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OVERVIEW

Fitts. Minimizing Animal Numbers: The Variable-Criteria Sequential Stopping Rule, pp. 206-218

SUMMARY: Investigators performing experiments using animal models are required to justify the number of animals they wish to use.   They are encouraged to employ methods such as power analyses or pilot studies to determine the minimum number necessary to achieve a significant result.  Another method used to minimize the number of animals in an experiment is called the sequential stopping rule (SSR) which allows the investigator to conduct an experiment in stages with numerous interim analyses of the data.   This is in contrast to the “fixed stopping rule” where the experiment ends after a fixed number of subjects.  This article details the use of the variable criteria SSR, which improves on other SSR’s by stabilizing the rate of Type 1 errors between stages while still providing excellent power. 
The variable-criteria SSR is designed for relatively small experiments in the biological sciences in which a large effect size is expected. It is most useful for null hypothesis significance tests showing whether there is a difference and in which direction.  It is not useful for determining the size of an effect with a narrow confidence interval.  This is because the experiment is designed to end after just reaching significance. 

The user begins by choosing a significance test for their experiment and then acquiring a previous publication by the author that contains a table of stopping criteria and power curves for that particular test.  Tests that can be used include independent or dependent samples t-tests with either one or two-tailed P-values.  The author can also provide tables for some non-parametric tests by special request. These include the Mann-Whitney-Wilcoxon rank test, the Wilcoxon signed-rank test, and the Kruskal Wallis test.  

The next choices the user makes are:

1) Level of α  (0.005, 0.01, 0.05, or 0.10)

2) The sample size model.  This consists of the starting sample size per group (the lower bound) and the maximum sample size per group that is not to be exceeded (the upper bound).  The lower bound can between 3-10 subjects per group and for each of those there is a choice of two upper bounds.  The largest available is 40 which is more than adequate for most experiments.

3) Number of subjects to be added at each stage. This is often based on the practicalities of the experiment.

After all these factors are decided, the upper and lower stopping criteria can be established for each stage of the experiment.  A p-value will be calculated at the end of each stage and the experiment will stop if one of three conditions is met:

1) The experiment is found to significant (P < lower criterion)

2) The experiment is unlikely to be significant (P > upper criterion)

3) The experiment has used all of the assigned subjects.

If none of these criteria are met, the experiment can continue to the next stage using another group of animals.

The author provides hypothetical examples of applying the variable SSR to estimating effect size, repeated measures t-test, one-tailed t-test, one-way ANOVA, planned contrast, and multifactorial ANOVA.
QUESTIONS:
1. How does the variable-criteria sequential-stopping rule (SSR) improve on other types of SSR’s?

a. It is not limited to use with null hypothesis significance tests.

b. It can be used on experiments where a very small effect size is expected.

c. It keeps the rate of Type 1 errors constant throughout the experiment.

2. At the end of the first stage of an experiment utilizing the variable-criteria SSR, under which circumstance would the experiment proceed to a second stage?

a. The P-value is less than the lower criterion.

b. The P-value is between the lower and upper criterion.

c. The P-value is greater than the upper criterion.

ANSWERS:
1. c.  In other SSR’s, the rate Type 1 errors increases with each additional stage.

2. b.  In the other two circumstances, the experiment would end.

ORIGINAL RESEARCH

Mouse Models

Lencioni et al. Lack of Effect of Murine Norovirus Infection on a Mouse Model of Bacteria-Induced Colon Cancer, pp. 219-226
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Primary Species: Mouse (Mus musculus)
SUMMARY: Murine Norovirus is endemic in animal facilities in the US, Canada, Europe, and Asia. Prevalence rates for this disease can be 58-64% of mice.  Although very few strains of immune-deficient mice develop disease, subtle changes in lymphoid tissue, immune responses, and other physiologic parameters are altered is other strains of mice.  This paper investigated the effect of MNV or a Helicobacter-infected colon cancer model.  Smad3-/- mice were infected with Helicobacter.  They were studied for the progression of inflammatory bowel disease and colon cancer with or without a concurrent infection of MNV.  Although there were in vitro changes in cytokine production in response to MNV, there were no changes in mice in any of the data in response to MVN. 

QUESTIONS: 

1. 
How is Mouse Norovirus spread? What type of sentinel program would best discover an outbreak?

2. 
MNV is lethal to what strain of mouse?

3. 
T or F: Helicobacter bilis can be responsible for proliferative typhlitis, colitis, and proctitis, and hepatitis.

ANSWERS:

1. MNV is transmitted by the orofecal route.  A dirty bedding sentinel would likely become infected.

2. 
Stat1-/- mice

3. 
T

Huang et al. Spontaneous Nonthymic Tumors in SCID Mice, pp. 227-234

Domain 1 

Primary Species: Mouse (Mus musculus)
SUMMARY: SCID mice provide an excellent platform for cancer research. Because of their lack of immunity, SCID mice readily succumb to infectious pathogens and therefore must be maintained in an SPF, barrier-protected environment.  Although SPF and barrier facilities prevent infection, SCID mice remain prone to premature death due in part to a high prevalence of spontaneous thymic lymphomas.  However, little is known about spontaneous nonthymic tumors in SCID mice.  We therefore analyzed the incidence  of nonthymic tumor in our defined-flora C.B-17/Icr-SCID/Sed mice and examined their histopathologic characteristics.  We necropsied 1060 retired SCID breeders (506 males, 554 females; average ages of 325 and 320 days, respectively) and found that 24 mice had developed nonthymic tumors, yielding an incidence of 2.26% (1.78% males, 2.71% females).  The incidence of nonthymic tumors was substantially lower than that of thymic lymphomas in our retired SCID breeders (12/3% in males, 4.15% in females).  Based on histopathology, 9 nonthymic tumors in male SCID mice consisted of 4 salivary gland myoepitheliomas, 2 rhabdomyosarcomas, and 3 cased of leukemia involving multiple organs.  Female SCID mice had 15 nonthymic tumors consisting of 8 mammary adenocarcinomas, 4 salivary gland myoepitheliomas, and 1 case each of leukemia, rhabdomycosarcoma and fibrosarcoma.  In addition, we tested in vivo transplantability and characterized the growth behavior of several of these tumors.  To our knowledge, this report is the first comprehensive description of spontaneous nonthymic tumors, including 8 myoepitheliomas and 3 rhabdomyosarcomas from the same SCID mouse colony. 

QUESTIONS:

1. 
T or F.  SCID mice lack both functional T and B cells, and as a result, are highly susceptible to infection by pathogenic microorganisms.

2. 
Why are SCID mice considered an ideal animal model for human tumor xenograft growth and in vivo metastatic studies? Choose all correct answers.

a. 
Due to their high rate of spontaneous thymic lymphoma formation

b. 
They easily accept xenografts of human tumors

c. 
They develop spontaneous metastasis from human xenografts at a higher frequency than nude mice.

d.  
Due to their low rate of spontaneous non-thymic tumor development.

3. 
T or F.  Rhabdomyosarcomas are malignant tumors of skeletal muscles and are a common spontaneous neoplasm in laboratory rodents.

 

ANSWERS
1.
T

2.
b and c 

3.
F. Rhabdomyosarcomas are one of the rarest spontaneous neoplasms in lab rodents.  In one study, the tumor frequency in BALB/cJ mice was calculated to be 2.4/100,000 mice retained as breeders.

 

Wilder-Kofie et al. An Alternative In Vivo Method to Refine the Mouse Bioassay for Botulinum Toxin Detection, pp. 235-242

Domain 3: Research

Primary Species: Mouse (Mus musculus)
SUMMARY:  The mouse bioassay (MBA) remains the standard test for laboratory confirmation of Botulism.  The authors evaluated the use of a nonlethal mouse toe-spread reflex model to detect botulinum neurotoxin (BoNT) as a possible, more humane alternative to the MBA.  Toxin spiked samples and non-toxin control samples were injected into the extensor digitorum longus muscles of mice.  Using objective measurements (effective paralysis scores) and clinical observation, the authors were able to accurately identify >80% of animals injected with 1 LD50 BoNT type A within 24 hours. 

QUESTIONS:

1.
Which of the following describes the action of botulism neurotoxins (BoNT)?

a. Inhibit GABA release

b. Inhibit acetylcholine release

c. Inhibit glycine release

d. Inhibit Substance P release

2. How are mice injected for the mouse bioassay (MBA)?

a. IM

b. SC

c. IP

d. IV

3. Injection of which of the following muscles have been used to measure BoNT?

a. Gastrocnemius

b. Inguinocrual

c. Extensor digitorum longus

d. All of the above

ANSWERS:

1. b

2. c

3. d. b & c have recently been targeted as alternatives to MBA & for investigation of potential therapeutics

Omeir et al. Heterogeneity of the Tumorigenic Phenotype Expressed by Madin-Darby Canine Kidney Cells, pp. 243-250

Domain 3: Research

 

SUMMARY: Given the conflicting data regarding the tumorigencity of MDCK cells, the authors took three lots of these cells from the supplier and analyzed the tumorigenic phenotype of each lot in nu/nu mice and BALB/c nude mice. The lots differed from one another by tumor-generating efficiency and time from inoculation to formation of visible tumors.

 

QUESTIONS:
1. True/False: MDCK cells are a popular immortal cell line due to the reproducibility and consistency of tumors they form

2. The authors give three possibilities for the heterogeneity of MDCK cells. What are they?

 

ANSWERS:
1. False. MDCK cell populations are known to be diverse in behavior and tumorigencity

2.
a. 
Mutations that confer growth advantages and tumorigenic phenotypes


b.
Different cell lots contain differing subpopulations of stem cells


c.
Epigenetics (such as differing sensitivities to hormones or other microenvironmental stimuli)

Feline Model
Rutz-Mendicino et al. Removal of Potentially Confounding Phenotypes from a Siamese-Derived Feline Glaucoma Breeding Colony, pp. 251-257
Secondary Species: Feline
Domain:  1 (Management of Spontaneous and Experimentally Induced Diseases and Conditions)
Summary: A Siamese-founded colony was established to study primary congenital glaucoma.  Primary congenital glaucoma occurs spontaneously in Siamese cats and is similar to the spontaneous disease occurring in humans. The condition results from a mutation in latent transforming growth factor beta-binding protein 2.  One difficulty in establishing a nonrodent large-animal breeding colony for studying spontaneous genetic diseases is that the gene of interest often is linked with or cosegregates with additional genetic disease or traits, and thus potentially confounds experimental design, results and animal production.  After noting the occurrence of cats with 3 coat-color variants in addition to the Siamese coat color, the authors were concerned that the genes affecting coat and eye color may also influence the phenotypes of primary interest.  Genes affecting pigmentation have been shown to affect normal ocular function. Both Siamese and nonSiamese-colored cats develop glaucoma and have similar course of disease.  The authors were able to use PCR-RFLP to genotype colony animals, screen them for blood type and other disease-associated alleles known to segregate in Siamese cats, identify the source of the color mutations, and restrict breeding of colony animals that had potentially confounding genotypes. 
QUESTIONS: 
1. 
T/F. Alleles associated with coat color may also influence development of the immune, nervous and visual systems.   
2. 
T/F. In addition to genotyping cats for coat color alleles, blood -type screening may also be prudent in breeds in which the B blood type is recognized. 
3. 
When establishing a breeding colony, PCR-RFLP may be a helpful tool to 
a. 
Genotype potential founding animals 
b. 
To determine the presence of breed-associated disease-causing alleles 
c. 
Eliminate potentially confounding disease -causing alleles from breeding stock 
d. 
All of the above 
ANSWERS: 
1. 
T 
2. 
T 
3. 
d 
Swine Model
Rothman et al. Hemodynamic and Histologic Characterization of a Swine (Sus scrofa domestica) Model of Chronic Pulmonary Arterial Hypertension, pp. 258-262
SUMMARY: Pulmonary arterial hypertension (PAH) is defined as a mean pulmonary artery pressure greater than 25 mm Hg with a normal pulmonary artery wedge pressure, and an increased pulmonary vascular resistance.  Despite current therapeutic agents PAH continues to have a poor prognosis along with a complex and poorly understood physiology. Experimental models of PAH have been developed in rats, mice, dogs, sheep, pigs, cows and nonhuman primates.  This study modifies a swine model of PAH, in which anastamosis of the left pulmonary artery (LPA) to the descending aorta is used to create a chronic PAH model and provides sequential hemodynamic, angiographic and histological data by use of an experimental endoarterial biopsy catheter. 

Materials and Methods: 9 female Yucatan microswine underwent surgical anastomosis of the left pulmonary artery to the descending aorta via a left thoracotomy, in which the LPA was divided and ligated at its origin from the pulmonary trunk. The descending thoracic aorta was clamped and a window was made in the medial aspect.  An end-to side anastomosis was created.  No chest tubes where used when during closure of the thoracic cavity. Post-op, pigs received furosemide orally, cephalexin and buprenorphine.  Catheterization with aortic pressure and LPA pressure measurement, angiography and biopsies of the LPA were performed at  1 wk, 3 wk and then monthly up to 6 months post op. Vascular access was from a carotid artery, isolated by cut-down, and cannulated with an 8-French sheath.  The pigs were euthanized at the end of the study. Heart and lungs were examined and artery and parenchyma samples were taken for histopathology. 
Results and Discussion: Three pigs with connections (size of surgical window in aorta) of 6 to 8mm died within 1 wk of surgery. The remaining 6 pigs, with 4.5mm connections established a reproducible hemodynamic course, with allowed for 1 or 2 catheterizations while the LPA pressure was still normal and several subsequent catheterizations and biopsy procedures when severe PAH had developed.  Thus, this model can be used to test therapeutic agents or maneuvers at several hemodynamic and diseases stages. The endoarterial biopsy catheter was safe and effective in obtaining pulmonary endoarterial samples for histological studies which showed neointimal and medial changes. Autopsy confirmed severe pulmonary vascular changes, including concentric obstructive neointimal and plexiform-like lesions.  The in vivo endoarterial biopsy technique may aid in understanding mechanisms and developing therapies for experimental and human pulmonary arterial hypertension.

QUESTIONS:

1. 
Name three experimental models of PAH other than pigs.

2.  
Hemodynamic, angiographic, and histological data was acquired by using what kind of experimental catheter?

3.  
This model mimics systemic to pulmonary arterial shunts in humans. Give an example of one.  

 

ANSWERS: 

1. 
Rats, mice, dogs, sheep, cows, nonhuman primates

2.
Endoarterial biopsy catheter

3. 
Patent ductus arteriosis, Potts shunts (anastomosis of the left pulmonary artery to the descending aorta), Wateston shunts (anastomosis of the right pulmonary artery to the ascending aorta), Large Blalock-Taussig shunts, hemitruncus (origin of one of the pulmonary arteries from the ascending aorta. 

 

Nonhuman Primate Models

Kramer et al. Psychogenic Alopecia in  Rhesus Macaques Presenting as Focally Extensive Alopecia of the Distal Limb, pp. 263-268
Primary Species: Macaques (Macaca spp.)
SUMMARY: Focally extensive alopecia of the limbs is often seen in many colonies of Rhesus macaques.  In this paper 17 animals were used to determine if this condition may confound studies.  The data collected were physical exams, blood work, skin scrapes, skin biopsies, surface cytology, as well as bacterial-fungal cultures.  The animals chosen were either grade 1 (10% to 20% of the body affected with alopecia) or grade 2 (20% to 40%) alopecia.  Tissue biopsies were taken from the affected and unaffected areas of the same extremity to serve as a control. 
 

Results: Demographic information- average age of 8.3 years (as young as 3 years old); males and females were equally affected; most macaques with distal limb alopecia in this study were born and raised in the facility with presentation not being affected whether raised indoors or outdoors.

No significant findings were found during the skin scrape, blood work, and physical exam.  Staphylococcus aureus and Malassezia spp.  were both cultured but are considered normal skin microflora as in humans.

In general there were no differences seen in the hair growth cycle of the affected and unaffected areas of the macaques, most of the hair follicles were in the anagen phase.  The amount of perivascular inflammation was negligible, without any signs of acanthosis, spongiosis, edema, dermal fibrosis, or other pathology that would be expected with more generalized alopecia.

Neither mast cells nor CD3+ lymphocytes were elevated in alopecic skin as compared to the normal skin from the same animal.

Discussion: There was no association noted between the development of alopecia to bacterial, fungal, or parasitic agents and the pathology and clinical findings indicate that focally extensive alopecia of the distal limbs in rhesus macaques is consistent with psychogenic alopecia.  

QUESTIONS:
1.  
T/F.  There is a direct relationship seen with  focally extensive distal limb alopecia to bacterial or fungal skin infections.

2.  
T/F.  Rhesus macaques raised outside versus inside in a laboratory setting are less likely to develop focally extensive alopecia of the distal limb due to them being closer to nature.

3.  
T/F.  Rhesus macaques raised outside versus inside in a laboratory setting are more likely to develop focally extensive alopecia of the limbs due to the possibility of being exposed to more bacteria or fungi.

4. 
T/F.  Mast cells and CD3+ lymphocytes were not elevated  in the alopecic skin when compared to the normal skin from the same animal.

5. 
T/F.  Males are more likely to develop focally extensive alopecia of the distal limbs than females.

ANSWERS:
1. 
F
2. 
F
3. 
F
4. 
T
5. 
F
Kling et al. Alterations in Peripheral Blood B-cell Populations in SHIV89.6P-infected Macaques (Macaca fascicularis), pp. 269-277

Domain 1: Management of spontaneous and experimentally induced diseases and conditions 

Primary Species: Macaques (Macaca spp)
SUMMARY: The main abnormality in HIV infection in humans is severe depletion of CD4+ T cells. Severe B cell abnormalities can also be seen (i.e. reduced numbers of total and memory B cells, poly clonal B cell activation and terminal differentiation, hypergammaglobunimeia, decreased circulating antigen-specific immunoglobulin, impaired responsiveness to polyclonal stimulation, spontaneous immunoglobulin secretion in vitro, and germinal center abnormalities including follicular hyperplasia and lymphadenopathy). This study evaluated the B cell compartment during infection of Cynomolgus macaques with a chimeric SIV/HIV (SHIV89.6P). The animals were followed out for a year with blood sampling for immunoglobulin detection and flow cytometry analysis of T and B lymphocytes as well as viral load.
· CD20+ lymphoctyes (total B lymphocyte count) decreased and remained depressed throughout the study (although the percentage was high at the end due to decreased T cells)

· CD95+ lymphocytes (an activation marker, greater susceptibility to CD95-mediated apoptosis) declined but returned to baseline, the percentages of CD95+ lymphocytes were increased (showing increased activation)

· CD21+ lymphocytes (part of the B cell coreceptor complex, strengthens the signal resulting from antigen recognition, elicits T cell help) decreased and remained depressed throughout the study (indicating a poor proliferative response. CD21 low or negative cells are thought to be terminally differentiated)

· CD27+ lymphocytes (memory B cells) declined but rebounded

· Subsets of memory lymphocytes were differentially affected, class-switched (CD27+IgM-IgD-) memory cells were reduced but recovered (may have differentiated into antibody secreting plasma cells thus accounting for the hypergammaglobulinemia), IgM (IgM+CD27+) were decreased and remained decreased

· CD20+CD27- (naïve B cell population) declined and remained depressed

· Plasma IgG levels varied over the course of infection = hypergammaglobulinemia

· All results were statistically significant

Phenotypic B cell alterations induced by HIV in humans may have functional consequences resulting in diminished host capacity to respond to pathogens, thereby increasing susceptibility to opportunistic infections. Several aspects of HIV-induced B cell alterations were mirrored in the SHIV-macaque model.

QUESTIONS:

1. 
What is the advantage to using SHIV over SIV in macaques as a model  for human HIV?

2.   Describe the significance of each marker: CD20, CD95, CD21, CD27

ANSWERS:

1.  
There is a reduced time to immunosuppression in infected animals, there is a significant loss of CD4+ T cells by 2-4 weeks after infection (as well as disturbances in the B cell compartment early on)

2.  
CD20 = all B lymphocytes have this marker, CD95 = activation marker, greater susceptibility to CD95 mediated apoptosis, CD21 = a component of the B cell coreceptor complex, elicits T cell help, CD27 = memory B cells

CASE STUDY
Wachtman et al. Colonization with Nontuberculous Mycobacteria Is Associated with Positive Tuberculin Skin Test Reactions in the Common Marmoset (Callithrix jacchus), pp. 278-284
Secondary Species: Marmosets/Tamarins (Callitrichidae)
Domain:  1 (Management of Spontaneous and Experimentally Induced Diseases and Conditions); Task: T3

SUMMARY: Tuberculin Skin Testing (TST) in NHPs can have false positive results because the tuberculin that is used to evaluate a reaction contains antigens that are common to a variety of mycobacterial species.  Some of these are nontuberculosis mycobacteria (NTM).  This paper looked at a large colony of marmosets and noted that the incidence of equivocal or positive TST reaction was 3.6% in the colony.  Mycobacterium gordonae was isolated from a fecal culture of one of the marmosets and further evaluation revealed a 66.7% colonization rate in the TST positive marmosets (vs. a 14.3% colonization rate in the TST negative population).  On necropsy 2 marmosets had multifocal lymphadenopathy and granulomatous lymphadenitis associated with M. kansasii (a more pathogenic NTM).  

Conclusion:  One should always be vigilant in ruling out M. tuberculosis whenever there is a positive TST, but colonization with nontuberculin mycobacteria is also a cause of suspect TST reactions.

QUESTIONS:
1. T/F.  M. gordonae is highly pathogenic and associated with lymphadenopathy in marmosets.

2. T/F.  A positive TST is specific for exposure to Mycobacerium tuberculosis.

3. T/F.  Old world monkeys are most susceptible to infections with M. tuberculosis.

4. T/F.  New world monkeys are more commonly colonized with non-tuberculosis mycobacteria.

ANSWERS:  
1. 
False

2. 
False

3. 
True

4. 
True

