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Amphibian Model
Collymore et al., Trichodina xenopodus, a Ciliated Protozoan, in a Laboratory-Maintained Xenopus laevis, pp. 310-312
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Secondary Species: African clawed frog (Xenopus spp.)
SUMMARY: Trichodina spp. are ciliated protozoa (diameter, 50 to 100 μm) considered to be nonpathogenic ectocommensals of amphibians, fish and invertebrates. The characteristic feature of Trichodina spp. is its skeletal ring with radially arranged denticles that are readily apparent when viewed dorsoventrally. The number, arrangement, and shape of the teeth on the denticle have been used to identify these protozoa at the species level using silver-staining methods. Their primary method of transmission is by direct contact with another infected animal, contaminated water, fomites from introduction of live plants and by aerosol droplet transmission between aquaria.
In this case report, a postmortem evaluation of a domestically bred, adult, female Xenopus laevis revealed the presence of a urinary bladder protozoan consistent with Trichodina xenopodus. The discovery of these protozoa was considered an incidental finding, as its presence in the urinary bladder in frogs has not been correlated with disease or with urinary bladder epithelial lesions. These protozoa frequently inhabit the skin and gills, but may also be present in the urinary bladder of infected animals. Their presence on the skin and gills in low numbers is not related to disease; however, large numbers may indicate poor water quality and overcrowding. 
Successful treatment to kill the parasite is immersion of the animal in salt water bath (10-25 g/l to 30 or 4-6 g/L for 24 h). 
 
QUESTIONS
1. What are the other three species of Trichodina that affects amphibians?

2. How are the different species identified from one another?

3. What are the possible treatments for Trichodina infestation?

ANSWERS
1.
T. urinocola, T. pediculus, T. fultoni
2.
The number, arrangement, and shape of teeth on the denticle have been used to identify Trichodina spp. at the species level.

3.
Salt water bath, immersion in distilled water, malachite green, potassium permanganate, copper sulfate, formalin, sodium chlorite and Steinberg solution or modified Holfreter solution.

 
Mouse Models

Nunamaker et al. Predictive Observation-Based Endpoint Criteria for Mice Receiving Total Body Irradiation, pp. 313-322 

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

Primary Species: Mouse (Mus musculus)
SUMMARY: This study aimed to validate a previously published scoring system for mice receiving total body irradiation. The scoring system was a cage side evaluation looking at body posture, eye appearance, and activity level (all scored 0-3). Observers were all trained by one trainer on the use of the scoring system. C57BL/6 mice (8 weeks of age, both genders) were used. Mice were irradiated at 3 different doses using two different radiation sources (6 MV LINAC and Cs137). They found that increasing scores were positively correlated with animal death. Mice that were scored as 5, 6, 7, or 8 by the veterinarian had mortality rates of 86.2%, 93.5%, 99.3% or 100%. (Animals at a score of 9 were euthanized immediately.) The agreement between observers was fair, substantial, or almost perfect depending on the analysis used. The positive predictive value of either a 15% or 20% body weight loss for death was 93% or 97.1% respectively (animals weighed once a week or just prior to euthanasia).

QUESTIONS
1. 
According to this study, what is the best predictor of death in a mouse that has undergone TBI?

a.
Weight loss
b.
Food consumption
c.
Scoring system assessing body posture, eye appearance, and activity level
2. 
Which of the following area of research does NOT commonly utilize radiation?
a.
Transplant immunology 
b.
Radiation sickness
c.
Stroke
ANSWERS
1.
c
2.
c
Brinster et al. Failure-to-Thrive Syndrome Associated with Tumor Formation by Madin-Darby Canine Kidney Cells in Newborn Nude Mice, pp. 323-330 

Domain 1: Management of spontaneous and experimentally induced diseases and conditions; Task 3: Diagnose disease or condition as appropriate 
Primary Species: Mouse (Mus musculus)

SUMMARY: The Madin–Darby canine kidney (MDCK) cell line -established in 1958 from the kidney of a cocker spaniel- has been an important reagent for the isolation and study of influenza viruses and the development and manufacture of influenza virus vaccines. MDCK cells have also been used to study neoplastic processes in rodents because they typically do not express a tumorigenic phenotype in rodents.  In a previous study that included inoculation of newborn nude mice, these authors observed a syndrome with symptoms that included tumor formation and disrupted growth leading to a failure-to-thrive (FTT) syndrome characterized by growth retardation, lethargy, weakness, and dehydration; this study further characterizes that syndrome.  In that previous work, the authors identified three sublines of MDCK cells likely to produce tumors and FTT in newborn nude mice; in this study, they tested those three MDCK cell sublines in 145 newborn nude mice, along with 5 human tumor-derived c  ell lines -known to be aggressive in nude mice- in 65 newborn nude mice.  The human tumor-derived cell lines failed to induce FTT in inoculated mice, but the three sublines of MDCK cells induced varying levels of FTT syndrome, with scoliosis developing in 41% of affected pups. Affected pups were symptomatic by week 2, and severely affected pups became moribund and required euthanasia within 3 to 4 wk. The induction of FTT did not correlate with cell-line aggressiveness (estimated by histopathology or the efficiency of tumor formation), but tumor invasion of the paravertebral muscles likely contributed to the scoliosis noted. The authors concluded that tumor formation and FTT were characteristics of the three MDCK cell inocula and that FTT represents a new syndrome that may be similar to the cachexia that develops in humans with cancer or other diseases.

QUESTIONS
1.  Newborn nude mice inoculated with certain sublines of Madin-Darby Kidney cells developed varying degrees of a failure-to-thrive (FTT) syndrome… which one of the listed characteristics was NOT a typical of that FTT syndrome?

a.  
Growth retardation

b. 
Lethargy

c. 
Weakness

d. 
Dehydration

e. 
Scoliosis

2.  In a study of newborn nude mice inoculated with Madin-Darby Kidney cells, what percentage of pups developed scoliosis?

a. 
21%

b. 
31%

c. 
41%

d. 
51%

3. 
In a study of failure-to-thrive syndrome in newborn nude mice inoculated with Madin-Darby Kidney cells, did the induction of FTT correlate with cell-line aggressiveness as estimated by histopathology or the efficiency of tumor formation?

ANSWERS
1.  
e. Scoliosis

2.  
c. 41%

3.  
No

DiFranco et al. Leukotoxin Kills Rodent WBC by Targeting Leukocyte Function Associated Antigen 1, pp. 331-337
Domain: 1, 3

Primary Species: Rat (Rattus norvegicus), Mouse (Mus musculus)
SUMMARY:  Leukotoxin, a potential therapeutic agent, produced by  Aggregatibacter actinomycetemcomitans,  is a protein that binds to leukocyte function associated antigen 1 (LFA1) on WBC.  LFA1 is a beta-2 integrin only expressed on WBC, involved in adhesion to endothelial cells and tissue migration.  Also, LFA1 plays an important role in immunologic signaling and synapse.  Leukotoxin primarily affects activated WBCs since resting WBCs do not actively express LFA1.
Numerous diseases are characterized by increased LFA1 expression on diseased cells, like autoimmune and inflammatory disease, HIV, and hematologic malignancies.  So, leukotoxin is being developed as an agent to treat these diseases.  In vitro, this group showed that leukotoxin kills malignant monocytes in a similar way that therapeutic type II monoclonal antibodies (antiCD20 compounds and dGA101).  Leukotoxin efficiently depletes HIV-infected cells in ex-vivo experiments.  Leukotoxin shows noteworthy therapeutic efficacy in humanized mouse models for leukemia and psoriasis.  In NHPs, leukotoxin is active, specific and well tolerated.

Early studies showed that leukotoxin was only effective in humans and NHPs, hampering progress with use in rodent models.  However, this group showed that leukotoxin indeed does show a LFA1-dependent killing effect of rodent WBCs. 

Sprague-Dawley rats and B6 as well as B6.129S7-Itgaltm1Bll/J (LFA1KO) mice were used.  Leukotoxin was injected IV or SQ.  In rats, leukotoxin dropped total WBC, neutrophil, lymphocyte, and monocyte counts without affecting RBC or platelet counts, similar result in mice.  Monocyte and neutrophil counts rebounded to higher than pre-injection levels.  In LFA1 KO mice, WBC was not affected, confirming that leukotoxin targets LFA1 in vivo.

In vitro, M1 myeloblast and MLE cells were treated with leukotoxin for 24h and evaluated for cell death by annexin V-7AAD staining and flow cytometry. M1 cells were susceptible but not completely killed, but MLE cells were not susceptible, and THP1 (human monocytic leukemia) cells were also susceptible. 

This study contradicts the previous finding that leukotoxin is specific for human and old world NHP WBCs.  Rodent cells are less sensitive but clearly susceptible.  

QUESTION
1. Leukotoxin, a protein that targets WBCs, is: 

a. Specific for mice WBC

b. Specific for rat WBC

c. Specific for human and NHP WBC

d. Has actions against mouse, rat, human and NHP WBC

ANSWER 

1.
d.
Goodwin et al. Anaplastic Renal Carcinoma Expressing SV40 T Antigen in a Female TRAMP Mouse, pp. 338-341

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

Primary Species:  Mouse (Mus musculus)
SUMMARY: This case report describes the first transgene-induced tumor in a female TRAMP mouse.

TRAMP (transgenic adenocarcinoma of the mouse prostate) strain uses the SV40 large T antigen (Tag) to inactivate both tumor protein 53 (TP53) and retinoblastoma(RB1) genes, mimicking the characterized loss of TP53 and Rb1 in human prostate carcinoma.  Necropsy of an 8 months old female TRAMP mouse that presented with abdominal distention showed a large primary renal tumor with metastases to lung and liver.  Immunohistochemistry stain revealed expression of nuclear SV40 T antigen at the neoplastic cells, confirming the aberrant expression of the transgene.  

 

QUESTIONS
1.  
Which lab animal is commonly known to be susceptible to tumor induction by SV40?

a.  
Mesocricetus auratus

b.  
Peromyscus maniculatus

c.  
Mustela putoris furo

d.  
Caiman crocodilus

2.  
Where are the prevalent sites for Polyoma virus induced tumor in most mouse strains? 

a.  
Pancreas

b.  
Salivary glands

c.  
Lower GI tract

d.  
Prostate

ANSWERS
1.
a
2.
b
Rabbit Model

Booth et al. Multiple Complex Congenital Malformations in a Rabbit Kit (Oryctolagus cuniculi), pp. 342-347
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Primary Species: Rabbit (Oryctolagus cuniculi)

SUMMARY: This case summarizes a New Zealand white rabbit that was stillborn with a wide diversity of developmental abnormalities. The rabbits are housed and maintained in an environment that meets regulatory requirements; and the rabbits’ health status meets industry standards for being pathogen free. Heterozygous males (pronuclear injection of the human gene KCNQ1) were bred to wild type females. One litter from this breeding program produced 6 kits where 4 were born normal and two were stillborn, one of which is the kit described herein.
The head was small and markedly malformed with one centrally located eye with a proboscis dorsal to the eye (detailed gross images are in the article). The trachea and esophagus could not be found and the lungs settled in formalin. The majority of the intestines were extra-abdominal with a supernumerary kidney. There was a third hind limb and a shortened abdominal cavity bringing the proximity of the last rib near to the pelvis.
The histological findings confirmed and further characterized the gross findings. Selected findings included: changes to the retina, oropharynx and nasopharynx, ventricles of the brain, hippocampus, cerebellum, kidneys and spine.
Congenital malformations are often associated with environmental factors and/or genetic aberrations. Having more then two congenital abnormalities in one neonate, as observed in this case, is very uncommon. The authors speculate a pathogenesis of “caudal duplication anomaly” (dipygus) for several of the anomalies observed in this kit involving errors of duplication such as the supernumerary hind limbs and kidney. In addition the authors propose a number of mechanisms to describe the anomalies identified.

 

QUESTIONS
1. 
T/F.  finding multiple congenital anomalies in the rabbit is common? 

2.
Define holoprosencephaly

3.
List 2 environmental factors linked to congenital abnormalities.

 

ANSWERS
1.
F

2.
A cephalic disorder in which the prosencephalon (the forebrain of the embryo) fails to develop into two hemispheres.
3.
Exposure to teratogens, maternal nutritional and health status
Canine Model

Callan et al. Polymorphisms in Canine Platelet Glycoproteins Identify Potential Platelet Antigens, pp. 348-354
Domain 3: Research

 Primary Species: Dog (Canis familiaris)
 

SUMMARY:  The human platelet antigen (HPA) system is well-characterized and there is a wealth of information on alloimmune thrombocytopenic conditions caused by exposure to a platelet-specific alloantigen (usually through pregnancy or transfusion).  These conditions include neonatal alloimmune thrombocytopenia, post-transfusion purpura, and platelet transfusion refractoriness.  There are more than 30 platelet-specific alloantigens recognized in the HPA system.  In contrast, there is little to no information on canine platelet-specific alloantigens available in the literature.  Early serologic studies suggest that the antigenic determinant for HPA1a has been conserved between humans and dogs.  While there are no case reports of neonatal alloimmune thrombocytopenia in dogs, and only a single case of post-transfusion purpura described in the literature, platelet transfusion refractoriness has been well documented in dogs over the past 25 years.  Dogs have been used as an experimental model to evaluate ways to prevent platelet alloimmunization.  The main objective of this study was to evaluate the canine genes encoding the proteins that account for 21 of the 17 HPA in order to see if there were amino acid polymorphisms that could define canine platelet-specific alloantigens.  A secondary goal was to do a pilot study to assess the possible association between canine platelet antigen protein alleles and primary immune-mediated thrombocytopenia (ITP).  Blood samples from healthy blood donor dogs and dogs affected with ITP were collected and used for gene sequencing.  Sequencing of 3 genes (ITGB3, ITGA2B, and GP1BB) which encode the canine platelet glycoproteins GPIIIa, GPIIb, and GPIbB identified nonsynonomous single nucleotide polymorphisms (SNP) only in ITGA2B.  It is still unclear if these amino acid polymorphisms represent canine platelet-specific alloantigens.  
A major challenge of this study was that sera from dogs affected by alloimmune thrombocytopenic conditions is unavailable, and so the authors attempted to start with genomic DNA sequence analysis and see if any nonsynonymous SNP exist that might represent potential platelet alloantigens.  The authors did not identify any nonsynonymous SNP in ITGB3but did find 4 amino acid substitution SNP among 40 dogs with partial or complete sequencing of the ITGA2B gene.  The 4 amino acid substitution SNP resulted in 5 observed protein isoforms among the 40 dogs tested but there was not an association of any protein isoform with a specific breed.  In humans, various HPA occur at different allelic frequencies in various human populations, and some HPA polymorphisms have been associated with the development of acute and chronic refractory ITP.  This study was unable to identify allelic differences between ITP and non-ITP dogs; this could be due to the small sample size or due to the fact that this study focused on platelet glycoproteins that may not be the target platelet antigens in the majority of dogs with ITP.  It’s also possible that there may not be a link between amino acid polymorphisms and canine ITP.  Platelet transfusion refractoriness seems to be the most clinically relevant alloimmune thrombocytopenic condition in dogs.  This study identified protein polymorphisms in platelet antigens that have the potential to act as alloantigens, although further study is needed to further characterize the canine platelet antigen system.

 

QUESTIONS
1. 
Dogs have been used as an animal model for which alloimmune thrombocytopenic condition in humans?

a. 
Neonatal alloimmune thrombocytopenia

b. 
Platelet transfusion refractoriness

c.
Post transfusion purpura

2. 
True or false: There are identifiable allelic differences between dogs with ITP and those without ITP seen in dogs in this study.

3. 
What is a nonsynonymous SNP?

a. 
A SNP that causes an amino acid substitution

b.  
A SNP that is only found in one specific dog breed

c.  
A previously unidentified SNP 

 

ANSWERS
1.
b
2.
False

3. 
a
 

Nonhuman Primate Models 

McCully et al. Model for Concomitant Microdialysis Sampling of the Pons and Cerebral Cortex in Rhesus Macaques (Macaca mulatta), pp. 355-360
Domain 3: Research

Primary Species: Macaques (Macaca spp.)

SUMMARY: Pediatric diffuse intrinsic pontine gliomas are aggressive brainstem tumors that fail to respond to treatment.  The authors developed a NHP model using microdialysis to compare drug exposure concurrently in pontine tissue, cortical tissue, CSF, and plasma after IV administration of chemotherapeutic agents.  By using MRI to determine the surgical coordinates and approach, the microdialysis probe was accurately placed in the pons and cortex in 4 out of the 5 macaques with negligible tissue damage.  By developing this model, the authors were able to determine differences in CNS penetration of chemotherapeutic agents in the pons, cortex, and CSF after systemic drug administration.
QUESTIONS
1. Which of the following is the genus and species of rhesus macaques?

a. Macaca nemestrina

b. Macaca mulatta

c. Macaca fuscata

d. Macaca fasicularis

2. What type of modality produced the image below?


a. PET

b. CT

c. MRI

d. X Ray

ANSWERS
1. b; a. Pigtail macaques, c. Japanese macaques, and d. Long-tailed or cynomolgus macaques

2. c
Lang et al. Adenocarcinoma of the Ileocolic Junction and Multifocal Hepatic Sarcomas in an Aged Rhesus Macaque (Macaca mulatta), pp. 361-366
Domain 1, Task 3 - Diagnose disease or condition as appropriate 

Primary Species: Macaques (Macaca spp.)

SUMMARY: This case report discusses a 23.7 year old male Rhesus macaque that presented with weight loss, decreased appetite and decreased interest in behavioral testing. Initial physical exam under sedation revealed pale mucous membranes and a decreased BCS of 1.5/5. CBC revealed a regenerative, microcytic, hypochromic iron-deficiency anemia with thrombocytosis. Serum chemistry revealed elevated CK, LDL, decreased serum iron, hypoalbuminemia and hyperphosphatemia. A fecal occult blood test was positive and serology was positive for Epstein-Barr, simian virus SA11, simian vacuolating virus 40, B virus and foamy virus. Abdominal radiographs 2 weeks later showed hepatomegaly and abdominal US found numerous hepatic masses and associated blood flow with Doppler. The patient declined over the next week and was euthanized before US-guided biopsy could be performed. 

 

Pertinent gross findings on necropsy included 18 discrete white masses scattered throughout the hepatic parenchyma, a thickened ileocolic junction and diffuse black-mesh coloration to the lungs. Histopathology revealed a tubular scirrhous adenocarcinoma of the ileocolic junction with invasion of the mucosa, submucosa, muscularis and tunica muscularis. Liver histopathology showed neoplastic polygonal cells and positive immunohistochemical staining for vimentin and cytokeratin was consistent with a tumor of mesenchymal origin. 75-90% of tumor cells were also IHC positive for cytokeratin which stains structural components of epithelial cells. The authors classified that these hepatic tumors were undifferentiated sarcomas with epithelial differentiation. Neoplastic cells in the lumen of a large intestinal artery were suggestive of early metastasis, but the liver sarcoma and ileocolic adenocarcinoma were concluded to be two separate primary neoplastic processes. 

 

QUESTIONS
1. 
Neoplasias associated with iron-deficiency anemia include all of the following except:
a. 
Lymphoma

b. 
Gastric carcinoma

c. 
Transitional cell carcinoma

d.  
Leiomyoma

e. 
Leiomyosarcoma 
2. 
Which of the following is false about immunohistochemical assays?
a. 
Cytokeratin AE1/AE3 is expressed in epithelial cells

b.  
Vimentin is expressed in cells of mesenchymal origin

c. 
Smooth muscle actin is expressed in smooth muscle cells, myoepithelial cells, pericytes and some stromal cells

d.  
CD31 is expressed on cells of neuronal origin

e.  
Desmin is expressed in striated and smooth muscle cells 
3. 
Differentials for hepatic neoplasia include
a. 
Hepatocellular carcinoma

b. 
Adenocarcinoma

c.
Neuroendocrine tumors

d. 
Smooth muscle tumors

e.  
All of the above  

 

ANSWERS 
1.
c

2.
d

3.
e
Leblanc et al. Brain Abscess in a Rhesus Macaque (Macaca mulatta) with a Cephalic Implant, pp. 367-372
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions; T3. Diagnose disease or condition as appropriate, and T4. Treat disease or condition as appropriate 

Primary Species: Macaques (Macaca spp.)

SUMMARY
Case Report:  Brain abscess is a serious, potentially fatal condition in both humans and nonhuman primates.  The causes of a brain abscess are numerous: direct implantation of an infectious organism, spread of infection from an adjacent structure, or hematogenous spread.  As many as 20-30% of cases in humans have no obvious or identified cause.  A brain abscess can be difficult to diagnose, given its nonspecific and variable presentations.  In this case, an adult (17 y) rhesus macaque had surgery (craniotomy) to implant a recording chamber over the middle temporal area.  The animal had been implanted 9 years prior, used in experimental  protocols, then had the implant removed. The animal also had a history of recurrent tooth root abscesses, which were all treated.  The animal recovered from surgery slowly, and two weeks after the surgery, the animal presented with acute vomiting.  The team treated with antibiotics and supportive therapy. Additional diagnostics were performed to rule out other GI disease, including endoscopy and radiography.  The radiographs showed distention of the cervical esophageal. The authors determined this was an incidental finding. The animal recovered and was normal for 3 wks.  The animal then presented again with acute vomiting and no other clinical signs, then quickly crashed in the next 24 -48h. The animal was humanely euthanized. 

On necropsy, a brain abscess was discovered under the recording chamber. Aerobic cultures taken from the brain showed abundant growth of β-hemolytic Streptococcus spp., Corynebacterium spp., and a few colonies of Serratia marcescens.  The article contains several photos of the gross lesions and histopathology of the lesions.  

This case proved difficult to diagnose, as is often the case with brain abscesses.  Clinical signs in nonhuman primates are often nonspecific, or directly related to the location of the abscess, or mostly associated with the primary pathologic process. Laboratory data may not be useful, as CBC and CSF taps results are often normal.  CSF taps are contraindicated due to the risk of brainstem herniation. The authors speculate that the most probable etiology of the brain abscess in this monkey was the minor dural tear that occurred during surgery. MRI imaging would have been the best method for identifying this disease process ante-mortem. Treatment in humans is usually third-generation cephalosporins, such as ceftriaxone.  However this drug produces significant GI side effects in non-human primates.  Drugs used to best manage this condition in macaques may include the combination of metronidazole with newer fluoroquinolones that possess a broader activity against Gram-negative and positive aerobic bacteria causing meningo-encephalitis, and enter readily into the CSF.

QUESTIONS
1. 
Brain abscess is usually accompanied by which clinical signs? (Choose all that apply) 

a. 
Fever

b. 
Stiff neck and head ache

c. 
Focal neurologic deficits

d. 
Vomiting and nausea

 e. 
Left shift in CBC

2. 
True or False: Third generation cephalosporins like ceftriaxone are the antibiotics of choice for nonhuman primates because of the broad range of effectiveness. 

3. 
What is Dakin solution?

ANSWERS
1. 
c. and d.

2. 
False. These antibiotics cause unwanted GI side effects. 

3. 
0.25-1% sodium hypochlorite, used for wound irrigation[image: image1.png]



