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RSBI Working Group: 

Use cases Nutrigenomics and Toxicogenomics Investigations

USE CASE 1: NUTRIGENOMICS INVESTIGATION

Application of standard and omics technologies to assess the interaction between diet and gene activity
HUMAN STUDY

Objective:

Understand the interaction between nutrition — i.e. fat intake — and genetic variations and functions in obesity. Obese and lean subjects (750 and 115) from eight European cities will be examined by a scrutiny of dietary habits and life-styles, a one-day clinical investigation programme including a high-fat test meal followed by a 10-week hypocaloric dietary intervention with either high or low fat content. 

Metabolic and hormonal responses to the test meal, changes in body weight and composition, and in adipose tissue gene expression will be related to genotypes of selected known and novel candidate genes.

Treatment:

Volunteer are divided into two groups:

- 750 obese subjects 

- 115 normal weight reference subjects (lean subjects)

- Intervention:

- 10-week hypocaloric dietary intervention with either high or low fat content

- Obese subjects are randomised in 2 groups:

- a hypocaloric diet (~600 Kcal energy deficit / day), with a low fat content (20-25% fat)

- a hypocaloric diet (~600 Kcal energy deficit / day), with a high fat content (40-45%fat).

Pre-intervention measurements:

- Scrutiny of dietary habits and life-styles

- One-day clinical investigation programme :

- 3-day dietary standardisation at 37% of energy fat

- 1-day clinical investigation with a test meal challenge with 60% fat [a high-fat test]

- Before the test meal:

· Biometric measurements: weight, height, waist-hip ratio, body composition measurement

· Transcript Profiling: biopsies from the subcutaneous adipose tissue ->mRNA extraction-> Affymetrix microarrays

- After the test meal:

· energy expenditure and nutrient partitioning, and circulating obesity-related substrates, hormones, and metabolites

Post-intervention observations (after  10 week exposure to diet):

- 1-day clinical investigation with a test meal challenge with 60% fat [a high-fat test]

- Before the test meal:

· weight, height, waist-hip ratio, body composition measurement, and biopsies from the subcutaneous adipose tissue, energy expenditure and nutrient partitioning, and circulating obesity-related substrates, hormones, and metabolites

Transcript profiling

Identification of candidate genes using transcription profiling by comparing gene expression in adipose tissue before and after intervention in response to test meal in a subset of patients.

Note: these references show preliminary results. Additional samples have been kept and will undergo proteomic, metabolomic and transcriptomic profiling.

Genotyping

Determination of genotypic distribution of the functional variants of the relevant candidate genes using blood sample DNA from the entire study population. Relation to the responses to the test meal and the intervention programme.

USE CASE 2: TOXICOGENOMICS INVESTIGATION

Application of standard and omics technologies to assess the toxicology/carcinogenicity of a chemical compound
(Standard tox testing, see: NIEHS-NTP website)

STUDY 1: 14 DAYS TOXICITY

Objective:

Provide a basis for identifying potential target organs and toxicities and to assist in setting doses for the 13-week exposure study. 

Treatment: 

- F344 Rats and B6C3F1 mice
- quarantine period: usually 10-14 days

- animal randomisation in treatment groups

- five different dose group (drug at different concentration) + control group

- one such structure per sex, 5 animals per group

- males are house individually, females housed by groups for five (except for inhalation or topical exposure studies where animal are housed individually)

	
	Animals
	Sexes
	Species
	Test
Groups
	Total

	Treatment
	5
	x
	2
	x
	2
	x
	5
	=
	100
	

	Controls
	5
	x
	2
	x
	2
	x
	1
	=
	20
	

	___
	

	Total
	
	120
	


In-life measurements:
-Animals are weighed individually on day one on test, after seven days, and at sacrifice.

-Observations are made twice daily for clinical signs of pharmacologic and toxicologic effects of the chemical. 

Post sacrifice measurements:

Necropsy and Histopathology

- Liver, thymus, right kidney, right testicle, heart, and lungs weights are recorded for all animals surviving until the end of the study.  

-A complete necropsy is performed on all treated and control animals that either die or are sacrificed. (necropsy list) 

-Histopathologic evaluation is done only on those organs/tissues showing gross evidence of treatment-related lesions. The corresponding tissues are evaluated in control animals (specific targets may also be required if known).

Transcript and protein profiling

- Microarray/Proteomics analysis is performed using RNA / protein fractions isolated from target organs included in the study

STUDY: 13 WEEKS TOXICITY

Objective:

Obtaining toxicological data and determine the doses for each strain and species to be used in the 2-year toxicology/carcinogenesis study. 

Treatment:

- F344 Rats and B6C3F1 mice
- quarantine period: usually 10-14 days

- animal randomisation in treatment groups

- five different dose group (drug at different concentration) + control group

- one such structure per sex, 10 animals per group

- males are house individually, females housed by groups for five (except for inhalation or topical exposure studies where animal are housed individually)

	
	Animals
	Sexes 
	Species
	Test
Groups 
	Total

	Treatment
	10
	x
	2
	x
	2
	x
	5
	= 
	200
	

	Controls
	10
	x
	2
	x
	2
	x
	1
	=
	40
	

	Special "rats" for clinical lab studies
	10
	x
	2
	x
	1
	x
	5
	=
	100
	

	Special controls for clinical lab studies
	10
	x
	2
	x
	1
	x
	1
	=
	20
	

	 
	___
	

	Total
	 
	360
	


In-life measurements:

Animals are weighed individually on day one on test, after seven days, and at weekly periods thereafter. Animals are observed twice daily, at least six hours apart (before 10:00 AM and after 2:00 PM), including holidays and weekends, for moribundity and death. Animals found moribund or showing clinical signs of pain or distress are humanely euthanized. Formal clinical observations are performed and recorded weekly. 

Post sacrifice measurements:

Necropsy and Histopathology

- Liver, thymus, right kidney, right testis, heart, and lungs weights are recorded from all animals surviving until the end of the study. 

- A complete necropsy is performed on all treated and control animals that either die or are sacrificed. All tissues required for complete histopathology are trimmed, embedded, sectioned and stained with hematoxylin and eosin for histopathologic evaluation. (necropsy examination) 

- A complete histopathologic evaluation inclusive of gross lesions is done on all control animals, all animals in the highest dose group with at least 60% survivors at the time of sacrifice, and all animals in higher dose groups inclusive of early deaths and survivors. Chemical-related lesions (target organs) are identified, and these organs plus gross lesions are examined for all lower doses. Only those tissues designated as target tissues and gross lesions are evaluated in lower doses to a no-effect-level. A complete histopathologic evaluation is performed on all natural death/moribund sacrifice animals in lower dose groups. (list of tissues) 

Other specific Toxicologic Parameters

- Clinical Chemistry

Blood is collected from both sexes of "special study" rats, at days 4 ± 1 and 21 ± 2 and from the core study rats at the end of the study. These are processed for hematology and clinical chemistry determinations. Blood is collected from core study mice at the end of the study for hematology determinations. (clinical measurements) 

- Blood Smears for Micronuclei 

Two unstained blood smears are prepared from mice at study termination for micronuclei determinations. 

- Sperm Morphology and Vaginal Cytology Evaluations (SMVCE)

SMVCE are conducted on core study rats and mice. Mortality, body weight changes and clinical signs of toxicity are used to determine the 3 dose levels used for the SMVCE evaluations. 

Transcript and protein profiling

- Microarray/Proteomics analysis is performed using RNA / protein fractions isolated from target organs included in the study

STUDY 3: 2 YEARS TOXICITY
Objective:

Determine the toxicologic and/or carcinogenic effects of long-term exposure on F344 Rats and B6C3F1 mice. 

Treatment:

After a 10- to 14-day quarantine period, animals are assigned at random to treatment groups. Rats and mice receive the test agent for 104 weeks via a defined route of exposure at 3 dose levels plus controls. Animals have continuous ad libitum access to dosed-feed and dosed-water in those exposure studies. For inhalation, gavage and topical studies, animals are dosed five times per week, weekdays only. Male mice are housed individually and rats and female mice are group-housed, except for inhalation and topical exposure studies in which all rats and mice are housed individually. 

	
	Animals
	Sexes 
	Species
	Test
Groups 
	Total

	Treatment
	50
	x
	2
	x
	2
	x
	3
	= 
	600
	

	Controls
	50
	x
	2
	x
	2
	x
	1
	=
	200
	

	Sentinel Animals
	15
	x
	2
	x
	1
	x
	2
	=
	60
	

	 
	___
	

	Total
	 
	860
	


In-life measurements:

- Individual animal body weights for test and control group animals are recorded on day one on test and at 4-week intervals thereafter. If life-threatening tumors develop, a significant number of deaths occur, or a significant effect on body weight is observed, the weighing frequency may be increased to every two weeks. 

- Animals are observed twice daily at least six hours apart (before 10:00 am and after 2:00 pm including holidays and weekends) for moribundity and mortality. Animals found moribund or showing clinical signs of pain or distress are humanely euthanized. Formal examinations for clinical signs of toxicity are made and recorded at four-week intervals. 

Post sacrifice measurements :

Necropsy and Histopathology

- A complete necropsy is performed on all treated and control animals that either die or are sacrificed. All tissues required for complete histopathology as listed below are trimmed, embedded, sectioned and stained with hematoxylin and eosin for histopathologic evaluation. (necropsy list) 
- All animals in all dose groups that die (or are sacrificed in a moribund condition) and those that complete the 104-week exposure are subjected to a complete necropsy and slides of all tissues required for complete histopathologic evaluation are prepared and evaluated. (histopathology list) 

Transcript and protein profiling

- Microarray/Proteomics analysis is performed using RNA / protein fractions isolated from target organs included in the study
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