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OVERVIEW

Jagdale et al. Incidence of Neoplasia in Pigs and Its Relevance to Clinical Organ Xenotransplantation, pp. 86-94
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Primary Species: Pig (Sus scrofa)
 

SUMMARY: This paper is a literature review of common neoplasias in young pigs. Science is rapidly approaching the first human xenotransplantation using pig organs. Little is known about neoplasia in pigs after 6 months as they are usually slaughtered, however organs for xenotransplantation would need to be collected prior to 6 months in order to fit inside a human. The risk of neoplasia after allotransplant and immunosuppressive therapy is increased, though it is more common that the origin is recipient and not donor. The most common malignancy in pigs is lymphosarcoma (3-25 cases per 1 million pigs), no specific breed predilection and most already show dissemination at diagnosis. The most common primary renal tumor is nephroblastoma, metastasis is rare and even large tumors are often benign. Secondary renal tumors are more common (lymphoma). Melanoma is rare in pigs but some breeds are more highly predisposed (Duroc). In some miniature species melanoma is inherited and passed from one generation to the next. There are some differences in malignancy (Sinclairs get malignant melanoma but regress spontaneously, Duroc get mostly benign melanoma). Unlike humans, melanoma is extremely rare in unpigmented pig skin and its development is not related to UV rays. Post transplantation lymphoproliferative disorder (PTLD) is a potentially fatal abnormal proliferation of B cells and has been seen after allotransplantation. The incidence of this disorder is lower with solid organ transplants. It is related to the intensity of immunosuppression, degree of MHC mismatch, and infection with Epstein-Barr virus. Similar factors (porcine lymphotropic herpesvirus 1 instead of Epstein-Barr) may be associated with pig allotransplantation. The incidence of PTLD in NHPs with allografts or xenografts was 4.1% and 3.9%, respectively. SPF breeding and housing will reduce pathogenic viruses that could cause PTLD. Screening pigs for neoplasia prior to organ harvesting should be performed by palpating lymph nodes, but the young age of pigs used for xenografts should make the risk of neoplasia very low. Visual inspection and palpation should be sufficient to exclude tumors. Porcine endogenous retroviruses (PERV) which are present in every porcine cell nucleus have also raised some concerns but have not been implicated in any pig or human disease. They have only been able to infect human cells in vitro under stringent lab conditions. 

 

QUESTIONS
1. What is the lifespan of most domestic pigs?

2. Name some species of miniature swine.

3. What is the human counterpart of porcine nephroblastoma and how is it different?

 

ANSWERS
1. 15-27 years

2. Sinclair, Hormell, Munich troll, MeLiM

3. Wilms tumor – often associated with systemic anomalies or part of a syndrome (no evidence of such a link in pigs)

 

 

ORIGINAL RESEARCH

Cowley et al. Monitoring the Health Status of Mice with Bleomycin-induced Lung Injury by Using Body Condition Scoring, pp. 95-102
SUMMARY: Humane endpoints are important for identifying animals that need to be removed from study and euthanized. Typical methods include observation of behavior, assessment of physical appearance, and measurement of body weight (BW).

Body condition scoring (BCS) is a method for assessing health status in mouse studies. BCS is performed by gently holding the mouse by the base of the tail and passing a finger over the sacroiliac bones to assess fat and skeletal muscle stores.

The bleomycin murine model is relatively easy to develop and causes reliable lung injury. The model exhibits high mortality, and thus well-defined, humane endpoints are needed to minimize animal pain and distress.

Although BW loss is typically  used as a humane endpoints in this model, it may not accurately reflect the animal's true physical condition because while BW loss is occurring, the weight of the lungs is increasing.

The use of BCS may better reflect an animal's true physical condition because the BCS is independent of BW. Therefore, the author's goal was to evaluate the usefulness of BCS as a humane endpoint for the murine model of bleomycin-induced lung fibrosis. They also examined whether changes in BCS were reflective of changes in muscle and fat loss.

The major findings of the study are:

· Decreases in BW and BCS are highly related to the presence of lung injury

· The increase in lung weight from bleomycin instillation does not significantly mask an animal's loss in BW

· Decreases in BCS are related to systemic losses in muscle and fat mass

In the current study, both BW and BCS were correlated to the presence of lung injury. In addition, when the adjusted BW was used , the correlation was unchanged, suggesting that the increase in lung weight does not significantly mask the decrease in BW. The increase in lung weight is small relative to the body weight. Therefore, in principle, the increase in lung weight could have masking effect, but in practice, the effect is so small that it is negligible in this particular mode.

These findings suggest that both BW and BCS are appropriate methods for monitoring animal health status during disease progression.

 

QUESTIONS
1.
List two types of studies in which the decrease in BW is not useful for monitoring health status in mice? and why?
2.
Which one is not used to develop lung fibrosis in the animal model?

a.
Bleomycin

b.
Irradiation

c.
Spirulina

d.
Genetic modification

e.
Asbestos

3.
Which one is not observed in the histological evaluation of the lungs affected?

a.
Infiltration of inflammatory cells

b.
Disruption of alveoli
c.
Thickening of the alveoli walls

d.
Decreased deposition of collagen

4.
Which one is false regarding instillation of bleomycin in the mouse lungs?

a.
Lung weight increase due to fluid accumulation, and fibrosis.

b.
Sign of lung injury is  an increased activity.

c.
At the time of euthanasia there is periods of dyspnea.

 

ANSWERS
1.
Studies involving organ enlargement or tumor development. Because the increase in organ or tumor weight mask the decrease in body condition.

2.
c is false

3.
There is an increased deposition of collagen.

4.
b. There is a decreased activity of the animal.

 

Kurnick et al. Genotoxic Escherichia coli Strains Encoding Colibactin, Cytolethal Distending Toxin, and Cytotoxic Necrotizing Factor in Laboratory Rats, pp. 103-113
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions; 

K4 - Microbiology with emphasis on organisms of clinical significance; subclinical infections that cause physiologic, biochemical, and/or immunologic alterations

Primary Species: Rat (Rattus norvegicus)

SUMMARY: E. coli is a gram-negative bacillus with some strains being commensals and others pathogenic. E. coli strains are typically classified into one of four major phylogenetic groups which encode various virulence genes and pathogenicity islands. Associated virulence factors include cytotoxins such as genotoxic cyclomodulins, cytotoxic necrotizing factors (cnf), cytolethal distending toxin (cdt), and the genotoxin colibactin (pks). These virulence factors modulate host cellular differentiation, proliferation, and apoptosis and promote cytopathic effects. The prevalence of pks and other cyclomodulin+ E.coli strains in SPF laboratory rats is currently unknown; vendors typically do not include E. coli on their health surveillance reports.

E. coli was isolated from all 52 rats sampled, with all biologic sampling locations (rectum, nares, vagina) yielding E. coli isolates. Overall, the majority of isolates (65%) were pks+ and members of phylogroup B2 (65%). There was a strong association of genotoxin-positive strains with phylogroup B2 in rats, as is the case in human isolates. In addition to pks, cdt, and cnf, other virulence factor genes that are known to enhance colonization and survival and promote disease in the host were identified in the rat E. coli isolates.

The presence or absence of cyclomodulin genotoxins in laboratory rats may have unintended effects on experimental results and repeatability across institutions. Genotoxic-E. coli–colonizing rats arriving from vendors may interfere with studies of experimental E. coli infection; particularly in a neonatal rat model of E. coli K1 infection and sequelae in which the K1 capsule protects the bacteria from the host’s immune response. If genotoxic E. coli species are present at the initiation of these and other relevant studies, comparisons between sham and experimental groups may be erroneous.
QUESTIONS
1. 
Which E. coli phylogenetic groups are often associated with pathogenicity?
a.  
A
b. 
B1
c. 
B2
d. 
D
2. 
Which E. coli phylogenetic groups generally lack virulence factors?
a.  
A
b. 
B1
c.  
B2
d. 
D

ANSWERS
1. 
C, D
2. 
A, B
Badin et al. Effect of Age on Diabetogenicity of Alloxan in Ossabow Miniature Swine, pp. 114-122
Domain 3: Research, K3 – Animal models

Primary Species: Pig (Sus scrofa domestica)

 

SUMMARY: Alloxan is a glucose analog that is specific to glucose transporter 2, which is expressed almost exclusively by hepatocytes and pancreatic β cells. After administration of Alloxan, extensive β cell necrosis is often observed. The diabetic effects of Alloxan are believed to be dependent on age. The goal of this study was to determine whether age-conferred protection against the diabetic effect of alloxan is present in Ossabaw miniature swine (sus scrofa domestica).
After the induction of diabetes by intravenous Alloxan administration in 8 juveniles (age younger than 6 month sold) and 8 sexually mature adults (age 6 months and older), all swine were immediately placed for 6 months in a hypercaloric atherogenic diet. Intravenous glucose tolerance testing (IVGTT) was done and hyperglycemia persisted at 6 mo. after alloxan administration, with adult swine exhibiting significantly higher glucose concentrations at most time points during glucose challenge compared with juvenile pigs and adult swine before alloxan treatment, higher baseline fasting glucose level, and a greater glucose AUC. This study shows that alloxan-treated juvenile swine had a blunted response to the drug and did not have the severe diabetic effect that developed in adult swine given alloxan. Swine that received alloxan regardless of age exhibited decreased pancreatic β cell mass and reduced peripheral plasma insulin after a bolus of glucose. However, only the juvenile swine exhibited recovery of the insulin response at 6 mo. after alloxan treatment. Juvenile and adult alloxanized swine developed comparable risk factors for metabolic syndrome. These results show that fasting glucose and glucose clearance was more impaired in Ossabaw miniature swine that received alloxan as adults than as juveniles and that juvenile swine can recover (at least partially) from alloxan treatment.
Creatinine and BUN levels in the treated adult and juvenile pigs were comparable to those before treatment and in the nonalloxanized controls, and the AST:ALT ratio was comparable to that of nonalloxinized controls. These results indicate little kidney damage and no additional liver damage due to the drug.

In conclusion, this study shows that alloxan more efficaciously elicited acute and sustained hyperglycemia when administered to adult swine compared to juvenile swine. The diabetic effect of alloxan are thus confirmed to be dependent on age in dogs and minipigs. Further studies need to examine other laboratory animal species to determine the ubiquity of this age dependence.

 

QUESTIONS (True or False)
1.
Streptozotocin is a known diabetogenic agent

2.
The only study to cite age-dependence of alloxan in a large animal model was published almost 70 years ago.

ANSWERS
1.
True

2.
True

 

Boettcher et al. A Comprehensive Protocol for Laparotomy in Swine to Facilitate Ultrasound-guided Injection into the Fetal Intraperitoneal Space, pp. 123-129
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions;
K2 - Surgical techniques associated with diagnostic (e.g., exploratory; biopsy) and therapeutic (e.g., tumor removal) surgeries

 

SUMMARY: This group of authors sought to standardize a procedure for in-utero injections in a cohort of pregnant swine. Anatomical marking along with titanium wire helped validate the procedure and their overall goal of reducing stress to the animals along with better surgical outcomes was achieved.
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QUESTIONS
1.   Why are hematopoietic stem cells injected in pregnant swine at ~ 40 days of gestation?

2.  
What is the drug altrenogest (Matrix) used for in these pigs?

 

ANSWERS
1.   They are typically injected at this gestational age because this is the time period when hematopoiesis is occurring in the swine fetal liver, where they will migrate after injection. 

2. 
This is a progestogen drug to help maintain pregnancies and prevent abortions. Additionally, it synchronizes estrous in swine.

 

 
Cyrus et al. Fecal Concentration of N-methylhistamine in Common Marmosets (Callithrix jacchus), pp. 130-134
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Secondary Species: Marmoset/Tamarins (Callitrichidae)
SUMMARY: Chronic lymphocytic enteritis (CLE) is a prevalent disease in common marmosets. It is a type of inflammatory bowel disease. Although the etiology of CLE is unknown, many factors have been suspected such as gluten sensitivity, dietary protein deficiency, and Trichospirura leptostoma. There is no antemortem diagnostic test for CLE in marmosets apart from making a presumptive diagnosis based upon clinical signs coupled with a decrease in serum albumin. Likewise, there is no effective treatment known at this time.

Mast cells in the GI tract of both dogs and humans have been investigated in chronic enteropathies of dogs as well as IBD in humans. Histamine is found primarily in mast cells and is released upon mast cell degranulation. Fecal NMH has been shown to be increased in dogs with chronic enteropathies. Accordingly, in this study, the authors measured fecal concentrations of N-methylhistamine (NMH) in healthy marmosets as well as in those which had previously died or had been euthanized with some of those being healthy and some having various types of disease to include 7 which were confirmed histologically to have had CLE. The goal of the study was to establish a normal reference range for NMH in marmosets as well as to determine if the value is elevated in marmosets with CLE (e.g. to ascertain if NMH can serve as a biomarker for the antemortem diagnosis of CLE in marmosets).

It was observed that NMH concentrations were, in fact, elevated in marmosets with CLE compared to those not confirmed to have the disease  histopathologically (as it pertains to those sampled at necropsy) or those showing no clinical signs of disease and presumed to be free of the disease (pertaining to those sampled ante-mortem). However, the authors caution that more animals need to be assessed to better evaluate the sensitivity and specificity of NMH as an ante-mortem biomarker (one animal confirmed to have CLE was found to have a normal NMH level and another animal which did not have CLE but, rather, had lymphoma and ulcerative enteritis had an elevated NMH).

QUESTIONS
1.  
True or False. NMH is a breakdown product of histamine metabolism.
2.  
What are the classical clinical signs of CLE in marmosets?

ANSWERS
1.  
True
2.  
Failure to thrive in juveniles, weight loss +/- diarrhea in adults.

Cyrus et al. Serum Cobalamin and Folate Concentrations in Common Marmosets (Callithrix jacchus) with Chronic Lymphocytic Enteritis, pp. 135-143

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

T3 -  Diagnose disease or condition as appropriate

Secondary Species: Marmoset/Tamarins (Callitrichidae)


ONE-LINE SUMMARY: Low serum folate concentrations were moderately sensitive for Chronic Lymphocytic Enteritis in captive common marmosets, while low serum cobalamin concentrations were moderately specific for the same condition.

SUMMARY: Chronic Lymphocytic Enteritis (CLE) and other inflammatory bowel diseases are consistent findings in several colonies of marmosets.  These conditions can be fatal to these animals in captivity and only a presumptive antemortem diagnosis can be made.  Confirmation can only be made at necropsy.  The authors of this paper are investigating specific surrogate markers of gastrointestinal disease in dogs and cats to determine if they can be tested and used to definitively diagnose inflammatory bowel diseases in captive common marmosets.  The markers they are using are serum cobalamin (Vitamin B12) and serum folate (Vitamin B9).  So their objectives included:

1. To validate a commercial immunoassay for measuring cobalamin and folate in humans for use in common marmosets.

2. To establish reference intervals for serum cobalamin and folate in healthy captive common marmosets and

3. To study the changes in the concentration of these markers in captive Common marmosets that are suffering from CLE.

They were able to show that the assay was linear, accurate, precise and reproducible for measuring serum cobalamin and folate concentrations.  They were able to establish reference intervals for serum cobalamin and folate concentrations using pooled archived blood samples.  The samples also showed that serum cobalamin and folate concentrations were stable for approximately 7 years when stored at -80°C.  Their primary purpose however was not supported by this study.  They found that low serum cobalamin and folate concentrations were present in some common marmosets with gastrointestinal disease and CLE.  However some of the marmosets with CLE also had normal serum cobalamin and folate concentrations.  They suggested that more work was needed and their work was not conclusive.

QUESTIONS
1. Why are Common marmosets popular for biomedical research?

2. How does Intestinal Dysbiosis lead to decreased cobalamin concentrations?

3. What is the typical histopathological findings in common marmosets afflicted with CLE?

ANSWERS
1. Their small size (350 – 450g), they are low-cost to maintain, easy husbandry, rapid reproductive turnover, ready habituation to routine clinical procedures and low incidence of zoonoses.

2. Intestinal bacterial species compete for and bind available cobalamin.

3. Diffuse to segmental Lymphocytic enteritis.

Points Of Interest From The Article
· Common marmosets are used for research in the fields of neuroscience, reproductive biology, infectious diseases, behavior, drug development and aging research.
· Chronic Lymphocytic enteritis in Common Marmosets

· Histologically – characterized by diffuse to segmental lymphocytic enteritis

· Clinical picture – failure to thrive in juveniles or weight loss in adults with or without diarrhea

· Antemortem diagnosis made on basis of consistent clinical signs, a history of weight loss and a decreased serum albumin concentration. Definitive diagnosis usually made at necropsy.

· No treatment is effective

· Can lead to death
· Cobalamin (Vitamin B12)

· A water-soluble vitamin

· Is an essential cofactor for the enzymes methylmalonyl-CoA mutase and methionine synthase.

· Absorption of cobalamin-intrinsic factor complexes occurring through specific receptors on ileal enterocytes.

· Cobalamin Deficiency – reported frequently in dogs and cats

· Occurs in conditions such as Exocrine Pancreatic Insufficiency, Distal Intestinal Disease, Diffuse Small Intestinal Disease, Genetic Defects, Intestinal Dysbiosis

· Treatment – cobalamin supplementation

· In cats – decreased serum cobalamin concentrations have been reported with exocrine pancreatic insufficiency, inflammatory bowel disease and gastrointestinal neoplasia such as lymphoma and adenocarcinoma.

· Recent finding – Serum cobalamin concentrations were 2.5fold lower in pigtailed macaques with chronic idiopathic diarrhea compared with healthy controls.

· Cobalamin concentrations are low in some humans with inflammatory bowel disease and dogs with chronic enteropathy.

· Reasons for low cobalamin concentrations – genetic defects, changes in gut microbiota, hyperthyroidism, exocrine pancreatic insufficiency, lymphoma, ageing and metabolic causes.

· Folate (Vitamin B9)

· A water-soluble vitamin

· Dietary folate (form of folate polyglutamate) is poorly absorbed in the intestinal tract.

· The enzyme folate deconjugase in the jejunal brush border converts folate polyglutamate into monoglutamate, which is then absorbed into enterocytes of the proximal small intestine by using specific carriers.

· Is synthesized mainly by jejunal bacteria.

· Chronic intestinal disease damages folate carriers, reducing folate uptake which leads to decreased serum concentrations of folate.

· Increased serum folate concentrations are reported in dogs with intestinal dysbiosis, because many bacterial species synthesize folate.

· Chronic enteropathy can lead to decreased serum folate concentrations in dogs and cats.

· Irradiation has been reported to decrease folic acid concentrations by 20 – 30% in various foods.

Mariya et al. Mammosphere Culture of Mammary Cells from Cynomolgus Macaques (Macaca fascicularis), pp. 144-150

Domain 3: Research
Primary Species: Macaques (Macaca spp.)
SUMMARY: Obtaining multipotent stem cells for research is difficult due to their low number in most tissues. Mammary tissue in females has a larger number of undifferentiated stem cells, particularly during puberty or prior to first pregnancy. The mammary gland of the cynomolgus macaque is similar to human mammary tissue in development, morphology, and incidence of hyperplasia and neoplasia, and therefore represents a potential source of mammary stem cells (MaSC) for biomedical research. The authors have developed a protocol to collect minimally invasive biopsies of mammary tissue (2 x 1 cm) from nulliparous female cynomolgus macaques and use these to create primary cell lines for cryopreservation and growth in a 3D culture system, known as mammosphere culture. Mammospheres allow cells to more closely mimic in vivo growth and organization. Cells were analyzed for expression of markers of MaSC, pluripotency, and epithelial cell differentiation using quantitative real-time PCR. The number of mammospheres, recovery rate, and mammosphere forming efficiency decreased with each passage, with low numbers for each reported after 3 passages. mRNA expression levels for markers of MaSC increased with each passage, while mRNA expression levels for markers of both differentiated epithelium and pluripotency decreased with each passage. MaSC cultured in different enriched media were able to develop into both epithelial-like and spindle-like cells. These results suggest that mammosphere culture enriches the population of mammary stem cells, although these cells appear to be multipotent, not pluripotent. These cells can develop into multiple lineages when cultured with the appropriate media. This protocol may be useful for studies examining stem cell differentiation and carcinogenesis. 
QUESTIONS
. Which of the below are markers for pluripotency (multiple answers)?
a. Integrin β1
b. Cytokeratin 18
c. NANOG
d. Integrin ɑ6
e. OCT4
f. SOX2
a. T/F: the incidence of hyperplastic and neoplastic disease in the mammary tissue of both cynomolgus macaques and humans is 3-7%.
ANSWERS
1.
c, e, f 
2.
True
CASE REPORT

Werts et al. Atresia Ani with Imperforate Anus in a Common Marmoset (Callithrix jacchus), pp. 151-154

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

Secondary Species: Marmoset/Tamarins (Callitrichidae)

 

SUMMARY: An 83-day-old juvenile marmoset was found dead in his group enclosure, despite demonstrating no clinical signs of illness. Until death, the animal was consistently comparable in physical condition to his female twin. A comprehensive necropsy revealed a markedly distended and perforated bowel, secondary to a completely imperforate anus. No other abnormalities were found, and the affected animal and his female twin were the only progeny derived from a breeding pair comprising a ~3 year old multiparous dam and a ~4.5 year old first-time sire. The breeding pair has since successfully reproduced, until the sire was euthanized over a year later due to unmanageable inflammatory bowel disease and metabolic bone disease. The authors attribute the gross necropsy findings to the congenital deformity atresia ani with secondary bowel rupture. The etiology of these malformations is likely multifactorial, but there is evidence that some types are genetic and heritable. 
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QUESTIONS
1. What are common clinical signs associated with Marmoset Wasting Syndrome?

2. To what Superfamily and Family do marmosets belong?

ANSWERS 
1. Chronic diarrhea, alopecia, muscle atrophy, chronic colitis (aka generalized clinical signs) 

2.
Superfamily: Callithricoidea ; Family: Cebidae  

 

