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Carrade and Borjesson. Immunomodulation by Mesenchymal Stem Cells in Veterinary Species, pp. 207-217
SUMMARY: Mesenchymal stem cells (MSC) are adult-derived multipotent stem cells that have been derived from most all tissues. Specifically such cells are capable of adipogenic, chondrogenic, and osteogenic differentiation (trilineage differentiation potential). Recently, it has become apparent that MSC interact with immune cells and can modulate their function. Many of the details of this interaction have been elucidated as it relates to the humans, rats, and mice but not for other species. The clinical use of MSCs in veterinary medicine is increasing and far exceeds the similar use in humans. Accordingly, how the MSCs interact to modulate the function of immune cells in other species has important clinical applications as it relates to the development of novel cell-based therapies in veterinary medicine and may also promote the development of animal models for human disorders. This was a review article summarizing what is known at present outside of rodent species.

The MSCs are present in a multitude of tissues but are usually isolated from adipose tissue, bone marrow, umbilical cord blood, and umbilical cord tissue. They are used clinically both for their anti-inflammatory purposes as well as their ability to aid in tissue regeneration. MSCs are currently used fairly extensively in the field of veterinary medicine at present as a clinical treatment (e.g. cartilage injuries in horses and arthritis in dogs). Autologous and allogenic MSCs are nonimmunogenic. 

MSCs have been shown to inhibit lymphocyte proliferation in multiple animal species. They have been shown to express many soluble immunosuppressive factors and the particular mediators can vary by species and tissue source. There is, at present, a lot we do not know regarding their affect on other facets of the immune system (e.g. B cells, natural killer cells, DCs, neutrophils, etc.). 

Extensive in vitro studies have revealed that MSCs effectively decrease inflammation. However, in vivo data is variable in this respect. There is a lack of standards related to dose, route of administration, tissue source, and measured endpoints which may contribute to this variability. 

Certainly, traditional drug therapy to suppress the immune system (e.g. steroids, cyclosporine) is associated with several undesirable side effects and immune modulation by way of MSCs may prove to be a better alternative. They may also be used as an adjunct in combination with traditional methods used to suppress the immune system (thereby lowering dose needed of traditional meds). 

Risks associated with use of MSCs are and need to be continually assessed (e.g. their harboring of infectious agents, potential tumor formation, inappropriate differentiation).          

QUESTIONS
1. MSCs are adult-derived multipotent stem cells that have been derived from most all tissues in the body but are primarily derived clinically from adipose tissue, bone marrow, umbilical cord blood, and umbilical cord tissue. T or F

2. MSCs have trilineage capacity T or F

3. Autologous and allogenic MSCs are nonimmunogenic. T or F

ANSWERS
1. T

2. T

3. T

Mouse Models

Bailey et al. Effect of FLT3 Ligand on Survival and Disease Phenotype in Murine Models Harboring a FLT3 Internal Tandem Duplication Mutation, pp. 218-226
Domain 3

Primary Species: Mouse (Mus musculus)
SUMMARY: FLT3 (Fms-like tyrosine kinase 3, aka CD135) is part of the tyrosine kinase class of cell receptors and is a proto-oncogene. Twenty-five percent of patients with Acute Myeloid Leukemia (AML) have internal tandem duplication (ITD, a type of genetic mutation) in the FLT3 gene. ITD mutation leads to constitutive activation of FLT3 and subsequent downstream targets and so ITD mutation is a negative prognostic indicator for AML. FLT3 ligand (FL) binds to FLT3 (protein product of this gene is a receptor) and FL levels are often increased during chemotherapy. The extra stimulation (via increased FL) of the already abnormal, constitutively activated FLT3 gene (via the ITD mutation) makes patients with both features of AML very difficult to treat.

The authors of this paper were interested in the relationship of FL and FLT3 in the pathogenesis of AML and hypothesized that FL knockout would increase the survival of mice with AML. Two mouse models of AML were used. The first model, FLT3 ITD/ITD FL +/+, develop a fatal myeloproliferative neoplasia akin to AML. These animals were compared to a FL knockout, FLT3 ITD/ITD FL -/-. The authors also studied a second fusion mouse model, NUP98-HOX13 (NHD13) FLT3 ITD/wt FL +/+, which incorporates an additional fusion gene, NHD13. These mice develop a more aggressive leukemia with a shortened latency. They were compared to an FL knockout, NUP98-HOX13 FLT3 ITD/wt FL -/-. FL knockout associated with the first model (FLT3 ITD/ITD FL -/-) increased survival as compared to the FL wild-type mice (232d compared to 172d) although the disease phenotype did not change. Knockout of FL in the second model (NUP98-HOX13 FLT3 ITD/wt FL -/-), however, did not increase survival in mice with a more aggressive form of AML (median survival 98d).

QUESTIONS
1. 
Decreased FLT3 ligand (FL) levels have what effect on the disease outcome in FLT3 ITD/ITD FL -/- mice?

a. 
Better prognosis (survival advantage)

b. 
Worse prognosis (survival disadvantage)

c. 
Prognosis is not effected (no effect on survival)

2. 
Internal Tandem Duplication (ITD) mutation has what effect on the FLT3 gene?

a. 
Mutation is part of a non-essential intron region and has no measurable effect

b. 
Leads to silencing of FLT3 gene

c. 
Creates defective protein product which has decreased affinity for its natural ligand

d. 
Causes constitutive activation of FLT3 gene 

3. 
Knock out of the FLT3 ligand (FL) in NUP98-HOX13 (NHD13) FLT3 ITD/wt mice had what effect on survival as compared to the FL wild type NUP98-HOX13 (NHD13) FLT3 ITD/wt mice?

a. 
Better prognosis (survival advantage)

b. 
Worse prognosis (survival disadvantage)

c. 
Prognosis is not effected (no effect on survival)

4. 
The presence FLT3 ligand (FL) (aka FL wild type) affected the disease phenotype of which of the transgenic models?

a. 
FLT3 ITD/ITD mice

b. 
NUP98-HOX13 (NHD13) FLT3 ITD/wt mice 

c. 
Both FLT3 ITD/ITD and NUP98-HOX13 (NHD13) FLT3 ITD/wt mice

d. 
None of the models were affected

ANSWERS
1. 
a
2. 
d
3. 
c
4. 
d

 

Dobek et al. Mouse Model of Muscle Crush Injury of the Legs, pp. 227-232

Domain 3: Research; T2: Advise and consult with investigators on matters related to their research; K3: animal models (spontaneous and induces) including normative biology relevant to the research; K12: Replacement, Reduction and Refinement techniques
Primary Species: Mouse (Mus musculus)

SUMMARY: This paper describes a new, or a refinement of, an animal model of muscle crush injury. Previous mouse models involved surgery or dropping a weight onto the leg of a mouse. The technique reported in this paper involved an anesthetized mouse being placed in a device that utilized a piston to deliver a specific and target force to a muscle for 30 seconds. Buprenorphine was administered to the mice before and after the injury, and the mice were allowed to recover for 24 or 48hrs, at which point the mice were euthanized, and tissues were collected for examination. Muscles were examined grossly and microscopically. Immunolabeling was performed on the muscle tissue to interrogate the leukocyte response.
Mice exhibited normal gait during injury recovery. Gross examination of mice at necropsy showed 10% of mice had bone fractures (compared with 27% reported in the weight drop model). Histologically, neutrophils were seen to invade damaged tissue within 24 hrs, and then to decrease in numbers by 48hrs. Macrophages trailed neutrophil invasion.

QUESTIONS
1. What is one advantage of the piston muscle crush model over the weight drop model?

a.  
Decreased cost (time and money)
b.  
Decreased incidence of bone fractures

c. 
Increased macrophage response

d. 
None of the above

2.  
In the surgical model of muscle crush injury, an incision is made to isolate the muscle in a hind limb for the crush injury. In addition to a control hind limb, that receives no crush injury, a sham surgery must be performed on another hind limb to identify surgery effects versus crush injury effects. In the piston model, no sham surgery is required; therefore an additional hind limb is not needed for the experiment. Fewer animals required for the experiment is an example of ___.

a.  
Replacement

b.  
Reduction

c.  
Refinement

3. 
T/F. In the muscle crush injury model, neutrophil invasion precedes macrophage invasion into damaged tissue. 

 

ANSWERS
1. 
b
2. 
b
3.  
T

 

Perez et al Effects of Chemically Induced Ovarian Failure on Voluntary Wheel-Running Exercise and Cardiac Adaptation in Mice, pp. 233-243

Domain 3

Primary Species: Mouse (Mus musculus)
 

SUMMARY: Female C57BL6 and B6C3F1 mice were treated with 4-vinylcyclohexine diepoxide (VCD), which selectively accelerates the loss of primary and primordial follicles and results in a state that mimics human menopause more closely than models involving acute loss of estrogen such as ovariectomy. In consideration of the effects of menopause on cardiovascular and metabolic status, this study compares exercise performance, cardiac adaptation and cellular adaptation between VCD-treated and control mice.  

 

Estrogen depletion by VCD treatment did not alter voluntary wheel running exercise, which is in contrast to previous studies using ovariectomized mice.  In addition, treadmill-exercise capacity did not differ between VCD-treated and control mice.  Exercise-induced cardiac hypertrophy did not differ between groups. 

 

5’ AMP-activated protein kinase (AMPK) is an enzyme involved in the maintenance of skeletal and cardiac muscle energy balance during exercise. Previous studies have shown that estradiol directly activates AMPK activity in vitro and in vivo, and postmenopausal women display increase adiposity and a predisposition to metabolic syndrome consistent with a decrease in AMPK signaling. Results of this study indicated a reduction in AMPK-dependent target activation in hearts from VCD-treated mice.

 

QUESTIONS
1. 
Which of the following stains serves to visualize collagen?

a.
Congo red

b. 
Hematoxylin and Eosin

c. 
Picrosirius red

d.  
Nissl

2.  
Ovariectomy and treatment with 4-vinylcyclohexine diepoxide  (VCD) are two methods used in female mice to model which condition in women?

a. 
Pregnancy

b. 
Puberty

c.  
Estrus

d.
Menopause

 

ANSWERS
1. 
c

2. 
d

 

Rat Model

Shuster et al. Prothrombotic Effects of Thrombolytic Therapy in a Rat (Rattus norvegicus) Model of Venous Thrombolysis, pp. 244-251
Domain 3
Primary Species: Rat (Rattus norvegicus)
 

SUMMARY: Deep vein thrombosis (DVT) is part of a disease condition known as venous thromboembolism that can lead to chronic venous insufficiency, postthrombotic syndrome, and recurrence of thrombosis.  The number of new cases reported in the US has not changed appreciably over the years and continued research is needed to prevent the previously cited sequelae after treatment.  Treatment typically comprises of standard anticoagulant therapy or the alternative catheter-directed treatment method.  The goal of treatment is to restore vessel patency and prevent valvular damage.  Common thrombolytic agents include tissue plasminogen activator (tPA), urokinase plasminogen activator (uPA), and streptokinase with recent interest in the use of plasmin directly instead of activators.
In addition to the direct effects of DVT, inflammation also plays a role in the progression of the disease, making it an important treatment target.  Soluble plasma P-selectin and complement components (such as C3) have been implicated in impeding successful therapy due to their prothrombotic actions.  Specifically, P-selectin has been documented as a useful biomarker of thrombosis in humans, as well as, an investigative target for inhibitor treatment for DVT.

The authors used a rat model of DVT and subsequent thrombolysis to determine whether thrombolytic agents create a prothrombotic environment.  Using a modified inferior vena cava (IVC) ligation stasis model the authors were able to successfully create thrombosis and administer thrombolytic agents via a catheter-directed regimen.  Agents studied included tPA, plasmin, or saline control.  Data collected included weight of the thrombus, coagulation parameters, and levels of inflammatory blood markers including multiple components of the compliment cascade and soluble P-selectin.  Results showed that there were no differences in activation of the systemic compliment cascade components among treatment groups.  However local deposition of the C3 component was noted in all of the thrombi regardless of treatment group.  Soluble P-selectin was elevated at 24hrs in the plasmin treated group and coincided with an increased IVC+thrombus weight.  Finally, no differences in coagulation or hematologic parameters were noted.  The authors concluded that their results (increased soluble P-selectin levels and increased thrombus weight) showed plasmin may actually lead to a prothrombotic environment despite the advantage of being a readily active thrombolytic agent.

 

QUESTIONS

1. 
T/F. Soluble P-selectin has been shown to be a biomarker for thrombosis.

2. 
T/F. Both chronic venous insufficiency and postthrombotic syndrome are serious sequelae to DVT.

3. 
T/F. Soluble P-selectin inhibitors are being evaluated as treatment options for patients with DVT.

 

ANSWERS

1. 
T

2. 
T

3. 
T

Rabbit Model

Yee et al. Transient Lipopolysaccharide-Induced Resistance to Aerosolized Bacillus anthracis in New Zealand White Rabbits, pp, 252-261
Domain: 3: Research T1-3

Primary Species: Rabbit (Oryctolagus cuniculus)

SUMMARY: Aerosolized spores of Bacillus anthracis (gram negative bacteria) are a potential agent of bioterrorism associated with high mortality rates. Identification of treatments for symptomatic anthrax in nonvaccinated persons is crucial. Rabbits are sensitive to anthrax, although the disease progresses more rapidly in them than humans. They are predictive of the outcome of inhalational anthrax in primates making them a valuable animal model to evaluate vaccine and treatments. Differences in survival time of rabbits after lethal challenge with B. anthracis spores has been observed possibly due to differences in sources (conventionally sourced-not certified free of Bordetella and Pasteurella vs. Bordetella-free, Pasteurella-free SPF rabbits). Differences in anthrax survival due to source have been previously reported in rats. Stimulation of innate immunity with aerosolized bacterial lysate in mice protected against exposure from pathogens (B. anthracis, Yersinia pestis and Francisella tularensis), possibly due to activation of protective pathways. Nosocomial infection with Serratia marcescens (gram negative bacteria) induced a protective effect in African green monkeys challenged with B. anthracis. Prior bacterial infection or pretreatment with bacterial LPS has induced nonspecific (innate) resistance to subsequent infections by gram-negative and positive pathogens. LPS is part of the outer cell wall of gram negative bacteria and causes inflammation. 
This study evaluated whether underlying inflammation increased resistance to inhalational B. anthracis infection in SPF NZW rabbits. Animals were pretreated (24 hrs pre) with LPS then exposed to aerosolized B. anthracis spores. LPS-induced activation of the immune system in healthy SPF New Zealand white rabbits lead to temporary host resistance to B. anthracis infection. LPS pretreatment delayed onset of inhalational anthrax and prolonged survival after B. anthracis exposure. LPS exposure did not prevent a lethal outcome or standard pathology of the disease. Activation of the innate immune system may be useful for delaying onset of anthrax when treatment is not immediately available. This study also emphasizes the importance of animal health status (SPF) in identify confounding variables in studies characterizing infectious disease and evaluating potential therapies and preventative measures

QUESTIONS
1. Which two bacteria are conventional rabbits commonly colonized with?

a. Bordetella and E. coli
b. Bordetella and Chlamydia

c. Pasteurella and Bordetella

d. Pasteurella and E. coli

2. True/False: Rabbits pretreated with LPS are more likely to survive a challenge with inhalational anthrax. 

3. True/False: Prior or underlying stimulation of the innate immune system significantly delays the onset of inhalational anthrax in New Zealand White rabbits. 

ANSWERS
1. 
c

2.
False

3. 
True

Nonhuman Primate Models 

Rice et al. Diagnosis of Amyloidosis and Differentiation from Chronic, Idiopathic Enterocolitis in Rhesus (Macaca mulatta) and Pig-Tailed (M. nemestrina) Macaques, pp. 262-271

Domain 1, T3
Primary Species: Macaques (Macaca spp.)
 

SUMMARY: Amyloidosis is a progressive, ultimately fatal disease characterized by the deposition of amyloid protein in multiple organs.  This disease occurs spontaneously in humans, mammals, birds and reptiles and secondary systemic amyloidosis, also known as reactive amyloidosis is the most common form in domestic animals.  In nonhuman primates, the disease is correlated with several conditions of chronic infection or inflammation such as enterocolitis, parasitism, rheumatoid arthritis, and others. 
Amyloidosis is a challenging disease to diagnose, despite its high prevalence (30% in rheusus and 47% in pig-tailed macaques).  The current gold standard is histopathology of the affected organ, but amyloid deposition in tissues can occur up to 3 years prior to clinical signs.  This leads to the diagnosis of amyloidosis commonly occurring only at the time of necropsy. In humans minimally invasive biopsy techniques and serum amyloid A (SAA) measurements are commonly used to diagnose the disease.

This study tested whether SAA levels in macaques could be used to detect amyloidosis in conjunction with minimally invasive biopsies and whether amyloidosis could be differentiated from chronic enterocolitis.  Necropsies were reviewed for animals that were diagnosed with amyloidosis or chronic, idiopathic entercolitis and banked serum was tested for SAA from these animals.  Minimally invasive biopsies were conducted on live macaques with at least a one year history of signs suggestive of amyloidosis or chronic, idiopathic enterocolitis.  These biopsies were used to diagnose chronic, idiopathic enterocolitis or amyloid deposition.  SAA levels were then measured in those biopsied animals to correlate the SAA levels to the diagnosed disease.

SAA levels were found to be elevated in macaques with amyloidosis as compared to normal macaques, as well as when compared to macaques with chronic, idiopathic enterocolitis.  This study also demonstrated the usefulness of minimally invasive biopsy techniques in the antemortem diagnosis of amyloidosis and chronic, idiopathic enterocolitis.

QUESTIONS
1. True/False. Amyloidosis can reliably be diagnosed from changes in typical clinical pathology parameters.
2. Serum amyloid A (SAA) is typically  __________ in macaques with amyloidosis vs. macaques with chronic enterocolitis.
a. 
Elevated 
b. 
Decreased
c. 
The same as
d.
 None of the above
3. True/False. Minimally invasive biopsies can be used to confirm the diagnosis of chronic enterocolitis.
 

ANSWERS
1. 
False
2.
a
3. 
True
 

Hirai-Yuki et al. Isolation and Characterization of Toxigenic Corynebacterium ulcerans from 2 Closed Colonies of Cynomolgus Macaques (Macaca fascicularis) in Japan, pp. 272-278

Domain 1, Task 3

Primary Species: Macaques (Macaca spp.)

 

SUMMARY: Corynebacterium ulcerans is a widely distributed bacterial species that can harbor the diphtheria toxin gene and infect the upper respiratory tract and skin.  It can cause zoonotic infections in a broad range of hosts.  Both nontoxigenic and toxigenic C. ulcerans have been isolated from the respiratory tract and skin of NHPs.  Toxigenic C. ulcerans has been recovered from various locations of Macaca spp. concurrent with disease processes.  The present study investigated the prevalence of toxigenic C. ulcerans in M. fascicularis from 2 closed breeding colonies from 2 separate institutions in Japan.  Animals were allowed to acclimate for 1 week prior to beginning the study, and the 2 populations were housed within the study institution at different times to prevent cross-contamination.  

 

Methods:  68 cynomolgus macaques (47 from colony A, 21 from colony B; 62 total male, 6 female; aged 1-5yrs) had pharyngeal swabs collected for bacterial analysis, and antitoxin titers were evaluated from stored serum samples collected during a 3 week quarantine period.  

 

Results:  Thirty one isolates of C. ulcerans were identified from 22 of 47 (47%) pharyngeal samples from macaques in colony A and from 9 of 21 (43%) samples from macaques in colony B despite no animals showing clinical signs.  Results from PCR analysis, the Elek test, and a Vero cell cytotoxicity assay revealed that 9 isolates (3 or 6% from colony A, and 6 or 29% from colony B) expressed diphtheria toxin.  All animals harboring toxigenic strains of C. ulcerans showed detectable levels of diphtheria antitoxin.  Diptheria antitoxin was also present in the sera of 8 macaques of colony A and 1 macaque from colony B that were negative for toxigenic C. ulcerans, indicating a prior infection.  

 

QUESTIONS
1.
T or F. Toxigenic isolates of C. ulcerans are more divergent than nontoxigenic isolates.

2.
Diptheria antitoxin was seen in the following animals:

a. 
Only animals harboring toxigenic strains of C. ulcerans
b. 
Only animals that were negative for toxigenic C. ulcerans
c.  
Both animals harboring toxigenic strains and animals that were negative for toxigenic C. ulcerans              

 

ANSWERS
1.
False – Nontoxigenic isolates were clearly distinct from toxigenic isolates, and were more divergent.  The full-length nucleotide sequences of toxigenic isolates were identical, and differed from a human strain by only a single nucleotide, showing that the tox gene appears to be highly conserved.  

2.
c
 

Knowlen et al. Hypertrophic Cardiomyopathy in Owl Monkeys (Aotus spp.), pp. 279-287

Domain: 1. T3

Tertiary Species: Other Nonhuman Primates
SUMMARY: Owl monkeys (Aotus spp) are neotropical monkeys most commonly maintained and used as NHP models for the study of human malaria. Authors found gross evidence of myocardial hypertrophy in approximately 40% of Aotus monkeys dying from all causes in a research colony (both colony-born and wild caught). In most cases disease was found to be subclinical until advanced. The present study obtained physical examinations, echocardiograms (echos), electrocardiograms (ECG’s) and thoracic radiographs in the aforementioned colony in order to assess the usefulness of these modalities for antemortem diagnosis. No single modality was found to be sufficiently sensitive and specific to detect all animals with cardiac hypertrophy. 

Physical examinations were used to monitor signs of cardiac insufficiency (murmur, arrhythmia, lethargy, depression, ascites, anorexia). Echo examinations measured the following variables at end diastole:  left ventricular (LV) free wall thickness, interventricular septal thickness, LV chamber diameter. Values calculated from the echo data were: percentage fractional shortening, ratio of average LV wall thickness to LV chamber radius and LV myocardial mass. 6-lead ECG was used to determine mean electrical axis in the frontal plane, otherwise lead II was used to assess electrical activity. Thoracic radiology was used to evaluate cardiac silhouette enlargement, vertebral heart scale and pulmonary changes suggestive of CV disease. 

ECG was found to be the least sensitive for the detection of hypertrophic cardiomyopathy (HCM), and although thoracic radiology was more sensitive in the detection of HCM, it was unable to detect concentric HCM were the cardiac silhouette was not enlarged. Echo was the single most sensitive method for identifying cardiac hypertrophy, allowing the detection of statistically significant differences between clinically normal and abnormal animals. The most useful echo parameters were found to be an increased average LV wall thickness to chamber radius, calculated LV myocardial mass and decreased average ratio of LV free wall thickness to LV chamber radius. When all 4 diagnostic modalities (PE, ECG, Echo, thoracic radiology) were used concurrently, the probability of detecting HCM increased greatly. 

QUESTIONS
1. What is the single most sensitive modality for the detection of hypertrophic cardiomyopathy in Owl Monkeys ?

a. ECG

b. Echocardiography

c. Physical examination

d. Thoracic radiology

2. What research model are Owl monkeys (Aotus spp) most commonly used in ?

a. Glomerulonephritis

b. Hypertrophic cardiomyopathy

c. Malaria

d. Leishmaniasis

ANSWERS

1. 
b

2.
c

d’Offay et al. Simian T-lymphotropic Virus-Associated Lymphoma in 2 Naturally Infected Baboons: T-Cell Clonal Expansion and Immune Response during Tumor Development, pp. 288-294

SUMMARY: The study characterized two cases of Simian T-lymphotropic Virus type-1 (STLV1) associated lymphoma – leukemia occurring in two young baboons that developed lymphoma within 4-5 years of STLV1 infection. The two young baboons were euthanized due to chronic respiratory disease that was unresponsive to treatment. In both cases the diagnoses was confirmed through inverse PCR (IPCR) that detected monoclonally integrated STLV1 provirus in cellular DNA extracted from lymphoma tissue and peripheral blood cells. One dominant STLV1-infected T-cell clone and 3 minor clones were detected in PBC of each baboon. Using archived peripheral blood cell DNA and primers within the proviral genome and chromosomal DNA flanking the STLV1 integration sites in PCR analyses, the group determined that the dominant clone in one baboon had first approximately 8 months after infection and had circulated 4 years before clinical disease developed. Both baboons had been enrolled in an unrelated vaccine study while juveniles (12 and 18 months of age) and became infected with STLV1 soon after reaching sexual maturity at 3 -4 years of age (at about 6 months of reintroduction to group housing). ELISA testing of archived serum revealed that both baboons seroconverted to the p19 and p24 gag proteins and the envelope gp46 proteins but not the viral tax protein. Titers to p24 and gp46 proteins rose significantly after infection and remained relatively constant until death, whereas titers to p19 increased with time. Although spontaneous STLV1-associated lymphomas have been described in baboons, the STLV1-associated lymphomas described in the study occurred in 2 relatively young baboons, both of whom had become infected with STLV at 3-4 years of age and developed lymphoma within 5 years of infection. 

QUESTIONS
1. What is a Lymphoma: 

2. True or False: STLV1-associated lymphoma in NHPs is a neoplasm arising from the clonal expansion of at least one malignant STLV1-infected transformed T-cell and most T-cells infected with STLV1 in vivo harbor only one copy of the provirus. 

3. True or False: Most NHPs with STLV1 remain asymptomatic; however 20-30% of baboons develop STLV1 –associated lymphoma-leukemia. 

ANSWERS:
1. Lymphomas are the most common malignancy reported in NHPs including baboons. This is a type cancer arising in from the lymphatic system. Occurs when B or T lymphocytes that form a part of the immune system and help protect the body from infection and disease, divide faster than normal cells or live longer than supposed to. 

2. True. 

3. False. Only 1-2 % of NHPs / baboons develop STLV1 associated lymphoma-leukemia. 

