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OVERVIEW

Huber et al. Summary and Assessment of Studies on Cardiac Aging in Nonhuman Primates, pp. 460-465
Domain 3: Research

SUMMARY: As nonhuman primates are important translational models for cardiac aging in humans, this paper summarized references describing cardiac aging studies in various species of nonhuman primates.  Nonhuman primate studies are challenging due to the animals’ long lifespan, large body size, slow reproduction, and complex sociality.  Thirty-three studies from 1983-2020 met their inclusion criteria, involving 9 nonhuman primate species.  Rhesus macaques were the most studied species.  Over half of the papers used either an echocardiography, ECG, or histology approach.  The left ventricle was the most studied cardiac structure.  The average age of the oldest macaque studies was 26 years, and the age of the oldest baboon studied was 24 years.  Since maintaining nonhuman primates into old age is both costly and challenging, a life course approach is best, as it starts in early life and tracks how cardiac structure and function change with age.  This way, biomarkers for predicting the course of cardiac aging  can be developed and interventions can be implemented early in life to prevent or delay age-related disease later in life.  The authors concluded by recommending inclusion of nonhuman primates with varied ages and increased focus on life-course approaches.

 

QUESTIONS
1. Which of the following is a noninvasive technique used for longitudinal studies of cardiac function and is a key component of primate-based cardiovascular studies?

a. Electrocardiography

b. Echocardiography

c. Plasma-atomic emission spectrometry

d. Magnetic resonance imaging

2. In which of the following aged species is cardiomyopathy common and a major cause of death?

a. Macaca mulatta
b. Macaca radiata
c. Aotus spp.
d. Saimiri spp.
e. Callithrix jacchus
 

ANSWERS
1. b
2. c
 

ORIGINAL RESEARCH
Cohen et al. Elucidation of the Central Serotonin Metabolism Pathway in Rhesus Macaques (Macaca mulatta) with Self-injurious Behavior, pp. 466-473

Domain 1: Management of Spontaneous and Experimentally Induced Disease and Conditions

Primary Species:  Macaques (Macaca spp.)
SUMMARY: Mental illness affects 20% of adults and 22% of children in the United States. Self-injurious Behavior (SIB) is one manifestation of mental illness and is characterized by self-injury that is persistent and repetitive such as pulling hair or nails, scratching, hitting, banging and biting. SIB in rhesus macaques has risk factors including individual housing and early separation from the dam. SIB’s are difficult to treat and tend to be repeated over time. Impaired central dopamine signaling can predict the severity of SIB in older rhesus macaques. Tryptophan can be metabolized to serotonin or kynurenine. Serotonin is further converted to melatonin. Shifting serotonin to kynurenine could be linked to central dysfunction and kynurenine is linked to pro-inflammatory markers such as cytokine Interleukin-6 (IL-6). The hypothesis in this paper is that SIB is linked to pathological changes in the brain tryptophan serotonin pathway. Two groups of macaques were studies, one was behaviorally normal and the other had SIB’s. Wounds were scored and CSF was collected to measure IL6, serotonin, kynurenine, tryptophan and quinolinic acid. SIB macaques had significantly higher levels of IL6 in their CSF. The same group had statistically significant lower levels of kynurenine and quinolinic acid. There was no difference in tryptophan levels. Serotonin levels were inverse to wound scores. It is possible that the increase in IL6 suggestive of brain trauma is linked to the altered tryptophan metabolism to kynurenine compared to serotonin.

 

QUESTIONS
1. In this paper what are the two major metabolites of tryptophan?

2. What are common signs of SIB’s in rhesus macaques?

3. T/F: Macaques with SIB have significantly higher levels of IL6 in their CSF compared to normal macaques

4. T/F: Tryptophan levels were higher in SIB animals compared to normal animals

 

ANSWERS
1. Serotonin and kynurenine

2. Pulling hair or nails, scratching, hitting, banging and biting. SIB in rhesus macaques has risk factors including individual housing and early separation from the dam

3. True
4. False - There was no difference 

 

Kelly et al. Biology and Cellular Tropism of a Unique Astrovirus Strain: Murine Astrovirus 2, pp. 474-484

Domain 3

Primary Species: Mouse (Mus musculus)

SUMMARY: Astroviruses are non-enveloped, positive-sense, single-stranded RNA viruses with a star-like appearance and are commonly associated with asymptomatic or limited gastrointestinal illness in various animal species.  Murine astrovirus (MuAstV) can affect immunocompetent and immunodeficient mice with no clinical disease and found to replicate in the goblet cells in the GI tract resulting in altered mucus production. MuAstV2 is genetically distinctive from MuAstV but shares 89.2% nucleotide identity with a strain detected in wild mice and 80.8% with brown rats. MuAstV will cause persistent infection and chronic virus shedding, however, MuAstV2 was found to not infect highly immunocompromised mice via natural or experimental exposure which is unusual.

              
Evaluation of viral shedding was accomplished with serial measurements of fecal viral RNA. Tissue tropism was used to further characterize the presumptive resistance to infection in immunocompromised mice via in-situ hybridization (ISH) and cellular tropism via immunohistochemistry during the course of infection. 10 immunocompetent C57BL/6NCrl and 10 highly immunocompromised NOD Prkdcem26Cd52Il2rgem26Cd22/NjuCrl were used. The mice were inoculated with MuAstV2 via oral gavage and fecal and blood samples were collected for multiple days after inoculation.

B6 Mice tested positive with fecal viral RNA 2 dpi and peaked at 5 dpi. All mice were negative at 168 dpi. 4 of 10 NCG mice, had MuAstV2 RNA detected in feces at multiple time points which peaked at day 7. The other 6 NCG mice were negative. Lymphocyte counts were at least 7.5 times higher in NCG mice shedding viral RNA than those that were not which was not consistent with the NCG phenotype. The background of the NCG mice was analyzed and the 4 MuAstV2 positive mice were found to be heterozygous or wild type for the IL2rg and Prkdc genes. 5 additional NCG mice (with confirmed background) were obtained and inoculated. Fecal viral RNA was not detected at any time point through 28 dpi in these mice. No gross or microscopic lesions related to MuAstV2 were observed in either of the mice strains.

ISH of B6 found that the small intestine had highest percent of hybridization (3.09%) at 5 dpi (villi and lamina propria). Thymus was second highest at 7 dpi with 2.3% hybridization (medulla) which proved extra-intestinal viral spread. The bone marrow exhibited the lowest level of hybridization at 0.02% at 5 and 7 dpi. No chromogen was detected in NCG mice at any timepoint. Fluorescent colocalization assays found MuAstV2 colocalized with 3 markers CD3 (T cells), Iba1 (macrophages), and cytokeratin (enterocytes).

Only NCG mice of mixed genetic background that had functioning IL2rg gene shed the MuAstV2. Results of the study suggests interaction with an immune system is required for infection or replication of the MuAstV2.

           

QUESTIONS

1. NCG mice background should have what type of deletions:

a. Homozygous deletion of Prkdc and heterozygous deletion of IL2rg genes

b. heterozygous deletions of both Prkdc and IL2rg genes

c. Homozygous deletion of IL2rg and heterozygous deletion of Prkdc genes

d. Homozygous deletion of both Prkdc and IL2rg genes

2. Which of the following tissues had the highest percent of hybridization in MuAstV2 positive animals?

a. Small intestine, Thymus, Bone marrow

b. Small intestine, Thymus, mesenteric lymph node

c. Small intestine, Thymus, Spleen

d. Small intestine, Thymus, Large intestine

3. True or False?  MuAstV2 needs the Prkdc gene to infect NGC mice.
ANSWERS

1.
d

2.
b

3.
False , IL2rg genes

 

Thurman et al. Effect of Housing Condition and Diet on the Gut Microbiota of Weanling Immunocompromised Mice, pp. 485-491

Primary Species: Mouse (Mus musculus)
 

SUMMARY: Gastrointestinal microbiota (GM) have been shown to significantly impact animal health, while being affected by many factors such as diet, antibiotic administration, age, sex, strain, and cage environment. To ensure reproducibility of studies using commons strains of mice it can be important to characterize the populations of bacteria present under defined housing conditions.

 

For many immunocompromised and irradiated strains of mice, feeding diets compounded with antibiotics is a common practice to prevent opportunistic infections. In this institution, immunodeficient mice are maintained on a diet containing trimethoprim-sulfa (TMS) after weaning. However, mice consuming antibiotics from diet or water, often do not achieve therapeutic plasma concentrations of antibiotics to be effective against most pathogens. This can lead to antibiotic resistance, and the use of antibiotic food is expensive.

 

The goal of this study was to characterize the GM of immunodeficient mice after weaning under two housing configurations and 3 diet conditions: individually ventilated cages (IVC), or open-top caging within a semigrid isolator (isolator); and TMS diet, standard rodent chow, or switching from standard to TMS diet. The baseline GM was measured for the immunocompromised mice housed under those standard conditions for 6 weeks after weaning. The groups housed in IVC or isolator cages and fed standard TMS diet were compared to groups in the same housing fed standard chow, or fed standard chow then switched to TMS diet after two weeks.

 

The study found that maintaining mice on TMS diet in the post-weaning period did not impart a greater consistency in their GM over time. There was not clear effect of diet on richness and α diversity of the GM. The change to antibiotic diet 2 weeks post-weaning did not convert the GM to a similar state of that for the fully antibiotic fed mice, which may show that the post-weaning period is very important for the establishment of the GM. GM populations were shown to be dynamic post-weaning and responded to changes in the environment.

Isolator housing dampened GM richness and diversity, and weaning to IVC cages was a more significant variable than any of the dietary interventions. Maintaining immunocompromised mice on antibiotic feed does not appear to have a clinical benefit when potential pathogens are excluded from the environment and it does not appear to result in a more consistent or controlled microbiome in the post-weaning period.

 

QUESTIONS
1.
T/F: Housing weaned mice in IVC caging had more impact on the GM richness and diversity than being fed antibiotic feed.

2.
T/F: Mice consuming feed or water containing antibiotics always achieve therapeutic plasma levels of antibiotic.

3.
Factors impacting gastrointestinal microbiota include all of the following except:

a.  
Diet

b. 
Antibiotic administration

c. 
Age

d. 
Sex

e. 
Body weight

 

ANSWERS
1.
True
2.
False
3.
e. Body weight

Sciurba et al. Evaluation of Effects of Laboratory Disinfectants on Mouse Gut Microbiota, pp. 492-501

Domain 3: Research; Task 3: Design and conduct research

Primary Species: Mouse (Mus musculus)

 

SUMMARY: Mice are valuable models for investigating the mechanisms involved in the associations seen between disease and gut microbial composition. The gut microbiota exists in a complex relationship with the health of the host. Numerous diseases have been associated with variations in gut microbiota composition, which affect physiologic function and organ systems throughout the body. Nonexperimental differences in the housing environments of research mice have been shown to cause significant dissimilarity in the gut microbiota, and therefore these factors must be a critical consideration when designing experiment.

Environmental factors that have been shown to contribute to alterations in the gut microbiota include temperature, light cycle, diet, source of drinking water, method of water decontamination, bedding material, and static compared with ventilated microisolation caging.

 

When an experiment requires that mice be handled, such as for injection, gavage, or blood collection, microisolation practices are followed to preserve the aseptic cage environment. These practices include using disinfectant chemicals to spray the work surface, outer cage, and gloved hands before mice are handled. During microisolation technique handling of mice, some proportion of the disinfectant is inevitably transferred from the gloved hand to the fur of the mice. This disinfectant then becomes a source for oral exposure during normal mouse grooming behavior, which involves repetitive licking of the fur.

This study hypothesized that exposure to the disinfectant chemicals used in microisolation technique may affect the gut microbiota. The primary objective of the current study was to determine if the use of disinfectant during standard microisolation handling of mice can influence the mouse gut microbiota.

 

Differences in the gut microbial composition of mice exposed to 3 commercially available oxidizing agent formulations or a solution of 70% ethanol were evaluated. A secondary objective of this study was to determine whether exposures to these disinfectants resulted in histologic lesions in the skin, gastrointestinal tract, or other tissues. The purpose of this research was to provide insight for institutions and investigators that use these disinfectants for maintaining biosecurity when handling SPF laboratory research mice.

 

For 27 consecutive days, one of 4 experimental disinfectant solutions ( Ethanol; Chlorine dioxide; Hydrogen peroxide; Potassium peroxymonosulfate) or sterile water was applied to each mouse ( 45 female C57BL/6N mice) in an amount that would be reasonably transferred through standard mouse handling procedures. Fecal samples were collected on days 7, 14, 21, and 28 to capture the fecal microbiota at weekly time points. Cecal contents were collected on day 28 (necropsy day). Three representative mice from each of the 5 groups were evaluated histologically. Tissues were evaluated for histologic changes including epidermal or mucosal degeneration and necrosis, inflammation, or other evidence of cell injury. Alpha and β diversity metrics and taxon-level analyses were used to evaluate differences in microbial communities.

 

No significant microscopic lesions were seen in any tissues of the 3 representative mice submitted from each of the 5 groups, which included the 4 disinfectant exposure groups and the sham-exposed sterile water control group. The data demonstrate that disinfectants used in this way do not confound histologic interpretation. Among the tested disinfectants, 70% ethanol had the least impact on the mouse gut microbiota, both in the cecum and feces. Of the 3 oxidizing disinfectant products tested, the chlorine dioxide product had a greater overall effect on the gut microbiota than 70% ethanol but a lesser effect than the hydrogen peroxide and potassium peroxymonosulfate products. The results of the taxon-level analyses were consistent with the total community-level β diversity analyses and identified the potassium peroxymonosulfate product as having the strongest effects on the mouse gut microbiota. The overall effect of the disinfectants was not strong enough to induce significant changes in α diversity. The overall effect of disinfectant exposures was stronger on the fecal microbiota than the cecal microbiota.

 

The results of this study demonstrate that the choice of disinfectant used in standard microisolation practices is an additional factor with potential to impact mouse gut microbiota composition. These findings should not preclude the use of these disinfectants but rather underscore that their use be recognized as a potential variable that could affect community structure of the mouse gut microbiota.

 

 

QUESTIONS (True or False)
1. Previous studies have shown that variations in the environment and husbandry of laboratory mice can have significant effects on the gut microbiota

2. Previous studies reported no significant reproductive effects with the use of quaternary ammonium compound disinfectants

3. The transportation process of mice from vendor to receiving institution is another factor which significantly impacts the mouse gut microbiota

 

ANSWERS
1. True

2. False: One previous study reported significant reproductive effects including decreased fertility and increased dam mortality with the use of quaternary ammonium compound disinfectants

3. True: These transport-related alterations reach a state of relative equilibrium after approximately 7 d of acclimation at the new facility.

 

 

Eldridge and Hsu. Antibody Production Remains Intact Despite Loss of Bone Marrow B cells in Murine Norovirus Infected Stat1 –/– Mice, pp. 502-511

Domain 3: Research 

Primary Species: Mouse (Mus musculus) 

    

SUMMARY: Murine norovirus (MNV-4) infection causes a significant loss of developing B cells in the bone marrow that can be prevented by signal transducer and activator of transcription 1 (STAT1), an important antiviral transcription factor. MNV-infected Stat1−/− mice also had a profound increase in the number of granulocytes in the bone marrow and significant elevations of serum granulocyte colony stimulating factor (G-CSF). In the current study, the authors sought to determine whether the bone marrow B cell losses seen after MNV infection in Stat1−/− mice resulted in an impaired humoral immune response, and whether the increased granulopoiesis in the bone marrow influences the bone marrow B cell losses seen after MNV infection. 

WT and Stat1−/− mice were immunized with either the T-dependent (TD) antigen KLH or the T-independent (TI) antigen NPF at 7 d after MNV-4 infection. Four wk. after immunization, bone marrow was evaluated for B cell, granulocyte, and macrophage populations, and serum was evaluated for antibody isotypes and subclasses for either the KLH-TD or NPF-TI antigen. The bone marrow B cell populations of MNV-infected WT mice did not change significantly as compared with uninfected WT mice. However, at 4 wk. after immunization, all MNV-infected Stat1−/− mice produced a serum antibody response that was close to or exceeded those of uninfected Stat1−/− mice, despite a significant loss of developing and mature B cells in the bone marrow. 

The authors hypothesized that the loss of bone marrow B cells observed in MNV studies may be due to increased granulopoiesis and G-CSF induced by MNV-4 infection in Stat1−/− mice. To test this, they administered daily injections of mouse recombinant G-CSF to uninfected Stat1−/− mice to mimic infection with MNV. After 7 d of treatment with G-CSF, uninfected Stat1−/− mice had significantly more bone marrow granulocyte and macrophage cells than did uninfected Stat1−/− control mice. Uninfected Stat1−/− mice receiving G-CSF also had significantly fewer B cells as compared with uninfected controls. These results indicate that G-CSF treatment can cause granulopoiesis and a concurrent loss of B cell populations in the bone marrow, similar to that observed after MNV-infection in Stat1−/− mice.  

To determine whether G-CSF contributes to the bone marrow B cell losses seen after MNV-infection in Stat1−/− mice, anti-G-CSF antibody was administered to MNV-infected Stat1−/− mice. Treatment of MNV-infected Stat1−/− mice with anti-G-CSF antibody inhibited granulopoiesis in the bone marrow and also prevented increases in macrophage cell counts as compared with those of MNV-infected controls. However, despite the inhibition of granulopoiesis, MNV-infected mice treated with 14 d of anti-G-CSF still showed decreased bone marrow B cell counts that were consistent with those of MNV-infected controls and were significantly lower than in uninfected controls. Taken together, these data suggest that granulopoiesis induced by G-CSF is not responsible for the chronic impairment of B cell development observed in the bone marrow of MNV-infected Stat1−/− mice. 

 

QUESTIONS (True or False)
1. 
T-independent (TI) antigens such as NP-Ficoll are typically polysaccharides with the ability to induce B-cell proliferation and antibody secretion in the absence of T cells. 

2. 
MNV-infected Stat1−/− mice cannot mount a robust humoral immune response to TD or TI antigens 

ANSWERS   
1. 
True
2. 
False
CASE STUDY

Zhang et al. Degenerative Osteoarthropathy in Laboratory Housed Xenopus (Silurana) tropicalis, pp. 512-520

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Secondary Species: African Clawed Frog (Xenopus laevis and Xenopus tropicalis)

SUMMARY: Naturally occurring diet-induced bone disease in laboratory Xenopus spp. is rare given strict dietary control. Spontaneous bone diseases are also rare. This case study described spontaneously occurring appendicular skeletal degenerative osteoarthropathy in 15 adult X. tropicalis. Initially, lab personnel noted nodules on the distal end of one frog’s hind feet. This frog remained otherwise normal. After relocating, the lab noted more frogs with lesions (51% of cohort – see images below). No other issues were noted in these frogs, and all lesions increased in size. Radiographs showed smooth, peripherally mineralized lesions arising from the distal phalanges. Both osteoproductive and osteolytic components were noted. Severely affected joints had extension of the new bone across the distal IP joint, affecting the adjacent bone, and distorting the joint. MicroCT showed that all frogs with nodular lesions also had osteoarthritis in IP, MCP, and MTP joints. No nutritional cause was identified to explain the lesions. Histopathology was performed on 8 frogs. All had some histologic abnormality in at least 1 clawed digit. The rim of the nodules consisted of mature cortical bone, surrounding adipose tissue, hematopoietic elements, and the remainder of the digit. IP joint spaces were incongruous and contained mineralized deposits &/or fibrocartilaginous tissue. Articular cartilage was eroded. Some of the frogs (3/8) had nodules of granulomatous inflammation invading distal bone. No infectious organisms were identified. No urate crystals were identified, and hepatic and renal histopathology was unremarkable. Degenerative osteoarthropathy was diagnosed, with no cause identified. 
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QUESTIONS
1. 
What is the common name for Xenopus tropicalis?

a.     African clawed frog

b.     Western clawed frog

c.     Northern leopard frog

d.     American bullfrog

2. 
What disease is caused by deposits of urate crystals in tissues and joints?

ANSWERS
1. 
b

2. 
Gout

