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OVERVIEW

Iwase et al. Physiologic Aspects of Pig Kidney Transplantation in Nonhuman Primates, pp. 332-340


Domain 3: Research

One-Line Summary: This is a review article that compares the known similarities and differences in renal physiology between pigs and primates and to discuss the feasibility of producing pigs whose kidneys are physiologically compatible with humans.
 
SUMMARY: As this is a review article with a lot of useful information, I am going to summarize by listing the important information in bullet points below:

 

· The transplantation of kidneys from genetically engineered pigs combined with effective immunosuppressive therapy has significantly increased the survival duration of life-supporting kidney grafts in NHP.

· The major immune barriers to xenotransplantation have been overcome by producing genetically modified pigs:

· By deleting antigens against which humans have natural antibodies

· By inserting human transgenes that help to protect the graft against human complement-mediated injury or human coagulation dysfunction.

· Pigs’ kidneys are similar in structure, physiology and relative size to human kidneys.

· Renal blood flow in pigs is similar to that of humans.

· Mean WBC and RBC counts are significantly higher in healthy pigs that in baboons and humans.

· BUN, serum creatinine, sodium, chloride values are comparable among all 3 species.

· Pigs have higher potassium, calcium and phosphorous values than baboons and humans.

· Levels of total protein and albumin are lower in pigs than in baboons.

· Baboons with pig kidney grafts maintained a steady body weight, did not drink or urinate more or less than usual, was bright and alert, but when examined had a low central venous pressure and dehydrated skin and tissues.  This was corrected with IV infusions of normal saline.

· Primates with pig kidneys showed minimal or modest proteinuria with no accompanying hypoalbuminemia.

· Studies of pig-to-NHP kidney xenotransplantation have shown that most serum electrolytes remain within normal limits in recipients with well-functioning pig kidney grafts.

· Pig renin cannot cleave human angiotensin which in turn will help regulate body fluid volume and potassium balance.  As such patients with pig kidney grafts may need to drink large volumes of fluid, even though they do not feel thirsty.

· Renal xenotransplantation was associated with gradual development of normocytic, normochromic anemia in the absence of treatment with recombinant human erythropoietin.  It is currently unknown whether pig erythropoietin functions adequately in humans or NHPs. So it is recommended that recombinant human erythropoietin be administered to the recipient of the graft.

· There is a recognized discrepancy in the rate of organ growth between the pig and the NHP.  Pig organs grow at a much faster rate than primates.  The pig kidney graft continues to grow at its normal rate for several weeks after transplantation into an NHP.  Thereafter, its growth correlates with the growth rate of the recipient NHP.  More work needs to be done to understand why the pigs’ organs show this growth pattern.

In conclusion, the authors suggest that the data to date imply that the pig kidney will function satisfactorily within a human recipient, provided the patient’s hydration and volemic states are monitored carefully.

 

QUESTIONS
1. 
What are GTKO-CD55 pigs?

2.  
Define the terms xenograft and heterotopic grafts.

 

ANSWERS
1.  
GTKO – α1,3 – galactosyltransferase gene-knockout pig.  This pig lacked the major target for the primate antipig antibodies, GAL

 
GTKO- CD55 pig – is a GTKO pig that also expressed the human complement-regulatory protein CD55.  This protein provides additional protection from antibody-dependent complement-mediated rejection.

2. 
Laboratory Animal Medicine Blue Book 3rd edition. Chapter 25 - Page 1242. 


Donovan et al. Allograft Inflammatory Factor 1 as an Immunohistochemical Marker for Macrophages in Multiple Tissue and Laboratory Animal Species, pp. 341-348

Domain 3
SUMMARY: Allograft inflammatory factor 1 (AIF1) is a marker for microglia in the brains of humans and some animal models. The authors sought to determine if AIF1 could be used as a marker for macrophages in various laboratory animal species and tissues. Tissues (spleen, liver, lung) were collected from mice, rats, pigs, ferrets, and humans (lung only). Across species and tissues, AIF1 immunostaining of macrophages was found to be reproducible. Given all of the animal species used as models of human disease, such a cross-species marker is important in reducing the inherent variability in translational research. Many markers have been used to identify macrophages across species but these markers are often species-specific.
QUESTIONS

1. 
What are microglia? 
2. 
If the tools and techniques applied in preclinical studies were also applicable in clinical studies, the results stand to be more translatable? T/F 
3. 
This study demonstrated that AIF1 was found to be a reliable marker for the identification of activated macrophages across the 4 animal species and 3 tissues assessed? T/F
ANSWER
1. 
The resident macrophages of the CNS 
2. 
T 
3. 
T


ORIGINAL RESEARCH

Mouse Models
Doane et al. Supernumerary Incisors in CB6F1 Mice Conditioned with Chemotherapy and Total Body Irradiation before Bone Marrow Transplantation, pp. 349-352
 

Domain 1
Primary Species; Mouse (Mus musculus)

 

SUMMARY: Bone marrow transplantation (BMT) can be a curative treatment for certain types of cancer seen in children (acute and chronic leukemia, lymphoma, aplastic anemia, etc). In order for BMT to be successful, immunosuppression must be performed. A common method of immunosuppression is total body irradiation (TBI) combined with chemotherapy such as cyclophosphamide. The use of these together allows for lower doses of each while still achieving immunosuppression. Dental abnormalities can occur after TBI as well as chemotherapy and have been characterized in adults surviving from childhood cancer. C57BL/6 mice have also shown teeth abnormalities after TBI including loose teeth, broken, missing or extra teeth (supernumerary).

 

In this experiment 4 groups of mice were exposed to TBI and either cyclophosphamide before and after, cyclophosphamide before and bendamustine after or bendamustine before and after TBI treatment. Dentition was observed afterwards for supernumerary teeth.

 

It was found that 4 mice from Group A and 1 from Group B presented with supernumerary incisors. Since 4 of the 5 cases occurred in mice that received cyclophosphamide before and after transplantation, it is likely that cyclophosphamide and its combination with TBI makes it the greatest contribution to these dental abnormalities. This phenomenon appears to be strain specific to C57BL/6 mice since this hasn’t been seen with BALB/c and CAF1 mice. In studies using C57BL/6 mice with BMT, it is important to manage these mice and look for the possibility of supernumerary incisors as a possibility for weight loss and poor eating habits.

 

QUESTIONS
1.
Which immunosuppressive treatments appear to be contributors to supernumerary incisor formation?

a.  
Total body irradiation

b.
Bendamustine

c. 
Cyclophosphamide

d.
Both A and B

e. 
Both A and C

f.  
All of the above 

2.
Which strain of mouse has been shown to develop supernumerary incisors when being treated with TBI, cyclophosphamide or bendamustine?

a. 
CAF1

b. 
C57BL/6

c. 
BALB/c

d.
All of the above

 

ANSWERS
1. 
d
2. 
b
Zadrozny et al. Outbreak of Opportunistic Ascending Pyelonephritis with Numerous Yeast after Experimental Humanization Surgery in NOD.Cg-PrkdcscidIl2rgtm1Wjl/SzJ and NOD.Cg-Rag1tm1MamIl2rgtm1Wjl/SzJ Immunodeficient Mice, pp. 353-359

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: SCID mice has become increasingly popular in biomedical research and have been used in immune study responses after HIV infection, engraftment of primary human tumors, and human cell therapy. In this report the authors described an acute onset of morbidity and mortality in 24 NSG and NRG mutant strain mice after bone-marrow-liver-thymus (BLT) humanization surgery.

 

Bone marrow ablation was performed by using a single dose of pharmaceutical-grade treosulfan prepared aseptically and 24 hours prior to hematopoietic stem cells (HSC). After surgery and recovery from anesthesia, mice were restraint using a device and infused with HSC through tail vein injection. At 10 days after the surgery, 9 mice were found dead without any prior clinical indication of morbidity. On day 11, 4 additional mice were found dead with 3 other mice showing signs of morbidity including severe hunching, lateral recumbency, shallow respiration and decreased response to external stimuli. One mouse showed neurologic signs such as head tilt and circling to the right. Mice found moribund were submitted live to the pathology service for necropsy. Samples for histology and bacteriology were collected from mice that were found recently dead (less than 2 h) or moribund and euthanized by study investigators.

 

Blood samples and spleen swabs were cultured. The only organism identified was Candida albicans, present in the spleen swabs of 2 out of 3 moribund mice. Yeast species were isolated from within the heart and abdomen of 2 out of 5 different mice and identified as Candida albicans; from this group of mice, all 5 mice showed S. xylosus and E. faecalis in cultures from skin, abdominal cavity, spleen or heart. In total, 14 mice (11 found recently dead or euthanized by investigators and 3 that were submitted live for diagnostic pathology) were submitted for histopathology. Important histopathology findings included bilateral, ascending suppurative pyelonephritis with numerous PAS-positive hyphae, pseudohyphae, and yeast. Plus, renal tubular epithelial atrophy, tubulointerstitial suppurative nephritis with intralesional yeast organisms, proteinaceous casts and fibrosis were also appreciated (Fig. 1). Regions of suppurative inflammation within the kidneys were PAS-positive and gram negative, indicating yeast as the primary cause of ascending pyelonephritis. It is unlikely that the organisms identified as S. xylosus and E. faecalis contributed to the acute deaths due to the complete lack of microorganisms within the regions where the yeast was present within suppurative inflammation. Also, 2 out of the 3 moribund mice had mild, multifocal suppurative meningoencephalitis.

 

The investigators evaluated all items used for surgeries in these mice, and the only ones that all mice were exposed to were the pharmaceutical products, including tribromoethanol, carprofen, enrofloxacin, and saline; HSC; and the rodent restrainer. All pharmaceuticals were prepared aseptically by using pharmaceutical-grade reagents or were filter-sterilized prior to use. HSC were cultured overnight in antibiotic-free medium; all pharmaceuticals and HSC were inoculated in mice by sterile needles and syringes. The remaining common exposure was the rodent restrainer. Although this device might seem unlikely fomite, Candida species can form biofilms in a variety of medical devices. The origin of Candida in the present report is unknown, but regardless of origin, the organisms were able to induce significant mortality among these mice. This report also shows the importance of strict animal husbandry, appropriate disinfection and sanitization and careful management of restraint devices used in severely immunocompromised mouse strains.
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Figure 1. (A) Suppurative tubulointerstitial nephritis with intratubular yeast organisms, mild interstitial fibrosis, and variable tubular ectasia and atrophy. Kidney, NOD.Cg-Prkdc scid  Il2rg /SzJ humanized mouse. Hematoxylin and eosin stain. Inset: Higher magnification of yeast, with occasional pseudohyphae. (B) Gram stain of section in panel A, showing suppurative  tubulointerstitial nephritis without the presence of bacteria. Kidney, NOD.Cg-Prkdcscid  Il2rgtm1Wjltm1Wjl/SzJ humanized mouse. Inset: Higher magnification, illustrating the absence of bacterial organisms. (C) A sheet of yeast organisms admixed with sloughed epithelial cells; degenerative neutrophils occlude the proximal ureteral lumen. Fungal ball, kidney, NOD.Cg-Prkdcscid Il2rg/SzJ humanized mouse. PAS stain. Inset: Higher magnification, showing yeast, septate hyphae, and occasional pseudohyphae. Etiology consistent with Candida spp. (D) Multifocally expanding the neuropil are few, often coalescing, nodules predominately composed of degenerate and viable neutrophils. Brain, NOD.Cg-Prkdctm1Wjlscid Il2rg/SzJ humanized mouse. Hematoxylin and eosin stain. Inset: Higher magnification, showing yeast and septate hyphae within inflamed regions of neuropil. Grocott–Gomori methenamine silver stain. (E) Regionally extensive, intralesional yeast organisms. Stratum corneum, forestomach, NOD.Cg-Prkdc scid Il2rg tm1Wjl/SzJ humanized mouse. Hematoxylin and eosin stain. Inset: Higher magnification of yeast organisms positive for Grocott–Gomori methenamine silver stain. 

 

QUESTIONS
1.  
Which of the following statements are true:

a. 
NSG and NRG mice models were derived from nonobese diabetic (NOD) mice, an important model of autoimmune type 1 diabetes.

b.  
The difference between NSG and NRG mice models is that NSG mice have a SCID mutation, whereas NRG mice have a target knockout mutation in recombination activating gene 1 (Rag1).

c.  
b only
d.  
a & b
2.  
True or False:

a.  
Candida spp. are routinely found in the environment and are not considered pathogenic in healthy animals other than on poorly ventilated areas of skin, including skin folds or flaps and auricular infections.

b.
Urinary tract infections with Candida are frequently nosocomial and often are associated with biofilms on urinary catheters; causing cystitis and, infrequently, pyelonephritis.

                                                                    

ANSWERS
1.       d
2.       a. True, b. True

 

Rat Model
Leader et al. Breeding Characteristics and Dose-dependent Blood Pressure Responses of Transgenic Cyp1a1-Ren2 Rats, pp. 360-366
Domain 3: Research

Primary Species: Rat (Rattus norvegicus)
 

SUMMARY: Male Cyp1a1-Ren2 rats are a new, attractive transgenic rodent model for hypertension. Benefits include: 1) hypertension is inducible by feeding a diet containing indole-3-carbinol (I3C), 2) level of hypertension is I3C dose-dependent, and 3) reversibility of hypertension upon removal of I3H diet. Only male rats are affected due to the transgene (inducible Cyp1a1 promotor) being present on the Y chromosome. Expression of mouse Ren2 cDNA activates the renin-angiotensin-aldosterone system resulting in an overall increase in blood pressure. In this study, authors also confirmed that breeders are generally efficient, with several quirks including large litter size, slightly prolonged reproductive cycle, and a prolonged litter-free period between the first and second litter of about 60-70 days. Feeding higher doses of I3C diet can affect growth rates in males and females. They also found that chronic dosing of 0.167% I3C resulted in a steady increase in systolic blood pressure over time, mimicking more closely the human clinical situation.

 

QUESTIONS
1. 
Where is renin normally produced, and what is its function?

2. 
What is the typical gestation period of a rat?

a. 
14-18 days

b. 
20-24 days

c. 
25-28 days

d.   29-32 days

 

ANSWERS
1.
Renin is typically produced by the kidney by the juxtaglomerular cells. It hydrolyzes Angiotensinogen to Angiotensin I. However, in this rat model, the transgene is located in and expressed by the liver.

2.
b. 20-24 days

Guinea Pig Model

Napon et al. Identification of Carboxylesterase, Butyrylcholinesterase, Acetylcholinesterase, Paraoxonase, and Albumin Pseudoesterase in Guinea Pig Plasma through Nondenaturing Gel Electrophoresis, pp. 367-374
Domain 3

Secondary Species: Guinea Pig (Cavia porcellus)
SUMMARY: Guinea pig (Cavia porcellus) is the currently preferred animal model of choice to test organophosphorus nerve agents because of the low bioscavanging capacity that resembles of non-human primates and humans. In contrast, rats are poor models as they express higher levels of carboxylesterase activity in plasma and are resistant to toxic effects of organophosphates. Using non-denaturing polyacrylamide gel electrophoresis of heparinized plasma and staining with enzyme substrates and/or incubating with specific enzyme inhibitors (absence of stained bands) and monoclonal antibodies (gel shift), authors of the current study identified that guinea pig plasma has paraoxonase and carboxylesterase as major esterases followed by butyrylcholine esterase, albumin pseudocholinesterase and acetylcholinesterase. Authors also showed that guinea pig plasma has lower levels of butyrylcholine esterase, paraoxonase and acetylcholinesterase and has more carboxylesterase compared to human plasma. Thus, authors concluded that guinea pigs are sub-optimal model for evaluating human responses to nerve agent toxicity and a recently developed serum-specific carboxylesterase knockout mouse may better suitable model to study toxicology of nerve agents.

QUESTIONS
1. 
T/F. Guinea pigs are highly sensitive to organophosphorus nerve agents or pesticide compared to rats.

2. 
T/F. Rodents express high levels of carboxylesterase and are resistant to organophosphate toxicity.

3. 
Treatment options for organophosphate poisoning include which of the following;

a. 
Atropine

b. 
2-pyridine aldoxime methochloride (2-PAM or pralidoxime)

c. 
Phenothiazine tranquilizers

d. 
Barbiturates

4. 
Symptoms of organophosphate poisoning include;

a.  
Excess salivation

b. 
Excess lacrimation

c.  
Urination, diarrhea and vomiting
d. 
Miosis; bradycardia

e. 
All the above

ANSWERS
1. 
True

2. 
True

3. 
a & b

4. 
e

Swine Model

Ng et al. Characterization of a Swine (Sus scrofa) Model of Oral Potassium Cyanide Injection, pp. 375-379
Domain 3: Research; Task T3,  Knowledge #3 - animal models (spontaneous and induced)

Primary Species: Pig (Sus scrofa)

 

SUMMARY: Adolescent female Yorkshire pigs (45-55 kg) were used to create a new large animal model of oral KCn toxicity to evaluate potential for future antidote treatments. All pigs were anesthetized with ketamine and isoflurane for up to 90 minutes and all physiological parameters were monitored every 5 minutes. 3 pigs were given 5 mg/kg KCn and 3 pigs were given 8 mg/kg KCn via orogastric tube. There was a dose dependent response to orally administered cyanide similarly seen in humans. Mortality was 100% in 8 mg/kg group, hypotension was more profound and animals died quicker compared to the 5 mg/kg group. All groups developed hypotension, apnea, acidemia (decrease in serum pH), increased serum lactate concentration, and low survivability.

 

QUESTIONS
1. 
Mice are theorized to be more resistant to oral cyanide because:

a.
Gastric pH is 4 which is higher than most humans

b.  
The cecum absorbs most of the toxins more effectively

c. 
Gastric secretions act synergistically with cyanide toxin

2. 
Which statement is FALSE regarding cyanide?

a.
Cyanide salts when exposed to acidic environments for hydrogen cyanide which gets absorbed into the blood stream resulting in systemic toxicity

b.
Cyanide is relatively common following smoke inhalation after a fire

c.  
Cyanide gas was used for mass extermination by the Nazi’s during WWII

d. 
Cyanide ingested in high amounts induces fatality that may take over 24 hours to see effects

  

ANSWERS
1.
a
2.
d. Cyanide is acutely toxic and you will see symptoms within minutes

 
Nonhuman Primate Models

Rusnak et al. Comparison of Aerosol- and Percutaneous-acquired Venezuelan Equine Encephalitis in Humans and Nonhuman Primates for Suitability in Predicting Clinical Efficacy under the Animal Rule, pp. 380-395
Domain 3: Research; K3 - Animal models (spontaneous and induced) including normative biology relevant to the research

 

SUMMARY: This article describes a retrospective study comparing Venezuelan Equine Encephalitis virus (VEEV) infection in humans and VEEV infection in NHP via aerosol and percutaneous route of transmission. The goal is to assess whether NHP are an appropriate model for human countermeasure vaccine development under the Animal Rule. The use of the Animal Rule can provide a pathway to licensure of vaccines that are likely to produce benefit to people in situations where human studies are not feasible or are not ethical, providing that the animal studies are adequate and well-controlled.  The US Department of Defense has given VEEV a Category B biothreat agent designation, as aerosol exposure of most humans to a small number of organisms will cause significant disease. As a result, the Department of Defense is supporting vaccine development for this agent. Natural VEEV infection in humans occurs in Central America, South America, Trinidad, Florida, and Mexico, and is transmitted by mosquitoes. This illness is characterized by fever, chills, severe headache, malaise, and myalgia of 5-7 days duration. Occasionally, sore throat, photophobia, nausea and vomiting are seen. CNS signs and mortality are very rare. Aerosol exposure of VEEV is not a natural route of exposure, but is the route of transmission that is a biothreat concern. Animal model choice for vaccine testing must consider that the model will represent similar disease and pathophysiology for the given route of exposure.

This study showed that both cynomolgus and rhesus macaques are suitable models for vaccine testing for either aerosol or percutaneous exposure to VEEV, since these NHP share similar disease course and pathophysiology to humans via these routes. NHP and humans both have high morbidity after aerosol exposure to just a few organisms (less than 10). Mortality, however, is low for both humans and NHPs, with similar disease course (fever, viremia, lymphopenia). In contrast, higher doses infecting rabbits, mice and guinea pigs lead to higher mortality, which is not seen and in humans and NHPs. Even though high dose aerosol exposure in NHPs indicated a more severe response versus humans, with more frequent and more severe CNS changes on histopathology, the authors conclude that overall similarity supports NHP models for human VEEV vaccine development.

 

QUESTIONS
1.  
True or False: VEEV infection in humans with higher dose aerosol exposure leads to more severe CNS histopathology changes versus NHP.

2.  
Which of the following is true about VEEV:

a.
NHP, Mice, rabbits, and guinea pigs are all suitable models for countermeasure vaccine development using the Animal Rule.

b. 
Disease in humans is characterized by high morbidity and high mortality with aerosol exposure.

c. 
Naturally occurring VEEV is vector-borne.

d.  
Aerosol exposure of NHP requires > 10 organisms to cause infection.

 

ANSWERS
1. 
False

2. 
c
 

 
Kundu et al. Development and Characterization of a Model for Inducing Fetal Hemoglobin Production in Cynomolgus Macaques (Macaca fasicularis), pp. 396-402

Domain 3: Research

T3. Design and conduct research

Primary Species: Macaques (Macacca spp.)
  
SUMMARY: Sickle cell disease and beta-thalassemia are similar blood disorders whereby the red blood cells form abnormal shapes or there are problems with hemoglobin production, respectively. There is a transgenic mouse model of SCD, but rodent models do not show the same type of disease seen in humans in that gamma globin genes are conserved in NHPs and humans only. Cynos are more widely used and these authors sought to induce fetal hemoglobin (HbF) with the use of hydroxyurea, the current treatment for these blood disorders. This drug uses a cytostatic mechanism which selects for early progenitor cells after the death of the late progenitor cells. NHPs had VAPs placed for serial phlebotomy to measure hemoglobin levels and  HPLC was used to validate the forms of hemoglobin. Despite the low number of animals studied, the authors did successfully develop a model of experimentally induced anemia to simulate ‘stress erythropoiesis’ in cynos and their work holds promise for novel treatments.

 

QUESTIONS
1. 
What is the common name for Macacca fasicularis?
2.  
The following picture is used in conjunction with VAPs. Name the equipment and define the acronym VAP.

 [image: image1.jpg]



 
ANSWERS
1.
Crab-eating macaque

2. 
Huber needle is used with Vascular Access Ports

Asher et al. Acute Abdominal Distension Due to Disseminated Peritoneal Neoplasia in a Rhesus Macaque (Macaca mulatta), pp. 403-410

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions
Primary Species: Macaques (Macacca spp.)

SUMMARY: 9 year old intact female rhesus macaque was schedule for an ovariohysterectomy after presumptive diagnosis of endometriosis (painful menstrual cycles and uterine enlargement). During surgery, multiple thick fibrous adhesions were found attached to the pelvic organs. Due to the inability to distinguish between the tissues in the abdomen the surgery was halted and the animal was recovered and treated medically with medroxyprogesterone 40mg IM. Per the PI this treatment plan interfered with the research and thus no further doses were given. Animal was seronegative for SIV, simian retrovirus, simian t-lymphotropic virus, and Herpes B. 3 months later animal presented acutely with abdominal distension with diffuse abdominal tympany, anorexia, lethargy, and facial pallor. An orogastric tube was placed and small amounts of food and fluid were collected with no change in the abdominal distention. Radiographs found a decrease in serosal detail with a gas distended large intestine. Exploratory surgery was performed and found 200ml of serosanguinous fluid in the abdomen. The GI tract was almost completely fused with the reproductive tract. Due to poor prognosis the animal was euthanized. On necropsy, in addition to the adhesions there were variably sized fibrovascular regions associated with small clear or blood filled cysts. The adhesions in the colon and rectum created marked deviations of anatomy. On his to the periodic acid-Schiff staining was positive. Immunohistochemistry found that the cystic lesions were a phenotype consistent with stromal tissue of reproductive origin (cytokeratin AE1/AE3, CD10, Wilm tumor 1, estrogen receptor, and progesterone receptor).

 

Differential diagnosis included: carcinomatosis, mesothelioma, hemangiosarcoma, retroperitoneal fibromatosis, leiomyosarcoma, gastrointestinal stromal tumor, endometrial stromal sarcoma (ESS), and idiopathic sclerosing peritonitis. Carcinomatosis was excluded due to lack of gross or histologic evidence of adenocarcinoma and lack of expression of broad spectrum cytokeratin. Retroperitoneal fibromatosis was excluded due to lack of evidence of immunodeficiency or lymphoid depletion and she tested negative for simian retrovirus 2. Hemangiosarcoma, leiomyosarcoma, and gastrointestinal stromal tumor were excluded on basis of histologic characteristics and immunohistochemical results. Mesothelioma was excluded since the peritoneal tissue was negative for calretinin immunoreactivity. Endometriosis is common in old world aged primates and retrograde menstruation is considered to be the primary mechanism of transplantation of ectopic endometrial tissue. Intestinal endometriosis is uncommon in humans and ESS has been described in humans affecting multiple peritoneal tissues. Due to the severity of peritoneal response in this animal, something more than endometriosis alone was the cause. ESS tumors are composed of sheets of cells resembling endometrial stroma, prominent stromal vascularity, few mitotic figures, and mild cellular atypia. They express CD10, estrogen receptor, and progesterone receptor. These characteristic were consistent with the findings in this animal and thus ESS was diagnosed. In humans, ESS presents most commonly with intestinal obstruction similar to this animal. 
QUESTIONS

1.
What does ESS stand for?
2.
What are findings consistent with retroperitoneal fibromatosis? 
3.
ESS on immunohistochemistry test positive for what?
a.
Calretinin, estrogen receptor, and progesterone receptor
b.
CD10, estrogen receptor, and progesterone receptor
c.
Broad spectrum cytokeratin, estrogen receptor, and progesterone receptor
ANSWERS

1.
Endometrial stromal sarcoma
2.
Proliferation of spindle cells and accompanying inflammatory cell infiltrates, fibroblasts, and endothelial cells in conjunction with immunodeficiency caused by infection with simian retrovirus 2 or rhadinovirus (retroperitoneal fibromatosis herpesvirus)
3.
b
