WP1: Standardisation of animal handling

The aim here was to establish to what extent animal house regimes differed and to what degree this might impinge upon phenotype outcome, and to identify what standards could be feasibly introduced at this stage. Common maintenance and housing standards were defined including humidity, temperature, light cycle and heath screens (adopting FELASA standards). Interestingly, different diets failed to show significant differences in clinical chemistry parameters
, but nevertheless we aim in Europe to move to a standardised diet for all centres. One centre had low pH drinking water, but this also failed to impact upon clinical chemistry screens. Importantly, we also standardised the conditions for blood sampling including age, overnight fast, time of sampling and anaesthesia. Interestingly, we observed differences in several clinical chemistry parameters depending upon the method of blood collection (tail vein vs. retro-orbital bleeding, the latter banned in certain European countries) reflecting the problems and complexity of mouse phenotyping.

WP3: Clinical Chemistry and haematology
With work on the effects of animal handling and housing on clinical chemistry parameters completed, this work group proceeded to define and validate a series of primary tests for clinical chemistry and haematology including ions, metabolites, enzymes and a variety of haematological parameters. Importantly, a mouse plasma pool was distributed amongst the different centres to aid the standardisation of blood biochemistry parameters.

WP4: Chemical and functional exploration of hormonal and metabolic systems
Diabetic and other metabolic diseases represent a major health burden throughout the world. We therefore undertook the development of a battery of tests to explore the hormonal and metabolic status of mouse strains and mutants. The guidelines for animal housing and handling conditions established through the work groups on Animal Handling and Clinical Chemistry also impact upon the tests developed. Only food intake is classified as a primary test, but in addition 7 Data Generating Primary Extended and Secondary SOPs were developed of which 4 have been validated between different centres – Oral Glucose Tolerance Test (OGTT), Dual energy X-ray absorptiometry (Dexascan), Cold Test and Intraperitoneal Insulin Sensitivity Test (IPIST).

WP5: Cardiovascular exploration
Cardiovascular disease is a major cause of morbidity in the human population and a significant risk factor in other disease e.g. diabetes. A schema for primary cardiovascular phenotyping was developed that envisaged two complementary strategies – non-invasive and invasive, the former being used when additional studies are required in longitudinal studies and incorporating electrocardiogram, blood pressure measurement (tail cuff) and echocardiography. The invasive wing of primary phenotyping involves electrocardiogram followed by left ventricular and arterial catheterisation and histology.

WP6: Establishment of a screening platform for allergy and infectious diseases
Primary immunodeficiency diseases in humans consist of a group of more than 100 diseases with defects in innate and adaptive immune responses, often caused by mutations in genes critical for immune cell development and effector function and homeostatic regulation of the immune system. We developed five primary and primary extended screens to aid the identification of disease models. The primary screens including a nine fluorescence parameter FACs analysis to monitor the presence of the most important immune effector cells, and a new protocol for immunoglobulin isotyping. Three primary extended screens were also developed that permit the characterisation of macrophage functions in mice. Interestingly, validation of the SOPs on inbred strains revealed some surprising differences in some of the immunological parameters and macrophage responses between strains and sex in the course of Listeria monocytogenes infection
.

WP7: Renal Function

Renal diseases and renal complications are prevalent and are a significant burden on health-care provision e.g. diabetic nephropathy and idiopathic glomerulonephritis. We have developed a standardised urine collection in metabolic cages as a primary screen. The SOP involves 24 hour urine collection in Tecniplast metabolic cages with free access to food and drinking water with food and water access measured in parallel. Urine and/or plasma biochemical parameters included ions, metabolites (including creatinine) and albumin. Standardisation between centres revealed that normalisation for creatinine excretion provided robust reproducibility for assessment of tubular functions.

WP8: Sensory systems
Sensory defects in hearing and vision account for a very large fraction of human disease syndromes. For example, 1 in every 1000 children are born with hearing impairment of which around half are genetic in origin. We have developed a series of primary and primary extended tests for both auditory/vestibular function and vision. In the case of auditory function, the primary tests for hearing and vestibular impairment (Modified SHIRPA tests including click-box, contact righting, elevated platform and reaching response; acoustic startle response; pre-pulse inhibition and swim test), were closely integrated with the primary tests developed for neurological and behavioural function (see Figure 3 and below). The acoustic brainstem response (ABR) test was adopted and standardised as a Primary Extended test for auditory function. All of the vision tests were primary extended including slit lamp for anterior segment defects and indirect ophthalmoscope or fundus camera for retinal defects. In addition, one functional test for vision, the Optokinetic Response (OKR) test was included and validated as a primary extended SOP
.

WP10: Neurological and behavioural function
Neurological and behavioural abnormalities underlie a very broad spectrum of diseases, particularly in the ageing population where neurodegenerative and psychiatric disease is placing an increasing burden on healthcare. We have designed an efficient primary screen for standardised neurological and behavioural phenotyping that incorporates and refines various previous tests. For example, we have included in this battery a modified version of several parameters previously included in the SHIRPA screening protocol. Importantly, as part of the standardisation between centres we have defined a working order and timing for the various tests (see Figure xx). 

WP11: Cancer phenotyping
Due to the variety of tissues and cancer types involved, Cancer Phenotyping is a complex process that requires a multidisciplinary approach involving imaging, pathology, molecular biology and cytogenetics. Moreover, some of the genetically-engineered mice developed as models of human cancer present unique lesions require a careful comparative evaluation with the human disease, as compared to spontaneous or induced tumors in mice. For primary screening we established protocols for tumor description, collection, storage and fixation that should allow both specialized histopathological and molecular phenotyping (e.g. GCH and expression array analysis of tumors). We also established a validated list of primary antibodies for the characterization of mouse tumors by immuno-histochemistry of formalin-fixed tissue. A consortium of mouse and human pathologists within Europe has been formed and has begun to undertake the analysis of specific tumor models in order to reach consensus on unequivocal pathological terms and the corresponding clinical condition as well as to search for genotype-phenotype correlations. A database with virtual slide images of these models is being developed and will be made accessible via the web. 

WP12: Bone, cartilage, arthritis, osteoporosis
The skeleton has to fulfil many important functions for the body: stability, carrying the body weight, ensuring mobility and acting as an important store for minerals. There are more than 150 human disorders that reflect skeletal malfunction, including osteoporosis and osteoarthritis. A variety of primary SOPs have been developed including embryological and morphological examinations; blood or urine based indicators for bone metabolism, bone densitometry, X-ray analysis and skeleton preparation.

WP13: Gene Expression

Studies of mouse gene expression are an important component of phenotyping. While systematic, genome-wide transcriptional profiling is an important part of molecular phenotyping, other groups have focused on the standardisation of these techniques both in data gathering and data dissemination. However, as an adjunct to pathology analysis and cancer phenotyping, Eumorphia has undertaken the development and validation of SOPs for a number of protocols encompassing the study of individual gene expression in tissue sections.

WP14: High resolution in vivo imaging of small laboratory animals
The focus of the work here has not been to develop new SOPs but, firstly, to provide support in validating existing imaging platforms e.g. X-ray analysis and secondly, to undertake development analysis and explore the application of various imaging technologies to mouse phenotyping, including PET, SPECT, MRI and ultrasound. Generic 3D automated algorithms have been developed in order to increase the speed of analysis of images obtained either in vitro or in vivo in embryos or adult animals (for example, analysis of MRI images of cardiovascular structures in mouse models of congenital heart disease). In addition, there has been much focus on the use of X-ray imaging for soft tissue analysis using dedicated contrast agents, including the assessment of intra-venous urography (IVU) for kidney phenotyping.

WP15: Necropsy exam, pathology, histology
Pathology, the systematic detection and analysis of organ and tissue alterations in adult and ageing mutant mice is a vital component of mouse phenotyping strategies. We have devised a primary histopathological screen in order to detect the broadest array of tissue abnormalities in a mouse and to correlate them with underlying mutations. The protocol recommends the analysis of groups of 24 mice (equal numbers of male and female and of mutant and wild types) that are divided into two sub-groups. The first, smallest sub-group consisting of mutant mice is subjected to a systematic high-throughput histological analysis of hematoxylin and eosin-stained sections of each of 40 organs. The second and largest group comprising the remaining mice and the majority of the control mice are subject to a systematic necropsy and to a targeted histological screen. Mutant organs in which morphological defects are diagnosed are then forwarded to a primary extended assays involving the analysis of organ volumes, the use of organ and pathology-specific strains and/or the detection of cell proliferation and cell death.

WP16: Gene based screens

Standardised manual or automated in situ hybridisation (ISH) protocols of sectioned or whole mount tissues were developed for in-depth molecular characterisation of novel mutant models, covering aspects of manual ISH, with both radioactive (35S-UTP) and non-radioactive (digoxigenin) probes, and one SOP concerning automated ISH with non-radioactive probes. Two annexes to these SOPs have also been produced, with recommendations to work in RNase-free conditions and to optimise specificity and sensitivity of the procedures since manual section protocols are variable depending on tissue. This action has been coordinated with EUREXPRESS protocols. Four of these SOPs have been going through a cross-validation process between the ICS and GSF/IDG groups, analysing the expression patterns of three genes on adult and embryonic sections and cross-testing all steps from the preparation of samples, sectioning, probe synthesis and ISH with radioactive versus non-radioactive probes to test relative sensitivity (for the 3 genes selected, the two probes yielded similar results). The procedures provided in these SOPs have now been considered complete and standardised and can be provided to the scientific community. 

Another project initiated this year is the generation of a EUMORPHIA mouse tissue bank. In conjunction with WP11, the NKI has generated a bank of both frozen and fixed tissues, consisting of tumour tissues and matched controls. These can be distributed as tissue microarrays and can be extended to other organ systems. WP11 has also compiled a 200-entry database of all commercially available Abs that work on fixed mouse tissue but could be extended to frozen samples to complement existing databases (NCI). 

WP17: Informatics - the EMPReSS SOP and EuroPhenome databases

To fully realise the potential of model organisms to bridge the gap between phenotype and genotype it is essential to provide structured descriptions of phenotypes that can be interpreted in a consistent fashion. We have recently suggested ways of using combinations of ontologies to describe mouse phenotypes
,
 and provided tools that allow the storage, active updating and visualisation of multiple ontologies
. Central to this approach is the establishment of validated SOPs for the measurement of phenotypic attributes. We believe the screen or assay used to ascertain phenotype governs the phenotype that will be detected and therefore must play a central role in phenotype representation. We are in the process of constructing the controlled vocabularies of assays required for implementation of this schema.  From this perspective the EMPReSS resource represents a collection of well-defined assays that can be linked directly to phenotype data.

To facilitate the storage and processing of the SOPs we have created SOPML, an XML language that allows the description of SOPs. The SOPs generated by different institutes are automatically annotated using a SOP template and stored in SOPdb, the underlying database. The documents produced by this process are automatically validated against the XML schema and manually curated by a domain expert before being committed in the database. The combination of XML-based markup, RDF document metadata and XSLT transforms facilitates filtering, advanced indexing, searching and rendering of the information
. The EMPReSS SOP database is accessible at http://empress.har.mrc.ac.uk
. 

We have also developed a phenome database for Eumorphia, EuroPhenome, which holds the baseline data from our standardisation and validation experiments on inbred strains. The EuroPhenome database links phenome data to the EMPReSS SOPs and is available through www.europhenome.eu.

WP18: Respiratory function
The basis of the fist-line respiratory exploration is to detect the principal respiratory disorder associated with the most widely occurring chronic inflammatory respiratory diseases affecting patients in Europe: asthma and allergy, chronic obstructive pulmonary disease (COPD), and lung fibrosis. These diseases are associated with bronchial hyper-responsiveness. The first-line screen documents the airway responsiveness in mice. SOPs are included for an asthma model, COPD model and airway inflammation
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