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Mouse Models

Seidlova-Wuttke et al. Long-Term Effects of Ovariectomy on Osteoporosis and Obesity in Estrogen-Receptor-β-Deleted Mice, pp. 8-13

Task Designation: Domain 3: Research

T2: Animal models

SUMMARY: Estrogens are necessary for maintenance of normal bone homeostasis. Depletion of estrogen often results in severe osteoporosis. The removal of estrogenic signaling by ovariectomy causes obesity. BERKO mice are estrogen receptor beta knockout mice. Using quantitative computed tomography, various parameters of the metaphysis of the tibia, body weight, and estrogen-regulated fat in sham-ovariectomized and ovariectomized BERKO and wild type mice were measured.

Findings:

· Ovariectomized wild type mice gained body weight and their fat depot increased in size within 2 months after ovariectomy.
· Obesity developed later in ovariectomized BERKO mice, which became significantly heavier than their wild type counterparts.

· Ovariectomized wild type mice lost trabecular density more rapidly than did ovariectomized BERKO mice, which did not show similar loss in trabecular density until at least 7 months after ovariectomy.
· At the latest studied time point (9 mo after surgery), tibia cortical area was significantly larger in ovariectomized BERKO mice than ovariectomized wild type mice.

· The absence of estrogen receptor beta in ovariectomized BERKO mice during the first 3 to 5 mo after ovariectomy had protective effects against obesity and trabecular rarification; this protective effect disappeared at later time points.

QUESTIONS:
1. 
What are the two most important cell types for bone homeostasis? What are their roles?

2. 
Name the two estrogen receptors that have been cloned.

3. 
What condition does the removal of estrogenic signaling by ovariectomy cause in both humans and rodents?

ANSWERS:

1. 
Osteoclasts – bone-resorbing; osteoblasts – bone forming 
2. 
ER alpha and ER beta 
3. 
Obesity

Johnson et al. Effect of Chemokine Receptor CX3CR1 Deficiency in a Murine Model of Respiratory Syncytial Virus Infection, pp. 14-20

Primary Species:  Mouse (Mus musculus)

SUMMARY: Respiratory syncytial virus (RSV) is the most common cause of serious lower respiratory illness in infants and young children worldwide, making it a high priority for development of strategies for prevention and treatment.  The RSV G protein binds through a CX3C chemokine motif to the host chemokine receptor, CX3CR1.   They examined the contribution of CX3CR1 to the immune response to RSV infection in mice.  CX3CR1 receptor is specific for fractalkine.  Fractalkine is associated with innate and inflammatory responses promoting adhesion and chemotaxis of CX3CR1-expressing cells, such as monocytes, macrophages, cytotoxic T cells, and natural killer cells.  They hypothesized that CX3CR1 deficiency affects the recruitment and trafficking of immune cells to the lungs of RSV-infected mice, potentially altering the antiviral response.  C57BL/6, BALB/c, and CX3CR1 (on C57BL/6 background) were infected intranasally with RSV at 6-8 weeks old.  Mice were euthanized at 0 to 7 days after infection.  Bronchoalveolar lavage was used to collect leukocytes.  Concentrations of IL4, IFNg in the BAL supernatant were detected by ELISA.  Lungs were homogenized and RT-PCR was performed for RSV matrix gene and CX3CR1 gene.  Spleens were harvested and cells were loaded into a modified Boyden chamber for chemotaxis assay.   CXCR1-deficient mice showed an impaired innate immune response to RSV infection, characterized by substantially decreased natural killer, CD11b+, and polymorphonuclear cell trafficking to the lung and reduced IFNg production compared with those in wild type mice.  Leukocytes from CX3CR1-deficient mice were poorly chemotactic toward RSV G protein and CX3CL1.  
QUESTION:  
1. Which of the following strains is a well-characterized model for RSV infection?

a. C57BL/6

b. BALB/c

c. C3H

ANSWER: 
1. b
Carpenter et al. Effects of Exercise on Weight Loss and Monocytes in Obese Mice, pp. 21-26

Primary Species:  Mouse (Mus musculus)

Domain 3:  Research

SUMMARY: Mouse models for treating dietary induced obesity (DIO) can be used to test various types of exercise that could be used for treating humans.  Obesity is known to cause innate immune dysfunction.  Weight loss from a combination of caloric restriction and exercise is the most effective treatment of obesity.  There is speculation that forced exercise may cause psychological stress, negating the anti inflammatory effects of exercise.  The Toll like receptor (TLR) pathway is a mediator of the innate immune response and systemic inflammation.  Monocyte concentration and functional receptor expression can also be different in states of inflammation.  High fat diets have been shown to lead to increased numbers of TLR2 and TLR4 on monocytes, along with increases in blood fatty acids and hyperglycemia.  Co stimulatory molecules CD80 and CD 86, located on antigen presenting cells, are also part of the inflammatory process, and have been shown to increase in state of inflammation and decrease after an anti inflammatory process such as exercise.  

This paper compared the expression of TLR 2, TLR 4, CD80 and CD86 in dietary induced obesity CD 1 male mice in four groups:  Voluntary wheel running (VEX), forced treadmill running (FEX) and sedentary (S) groups, as well as a non DIO control with normal exercise (CN).  Male mice were 64-66 weeks of age at time of treatment (after having been fed a high fat/high calorie diet for 12 months, starting at age 12-14 weeks).  At the start of the exercise phase, the mice were given a low fat diet.  Body weight and food intake were measured weekly.   Mice ran for 60 minutes, 5 days a week, during the first 2 hours of the dark cycle.  The voluntary exercise group had 24 hour access to an exercise wheel, which was connected to a computer that recorded the time of day and number of wheel rotations. Flow cytometry was used to analyze monocyte concentration and cell surface expression of TLR2, TLR4, CD80 and CD 86.  

Results: During the exercise phase, caloric intake did not differ statistically between the groups.  The VEX mice ran significantly farther than the FEX mice.  The VEX had 60 to 78 % less TLR2 expression than the other three groups at week 8.  The VEX group also had 130% lower level than then in the control group, and 88 % lower level than in the forced exercise group.  Compared with forced exercise, voluntary exercise caused greatest reductions in body weight, and TLR2 and TLR4-cell surface expression in monocytes.  No treatment specific improvements in monocyte CD 80 or CD 86 expression were found. 

QUESTIONS: 

1. True/False. Toll-like receptors are mediators in the innate immune response and systemic inflammation. 

2. 
True/False.   Weight loss and a decreased inflammatory status were found as a result of voluntary exercise in male obese CD1 mice.  

3. 
Which group in the intervention groups lost the most weight? 

ANSWERS: 

1 
True

2. 
True

3. 
The voluntary exercise group. 

Matthias et al. Multiple Cystic Sweat Gland Tumors in Transgenic Mice, pp. 27-30
Primary Species:  Mouse (Mus musculus)

SUMMARY The authors describe gross and microscopic sweat gland tumors in a transgenic mouse model of breast cancer, which had transforming growth factor alpha under the control of mouse mammary tumor virus promoter (MMTV-TGFalpha).  Initially 20% of the colony was affected, however the next 6 months, the incidence increased to 52%.  Cystic lesions formed on the phalanges, palmar surfaces of the metacarpals, and plantar surfaces of the metatarsals.  Histologically, in most cases the cyst walls were lined by 1 or 2 layers of normal-appearing epithelial cells that resembled basal cells, indicating adenoma. However, 2 cysts from 2 different mice had papillary proliferative projections and extensive disorganized glandular structures that protruded into the cyst cavities, indicating adenocarcinoma.

QUESTIONS:

1. 
What are two types of sweat glands?

2. 
What is an important role of apocrine sweat glands in hoofed animals?

3. 
Where are eccrine sweat glands located in rodents?

4. 
Transgenic mice with MMTV-TGFα are used to study what type of cancer?

ANSWERS:

1. 
Two types of sweat glands are apocrine and eccrine sweat glands.

2. 
Apocrine sweat glands are the primary sweat glands for cooling in hoofed animals.

3. 
Eccrine sweat glands are located exclusively on the digits and footpads of the paws in rodents.

4. 
Breast cancer

Loeffler et al. Development of Antihuman IgG Antibodies and Hematologic Deficits but Not Clinical Abnormalities in C57BL/6 Mice after Repeated Administration of Human Intravenous Immunoglobulin, pp. 31-36

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

Primary Species: Mouse (Mus musculus)
SUMMARY: Intravenous immunoglobulin (IvIg) preparations are used to treat a number of diseases in humans, but little is known about their exact mechanism of action.  In addition, serum sickness, a type III hypersensitivity reaction, can occur in humans and animals after exposure to xenogeneic proteins, so the authors wanted to see if intraperitoneal injection of IvIg in C57BL/6 mice could induce serum sickness or any other clinical or hematological abnormalities.

Male mice were injected intraperitoneally with IvIg diluted with 5% dextrose once weekly for six weeks.  Prior to, during, and after the experiment, serum was collected for CBC, BUN, creatinine, and anti-human IgG antibody quantification.  At the end of the study, the mice were euthanized, and tissues were collected for routine histopathology.

No mice developed clinical abnormalities that were directly attributable to IvIg administration.  Necropsy and histopathology were within normal limits in all animals.  Mice experienced a transient increase in BUN and ultimate decreases in hemoglobin, hematocrit, and RBC, WBC, lymphocyte, and platelet counts after IvIg administration.  Creatinine levels remained unchanged.  Anti-IgG antibody levels were increased 23-fold on days 21 and 43 compared to pre-treatment levels.  The most prominent change was severe thrombocytopenia (72,000/mm3, normal range 250,000-1,540,000/mm3) on day 43.  In summary, injection of IvIg did not appear to induce serum sickness or any other clinical disease in mice, although several hematologic parameters were affected and an anti-human IgG antibody response was observed.

QUESTIONS:
1.
Which of the following did NOT occur in C57BL/6 mice that were injected intraperitoneally with human intravenous immunoglobulin?

a.  
Transient increase in BUN

b.  
Transient increase in creatinine

c.  
Thrombocytopenia

d.  
Decreased red blood cell count

e.  
Decreased white blood cell count

2.
Serum sickness is a Type ___ hypersensitivity reaction.

a.  
I

b.  
II

c.  
III

d.  
IV

e.  
None of the above

3.  
Which of the following is NOT a factor that affects the severity of serum sickness in humans and animals?

a.  
Antigen size

b.  
Antigen valency

c.  
Antigen:antibody concentration ratio

d.  
Ability of immune complexes to fix complement factors

e.  
None; all of the above are factors that can affect the severity of serum sickness

4.  
What is an established model of serum sickness in mice?

a.  
Repeated injection of bovine serum albumin or chicken egg albumin

b.  
One-time injection of bovine serum albumin or chicken egg albumin

c.  
Repeated transfusions with blood from a littermate mouse

d.
Injections with serum from another mouse after pre-medication with dexamethasone

ANSWERS:
1.  
b
2.  
c
3.  
e
4.  
a

Rat Model

Mendes et al. A Rat Model of Diabetic Wound Infection for the Evaluation of Topical Antimicrobial Therapies, pp. 37-48

Primary Species: Rat (Rattus norvegicus)

SUMMARY: Diabetes mellitus is an epidemic multisystemic chronic disease that frequently is complicated by complex wound infections. Innovative topical antimicrobial therapy agents are potentially useful for multimodal treatment of these infections. However, an appropriately standardized in vivo model is currently not available to facilitate the screening of these emerging products and their effect on wound healing. To develop such a model, we analyzed, tested, and modified published models of wound healing. We optimized various aspects of the model, including animal species, diabetes induction method, hair removal technique, splint and dressing methods, the control of unintentional bacterial infection, sampling methods for the evaluation of bacterial burden, and aspects of the microscopic and macroscopic assessment of wound healing, all while taking into consideration animal welfare and the ‘3Rs’ principle. We thus developed a new wound infection model in rats that is optimized for testing topical antimicrobial therapy agents. This model accurately reproduces the pathophysiology of infected diabetic wound healing and includes the current standard treatment (that is, debridement). The numerous benefits of this model include the ready availability of necessary materials, simple techniques, high reproducibility, and practicality for experiments with large sample sizes. Furthermore, given its similarities to infected-wound healing and treatment in humans, our new model can serve as a valid alternative for applied research.

Abbreviations: DG, dermal gap; DM, diabetes mellitus; EG, epithelial gap; GT, granulation tissue; TAT, topical antimicrobial therapy.

QUESTIONS:

1.
All models of excisional wound healing are based on the same principles: 1-diabetic murine model; 2-hair removal; 3-full-thickness dorsum skin excision; 4-semi-occlusive dressing application; 5-macroscopic and microscopic measurements of wound closure. T or F
2.
What is the main mechanism of wound healing in rodents?

a.
Contraction

b.
Reepithelialization

3.
What method of disinfection is more effective in preventing bacterial colonization?
a.
Washing with sterile saline

b.
Washing with sterile saline followed by 10 min. of 10% povidone-iodine

c.
Washing with sterile saline followed by 10 min. of 10% povidone-iodine and 70% isopropanol

d. 
All of the above

4.
Depilation by using what technique gave the worst hair density and skin damage results throughout the 15 days of experiment.

a.
Straight razor

b.
Depilatory cream

c.
Cold wax

5.
The wound area as (percentage of original wound size) was statistical significant in the control animal compared with the infected animal by a reduction in size of 50%. T of F
6.
The Staphylococcus aureus-inoculated group showed a trend toward increased microbiological load on days 5, 8 and 11 compared with the Pseudomons aeruginosa-inoculated group. T or F.
7.
The epithelial gap and dermal gap areas increased as the granulation tissue area decreased in all groups from day 9 to day 11. T or F
8.
Wounds of infected rats showed significantly less dermal gap area closure than did those of control rats on days 9. Dermal gap closure did not differ significantly between infected groups. T or F
ANSWERS:
1.
T
2.
a
3.
c
4.
a
5.
T
6.
T
7.
F; the opposite is correct
8.
T
Avian Model
Shuster et al. Polytetrafluoroethylene Toxic sis in Recently Hatched Chickens (Gallus domesticus), pp. 49-52

Tertiary Species: Chicken (Gallus domesticus)
 

SUMMARY: Polytetrafluoroethylene (PTFE), commonly called Teflon and used in various products, including nonstick cookware, ironing board covers, and heat lump bulbs; has been reported to produce toxic sis in pet birds. PTFE-coated surfaces begin to emit degradation products in the form of particles and gas. Inhalation of this product by birds can result in different clinical signs, including open-beak breathing, chirping, in coordination, lateral recumbence, convulsions and death. Two groups of chickens (Gallus domesticus; White Leghorn; age, 4 d and 2 wk) housed in a university research vivarium were found dead or moribund. Moribund birds were lethargic and in respiratory distress with open-beak breathing. Necropsies were performed on 7 of the 4-d-old and 4 of the 2wk-old birds. The findings of pulmonary hemorrhage and edema in view of acute clinical history were most consistent with an inhaled environmental toxicant. Acute infectious diseases were dismissed; and environmental and management parameters were verified to be within appropriate limits for avian species. Examination of the heat lamp bulbs in the room at the time of the presenting incident were PTFE-coated, shatter-proof bulbs. All of them were replaced with noncoated bulbs, since then, no similar problems have been identified. Distance from the bulbs, duration of exposure, ventilation, and number of bulbs in the room may contribute to the variations in mortality in cases of heat lamp-associated PTFE-toxicosis.

 

QUESTIONS:

1. 
T or F. The most common pathologic lesion produced by PTFE toxicosis is severe, extensive, necrotizing and hemorrhagic pneumonitis and edema.

2. 
T or F. PTFE toxicosis in humans is not seen as frequently as in birds because of anatomic differences. 

 

ANSWERS:

1.  
T

2.   T

Nonhuman Primate Models
Toyoshima et al. Differentiation of Neural Cells in the Fetal Cerebral Cortex of Cynomolgus Monkeys (Macaca fascicularis), pp. 53-60

Primary Species: Macaques (Macaca spp.)
SUMMARY: In the current study, authors investigated the proliferation, differentiation, and distribution of apoptosis of neural cells in the fetal brain, especially the cerebral cortex, of cynomolgus monkey at different developmental stages using histopathologic analysis, immunohistochemistry, and TUNEL method. In addition, authors investigated the involvement of microglial infiltration in the removal of apoptotic cells from the fetal monkey brain. Proliferation and programmed cell death are important in the formation of morphologic structures and functional activity during CNS development. At embryonic day (E) 50 and E80, the neuroepithelium contained many mitotic cells. Cells staining for PCNA (a nuclear marker of proliferating cells) were prominent in the proliferative zone, whereas cells positive for NeuN (a neuron-specific marker) were absent. GFAP staining for glial cells was positive in the neuroepithelium and radial glial fibers. Iba1-positive cells (that is, macrophages and microglia) were distributed throughout all regions at all time points but accumulated especially in the ventricular zone at E80. The aggregated microglial cells may be involved with the disappearance of temporary structures in the developing brain, such as the subventricular and subplate zones, because the subventricular zone declines dramatically between mid- and late gestation. Apoptotic morphology (at E80) and TUNEL-positive cells (that is, containing DNA fragmentation; at E50 and E80) were observed. Histologically, the cerebral cortex at E120 and E150 consisted of 6 layers. At E120 and E150, most PCNA-positive cells were in the ventricular zone, and NeuN-positive cells were prominent in all layers except layer I-II at E120. GFAP immunoreactivity was detected mainly in cells with fine processes in the white matter. Neither apoptosis nor TUNEL-positive cells were detected at either E120 or E150. These results suggest that proliferation, migration, and neural cell death occur during mid-gestation (that is, E50 to E80) in fetal brain of cynomolgus macaques, whereas differentiation and maturation of neural cells occur after mid-gestation (E80). These findings are relevant to the timing of neurologic developmental events in nonhuman primates and, because of the physiologic similarities of humans to nonhuman primates, are pertinent to the use of nonhuman primates for neurodevelopmental toxicological research.

 

QUESTIONS (False or True):

1. 
NeuN is a neuron-specific marker.
2. 
Histologically, the cerebral cortex at E120 and E150 consisted of 5 layers.

3.  
PCNA is a nuclear marker of proliferating cells.
4. 
Microglial cells may be involved with the disappearance of temporary structures in the developing brain.

ANSWERS:
1. 
True

2.
False

3.  
True

4.  
True

 

Montiel et al. Effects of Simian Betaretrovirus Serotype 1 (SRV1) Infection on the Differentiation of Hematopoietic Progenitor Cells (CD34+) Derived from Bone Marrow of Rhesus Macaques (Macaca mulatta), pp. 61-68

Primary Species: Macaques (Macaca spp.)
SUMMARY: Simian betaretrovirus infection (formerly known as simian type D retrovirus, SRV) in the Asian monkeys of the genus Macaca is commonly associated with peripheral blood cytopenias, particularly persistence anemia and neutropenia. However, the pathogenetic mechanism involved in this abnormality is not well understood.  The current study investigated the in vitro tropism of SRV for both hematopoietic progenitor (CD34+) and stromal cells obtained from rhesus monkey bone marrow and assessed the effects of infection on hematopoietic progenitor cell differentiation in vitro. With In vitro exposure, SRV DNA could be detected by RT-PCR in cells and the reverse transcriptase assay in supernatants from SRV exposed –progenitor associated stroma, but not in differentiated colonies derived from SRV exposed –progenitors. Further more, in vitro exposure involving cell-cell contact of uninfected CD34+ progenitor cells with SRV-infected stromal cells resulted in a statistically significant reduction in granulocyte-macrophage colony formation in absence of detectable SRV-infection of progenitor cells. There were no effects on erythroid lineages and RBC differentiation. This result suggests that hematologic abnormalities observed during SRV infection in rhesus monkey may not result from direct effect of viral infection of progenitor cells, but rather a consequence of SRV infection of supportive bone marrow stroma with secondary effects on differentiation of associated progenitor cells. 

QUESTIONS
1.
SRV is one of several persistent viruses targeted for elimination in SPF (special pathogen free) colony development in NHP. True/False
2.
Clinical and pathological manifestation of SRV infection range from subclinical (carrier state) to lymph proliferative disease. True/False
3.
Anemia and leukopenias associated with reduced progenitor cell proliferation is accompanied with what following condition(s);

a.
Simian parvovirus of macaques
b.
Human parvovirus B19 infection
c.
Simian and Human immunodeficiency syndrome

d.
Feline retroviral infection

e.
All above

ANSWERS
1.
True

2.
False (Immunosuppressive)

3.
E

Morichika et al. Triplet Pregnancy in a Cynomolgus Monkey (Macaca fascicularis) after Double Embryo Transfer, pp. 69-72

Domain 1: Management of spontaneous and experimentally induced diseases and conditions; Task 3: Diagnose disease and condition as appropriate
Primary Species: Macaques (Macaca spp.)
 
SUMMARY: This research institution derives their Macaca fasicularis offspring via assisted reproductive techniques, including intracytoplasmic sperm injection (ICSI) and subsequent embryo transfer (ET).  The authors state that they find higher pregnancy rates for double embryo transfer vs. a single transferred embryo.  This is a case report describing three aborted fetuses to a single dam, after double ET.  Twin birth rates are extremely low (0.027-0.21%) in rhesus and Japanese monkeys.

Laparoscopic oocyte collection was performed on a 6 year old female cyno that had been treated with gonadotropin.  Fertilization of oocytes was performed with thawed sperm via ICSI.  Three days after fertilization, embryos were frozen via vitrification and later thawed for laparoscopic implantation into a 5yo recipient female.  Two embryos were transferred and pregnancy was determined via ultrasound at day 37 with the presence of at least two heartbeats.  


Miscarriage #1: day 81 – no placenta seen

Miscarriage #2: day 83 – no placenta seen

Miscarriage #3: day 85 – expelled with placenta

 

On day 85, a second placenta was expelled, owning two umbilical arteries, suggesting the possibility that fetus #1 and fetus #2 were monozygotic twins sharing the same placenta.  The authors did no further analysis (DNA or karyotyping) of the expelled tissues.

QUESTIONS:

1.
Name the stages of embryo development from oocyte to blastocyst.

2.
List several other assisted reproductive techniques (ARTs).

3.
What is an alternative term for ‘vitrification’?

ANSWERS:
1.
Ooctye ( one cell embryo ( 2-cell embryo ( 4 cell embryo ( 8 cell embryo ( morula ( blastocyst

2.
Superovulation, in vitro fertilization, sperm collection, ovarian transplant, ICSI, embryo transfer

3.
“Fast freezing” or “flash freezing”

