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CASE I:   
 
Signalment:  
3-month-old, male, Lewis rat (Rattus 
norvegicus) 
 
History:  
This rat was part of a study receiving high-
dose whole body irradiation daily for six 
days. Five days after the last exposure, the an-
imal presented quiet, with thin body condi-
tion (BSC 1/5), a hunched appearance, and an 
unkempt haircoat. Due to lack of improve-
ment with supportive care, the animal was 
euthanized two days later and submitted for 
necropsy evaluation.  
 
Gross Pathology:  
On gross examination, the cecum was 
slightly distended and doughy, and there was 
a small amount of fecal staining at the ventral 
tail base. There were several formed fecal 
pellets present in the colon. The liver was 
mildly and diffusely pale.  
 
Laboratory Results: 
On CBC analysis, there was mild lymphope-
nia, mild neutrophilia, and moderate mono-
cytosis. In addition, there was a mild decrease 
in HCT and MCV, and a mild increase in 
MCHC, representing a microcytic, hypo-
chromic anemia. 
 
Microscopic Description:  
In sections of small intestine, there was loss 
of normal villus architecture characterized by 
moderate and multifocal villus blunting and 

fusion, with replacement of areas of lamina 
propria with loose collagen and granulation 
tissue. The deep crypt epithelium was hyper-
plastic with large, plump crypt epithelial cells 
that showed piling and disorganization with 
frequent mitotic figures. Within the ileum, 
similar changes were present within the lam-
ina propria and crypt epithelium, with the ad-
ditional finding of severe, locally extensive 
mucosal ulceration with replacement by 
granulation tissue. There was diffuse and 
moderate lymphangiectasia within small in-
testinal villi and marked depletion of mucosal 
associated lymphoid tissue. Within the colon, 
there was marked degeneration and necrosis 
of the superficial mucosal and deep glandular 
epithelium with the presence of necrotic de-
bris present within glandular lumens. There 
was moderate granulation tissue throughout 
the lamina propria of the colon, with attenua-
tion, loss, and regeneration of colonic glan-
dular epithelium. There was mild edema pre-
sent within the submucosa, and severe lym-
phoid depletion within Peyer’s patches. In the 
cecum, there were sporadic areas of glandular 
degeneration with loss of epithelium and 
small amounts of granulation tissue within 
the lamina propria. In other organs, there was 

 
Figure 1-1. Colon, intestine, rat. Three sections of colon 
(from left) and one section of intestine are submitted 
for examination. Dilated colonic glands are visible at 
subgross magnification. (HE, 6X) 
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minimal and multifocal myofiber degenera-
tion representative of chronic cardiomyopa-
thy in the heart, sporadic clusters of alveolar 
histiocytes within the lung, and decreased 
erythroid progenitors within the bone mar-
row. 
 
Contributor’s Morphologic Diagnoses:  
Small and large intestine: Enterocolitis, ne-
crotizing and ulcerative, diffuse, with regen-
eration. 
 
Contributor’s Comment:  
This case represents lesions which result 
from radiation toxicity to the intestinal tract. 
The lesions observed here are a continuum of 
glandular epithelial necrosis, regeneration, 
and ultimately, villar blunting, fusion, and 
granulation tissue proliferation as a result of 
cytotoxicity of rapidly dividing crypt epithe-
lial cells. In humans, radiation-induced gas-
trointestinal syndrome (RIGS) occurs sec-
ondary to radiation therapy for neoplasia of 
the abdomen and pelvis and is a major limit-
ing factor and source of morbidity and mor-
tality in patients receiving this therapy.  
  
The detrimental effects of radiation exposure 
were first described by Walsh (1897) two 
years after the discovery of X-rays, who con-
cluded that irradiation caused inflammation 
of the mucosa of the intestinal tract.2,16 Mech-
anisms underlying this side effect of radiation 
are still incompletely understood, and there 
are still no effective preventions or 

treatments for this condition. Every year, 
over 300,000 patients receive abdominal ra-
diation for cancer treatment, and approxi-
mately 60-80% of these patients develop 
some form of bowel toxicity.2,8 In the process 
of radiation treatment for intra-abdominal or 
pelvic neoplasia, healthy bowel is ultimately 
affected by the radiation treatment, resulting 
in significant morbidity and mortality.13 
Therefore, it is a significant limiting factor 
for many patients receiving radiation therapy 
for abdominal or pelvic neoplasia.19,26 How-
ever, radiation therapy is still a mainstay of 
cancer treatment, used in approximately half 
of cancer patients, and is therapeutically crit-
ical in ~25% of cancer cures so a better un-
derstanding of mechanisms behind RIGS and 
preventative measures against it are critical.8  
 
In acute cases of RIGS, the intestine repre-
sents an important organ at early risk, be-
cause of the nature of intestinal biology. 
While the pathophysiology of RIGS is still 
not fully understood, data suggests that it 
arises from a complex interaction of epithe-
lial damage, and alterations in the immune, 
vascular, and enteric nervous systems, influ-
enced by host (co-morbidities such as IBD, 
diabetes, vascular or collagen disorders, ge-
netic predisposition, body mass index, to-
bacco smoking, genetic disorders) and thera-
peutic factors (dose of radiation, length of 
bowel involved, concurrent chemotherapy, 
abdominal surgery).8,13 Intestinal epithelium, 
particularly intestinal stem cells (ISCs) have 
a high rate of proliferation and thus make the 
bowel a sensitive target for radiation tox-
icity.13 In acute RIGS, this phase occurs im-
mediately following exposure and may per-
sist for hours to several days, and results from 
a direct cytotoxic effect of radiation resulting 
in cytotoxicity of crypt epithelial cells, in-
cluding stem cells, which results in epithelial 
cell loss, villus blunting, fusion, and impair-
ment of epithelial barrier function with loss 
of electrolytes, water, protein, mucosal 

 
Figure 1-2. Colon, rat. There is a segmental area of ul-
ceration (right), with ectatic glands at the periphery. 
(HE, 52X) 
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ulceration, and increased permeability to lu-
minal pathogens and antigens, resulting in 
mucosal inflammation and ultimately sys-
temic effects of sepsis.2,8,13,16 Compromise to 
the vascular architecture leads to hemorrhage 
and thrombosis, which precedes ischemic 
damage; in addition, several animal studies 
have shown a direct effect on the enteric 
nervous system, resulting in reduced transit 
time and intestinal ileus.13  
 
As lesions progress, acute RIGS may resolve 
following cessation of radiation exposure, or 
in some cases (often months to several years 
following exposure) may become a chronic 
condition, secondary to progressive occlusive 
vasculitis, extracellular matrix remodeling, 
and collagen deposition resulting in atrophy 
of the intestinal mucosa, fibrosis, structure 
formation, fistula development, and intestinal 
obstruction or perforation; the chronic form 
of RIGS occurs in up to ~17% of individuals 
treated with abdominal/pelvic irradia-
tion.8,13,16 In fact, a latency period of several 
decades (20-30 years) between radiation ther-
apy and chronic RIGS is not an uncommon 
clinical phenomenon.8   
 
While the pathophysiology of RIGS is poorly 
understood, a number of studies have shown 
a relationship between growth factor path-
ways, cell cycle proteins, DNA damage me-
diators, and developmental or stem cell path-
ways in the progression of disease. For exam-
ple, radiation induced damage to the intesti-
nal tract is associated with upregulation of the 
JNK-MAPK cell growth and proliferation 
pathways and decreased expression of stress-
activated p38 MAPK pathways which are im-
portant for regeneration and repair of intesti-
nal mucosal defects.26 Inhibition of the cell 
cycle, either through cyclin/cdk complex in-
hibition, or modulation of cell cycle regula-
tors and DNA damage checkpoint mediators, 
appears to protect against or improve re-
sponse to GI toxicity; CDK4/6 inhibitors 

improve survival in irradiated mice by block-
ing crypt epithelial apoptosis and promoting 
epithelial cell survival and self-renewal 
through upregulation of stem cell factors 
(LGF5, BMI-1, Hopx, mTERT, Lrig1) and 
inhibiting radiation induced P53 apoptotic re-
sponse.16,17,18,19,24 Prophylactic therapy with 
various growth factors and cytokines such as 
TGFb, IL-11, keratinocyte growth factor 
(KGF), and Kruppel-like factor (KLF) in-
creases crypt survival following radia-
tion.1,2,7,15 Radiation induced injury to the in-
testinal tract is also associated with increased 
levels of oxidative tissue injury, and studies 
have shown that certain antioxidants and me-
diators of oxidative stress play a role in RIGS 
and its progression. For example, cyclooxy-
genase induced prostaglandins prevent cyto-
toxicity of crypt epithelial cells in mice,16 and 
alterations in the mTOR-PI3K and NRF2 
pathways regulating oxidative stress can pro-
tect the intestinal tract through mediation of 
oxidative stress and upregulation of stem cell 
factors and growth pathways such as the NF-
kB pathway.5,25 Finally, blockage of the TLR 
pathway, important in promotion of inflam-
matory responses to microbial pathogens, 
protects from lethal radiation induced intesti-
nal injury in mice.22  
  
Since intestinal stem cells are a target of ra-
diation induced toxicity, activation of devel-
opmental and stem-cell embryonic pathways 
have shown to be effective in mediating 
RIGS in animal models, as epithelial regen-
eration following radiation injury requires 

 
Figure 1-3. Colon, rat. Dilated colonic glands are lined 
by attenuated epithelium and contain low numbers of 
necrotic epithelium and cellular debris. (HE, 158X)   



4 
 

intestinal stem cell repopulation.12,14,19 For 
example, activation of the Wnt/beta-catenin 
pathway or suppression of the adenomatous 
polyposis coli (Apc) gene function  in radia-
tion injury stimulates repair and significantly 
improves morbidity and mortality in mice 
following high dose radiation.19 Notch sig-
naling, another developmental/stem cell 
pathway, regulates self-renewal of intestinal 
stem cells and activation of this pathway ac-
celerates reversal of radiation induced dam-
age in the intestinal tract.14 Mesenchymal 
stem cells, or stromal progenitor cells (SPCs) 
have been shown to have regenerative, im-
mune modulatory, angiogenic, and anti-in-
flammatory properties that promote heal-
ing.3,21 In addition, the recruitment of extra-
intestinal and bone marrow-derived cells has 
been shown to play a role in promotion of in-
testinal healing and improvement of morbid-
ity and mortality in radiation-induced intesti-
nal injury through secretion of growth fac-
tors, stem cell mediators, and inflammatory 
cytokines in a paracrine fashion.21  
  
Lastly, there is a significant role of the micro-
biome in the response to RIGS.8,13 Radiation 
of the intestinal tract results in alterations in 
normal intestinal microbiota, which is an im-
portant factor in the pathogenesis of radiation 
enteritis; radiation reduces the normal diver-
sity of the gut microbiota and leads to dysbio-
sis, which aggravates RIGS by weakening in-
testinal epithelial barrier function and pro-
moting inflammation.4,9 Changes in the mi-
crobiome of the intestine reflect altered 

diversity reflective of decreased beneficial 
Lactobacillus and Bacterioides spp. and in-
creased E. coli and Streptococcus spp.23,26 As 
a further result of altered diversity of mi-
crobes, the composition of short-chain fatty 
acids (SCFAs), the key metabolites generated 
by large intestinal microbial metabolism, is 
altered as well; SCFAs play an important role 
in intestinal repair, inflammation, and home-
ostasis in the gut.26 Transplantation of normal 
fecal microbiota has been shown to improve 
survival in irradiated animals and improve 
overall function of the intestinal tract.4 
Dysbiosis also promotes inflammation and 
alterations in barrier function in the intestinal 
tract, influenced by enhanced pro-inflamma-
tory cytokine signaling through TNFa and 
IL1b expression, and rearrangement of im-
portant tight junction proteins induced by mi-
crobes such as pathogenic E. coli.9,23 In fact, 
beneficial effects on intestinal symptoms 
have been observed using probiotics includ-
ing Lactobacillus in animal models and hu-
mans in reducing endotoxin levels, reduction 
in severity of bowel injury, and reduction in 
potential bacteremia.13 
  
In summary, a full understanding of the path-
ophysiology of radiation induced injury in 
the intestinal tract is still incomplete, but 
likely involves a complex interplay between 
epithelial damage and repair, induction of de-
velopmental and stem cell pathways, growth 
factors and cell cycle/DNA damage media-
tors, the inflammasome, endothelial injury, 
tissue remodeling, and effects on the enteric 
nervous system, influenced by alterations in 
normal gut microbiota to result in the clinical 
syndrome of RIGS.  
 
Contributing Institution:  
In Vivo Animal Core, Unit for Laboratory 
Animal Medicine 
University of Michigan Medicine 
North Campus Research Complex, Building 
36, Rm G177 

 
Figure 1-4. Colon, rat. Beneath affected glands, lympho-
cyte numbers in Peyer’s patches are markedly dimin-
ished. (HE, 241X)     
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2800 Plymouth Road 
Ann Arbor, MI 48109 
 
JPC Diagnosis: 
1.  Colon: Colitis, necrotizing, multifocal to 
coalescing with glandular regeneration and 
lymphoid depletion. 
2.  Small intestine: Enteritis, necrotizing, seg-
mental, moderate, with ulceration, crypt ab-
scesses, and crypt hyperplasia. 
 
JPC Comment:   
The contributor provides an excellent de-
scription of radiation-induced gastrointesti-
nal syndrome. To see the effects of ionizing 
radiation on the lung, WSC 2021, Conference 
17, Case 4 is a case of radiation pneumonitis 
in a rhesus macaque exposed to whole thorax 
radiation, and the contributor described the 
pathogenesis behind acute and chronic 
phases of injury. 
 

This week’s moderator, Dr. Cory Brayton of 
Johns Hopkins University School of Medi-
cine, commented on the atypical features of 
regeneration in this case, including anyisocy-
tosis, anisokaryosis, and presence of goblet 
cells in the crypts, which provide clues as to 

pathogenesis of this case. IBA-1 revealed the 
scattered inflammatory infiltrate in the lam-
ina propria to be composed of abundant mac-
rophages called into clean up necrotic cellu-
lar debris. 
 
Additionally, she pointed out a histoanatomic 
feature which is helpful identifying origin of 
a colonic section: the mucosal folds in pre-
sent in the colonic section in this case are 
more prominent in the proximal section of the 
colon and correspond to grossly visible diag-
onal lines on the serosal surface.  
  
Acute radiation syndrome occurs after expo-
sure to a substantial amount of ionizing radi-
ation and may occur as a result of radiother-
apy/radiopharmaceuticals, nuclear accidents, 
or atomic bombings. The effects are depend-
ent on both the dose and type of radiation and 
regions and proportion of the body exposed. 
Systems particularly sensitive to acute radia-
tion injury include the hematopoietic, gastro-
intestinal, integumentary, and nervous sys-
tems. The prodrome phase of ARS occurs im-
mediately after exposure and results in nau-
sea, vomiting, fatigue, or loss of conscious-
ness from autonomic stability.6 This is  

 
Figure 1-5. Intestine, rat. There are necrotic crypts within the intestinal mucosa as well. (HE, 241X) 
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followed by a variable and dose-dependent 
latent period followed by manifest illness.6 
Apoptosis of myeloid precursors in bone 
marrow and peripheral leukocytes (particu-
larly lymphocytes) leads to cytopenias.6,11 
Thrombocytopenia results in hemorrhage, 
while lymphopenia and neutropenia impair 
immune function.6,11 Radiation induced gas-
trointestinal system leads to transmigration of 
bacteria and subsequent septicemia.6 At 
higher levels of exposure, neurologic injury 
and hemorrhage injury occurs.6,11  
 
The radiation exposure level required to in-
duce clinical signs is variable between spe-
cies and between individuals. The LD50/30, 
or the dose where 50% of animals survive 30 
days without medical care, varies from as lit-
tle as 2.5 Gy in swine to up to 10 Gy in Mon-
golian gerbils.6 For reference, 1 Gy is approx-
imately 300 times the annual background ra-
diation exposure of a person in the US.20 

 
Severity is of radiation injury is compounded 
when it is followed by or simultaneous with 
other trauma (i.e. thermal burns, wounds).6,11 
In a canine study, thermal burns covering 
20% of the body resulted in minimal mortal-
ity, but when combined with 1 Gy exposure, 
burns of the same extent caused 73% mortal-
ity.6 This compounded effect is attributed, at 
least in part, to delayed wound healing and 
acute immunosuppression from radiation 

injury.6,11 The likelihood of polytrauma in ra-
diation exposure secondary to nuclear 
weapon detonation is high: approximately 
70% of atomic bomb survivors in Hiroshima 
and Nagasaki and 10% of Chernobyl nuclear 
accident survivors experienced combined in-
juries.11 

 
Effects of acute radiation syndrome are con-
sidered deterministic, as exposure above a 
certain threshold produces these injuries con-
sistently as a result of direct cellular damage 
and tissue reactions.10 Deterministic effects 
may occur acutely or have a late onset.10 Sto-
chastic effects, on the other hand, tend to 
have a late onset and are the result of genetic 
damage. These do not occur as consistently 
as deterministic effects; rather, the incidence 
of disease increases proportionally with the 
degree of exposure. An example of a stochas-
tic effect is an increased risk of cancer due to 
mutations in somatic cell DNA; hereditary 
effects also occur as a result of mutations in 
germline cells.10 

 
Long term stochastic effects of radiation ex-
posure have been extensively documented in 
the Life Span Study, a decades-long and on-
going study evaluating the medical outcomes 
of 93,741 atomic bombing survivors from Hi-
roshima and Nagasaki and 26,580 unexposed 
cohorts.20 The earliest stochastic effect was 
an increase in rates of leukemia seen within 
two years of the bombings. Since then, the 
study has uncovered a significant linear and 
dose dependent increase in the occurrence of 
cancers in multiple locations, including the 
stomach, lung, liver, colon, thyroid, and 
skin.20 Risks of death due to solid cancers, 
stroke, and heart disease are significantly in-
creased in exposed individuals.20 The study 
also found a decrease rate of growth in those 
who were 5-15 years old at the time of the 
bombings.20 

 
References: 

 
Figure 1-6. There are numerous macrophages infiltrat-
ing the lamina propria of irradiated segments of intes-
tine.  (IBA-1, 200X)  
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CASE II:  
 
Signalment:  

Three ~12-week-old male mice (Mus muscu-
lus) on a C57BL/6J background were evalu-
ated.  
 
History:  
Mice were heterozygous knockouts for a 
gene involved in tRNA modification* and  
had no clinically detectable phenotype. The 
mutation had been generated in C57BL/6J 
mice (B6J) and backcrossed to wild-type 
B6J. 
*The phenotype of this mutation is as yet un-
published, and permission has not been 
granted to reveal the specific gene. 
 
Gross Pathology:  
Two of the three male mice had small livers 
at necropsy. 
 
Laboratory Results: 
No laboratory findings reported. 
 
Microscopic Description:  
In the livers of all three mice, portal veins 
were diffusely absent or small and slit-like. 
Portal triads frequently contained multiple 
hepatic arteriolar profiles (arteriolar redupli-
cation), many of which had thickening of the 
tunica media. Periportal lymphatics were di-
lated and prominent and mild dilation of he-
patic sinusoids was also present multifocally. 
Two of the three mice also had multifocal, 
random and perivascular small aggregates of 
infiltrating leukocytes, sometimes accompa-
nied by focal loss or degeneration of hepato-
cytes. Infiltrating leukocytes consisted of 
mononuclear cells and, less frequently, neu-
trophils. 
 
Contributor’s Morphologic Diagnoses:  
Liver:  
1. Portal vein hypoplasia, diffuse, severe, 
with lymphatic ectasia and arteriolar redupli-
cation 
2. Mononuclear and neutrophilic infiltration, 
random and perivascular, mild 

 
Figure 2-1. Liver, mouse. Three sections of the liver are 
submitted for examination.  There are no changes evi-
dent at subgross magnification. (HE, 6X) 
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Contributor’s Comment:  
Portal vein hypoplasia is the histologic man-
ifestation of intra or extrahepatic portosys-
temic shunting (PSS).1,4 In dogs, the term mi-
crovascular dysplasia (MVD) has been used 
to describe histologic findings of PSS in the 
absence of a detectable shunt but, because the 
histology and pathogenesis of MVD overlap 
with that of congenital PSS, the morphologic 
diagnosis of portal hypoplasia is now pre-
ferred for both conditions according to the 
World Small Animal Veterinary Associa-
tion.4 Portal vein hypoplasia is characterized 
by absent or slit-like portal vein profiles and 
increased hepatic arteriolar profiles, or arteri-
olar reduplication. Arteriolar reduplication 
can occur with portal hypertension6, however 
congenital PSS lacks portal hypertension 
and, as in this submission, associated changes 
of portal fibrosis may be absent. In PSS, arte-
riolar duplication may represent a compensa-
tory response to decreased portal delivery of 
trophic factors to hepatocytes.1 

 
Spontaneous congenital portosystemic shunt-
ing (PSS) with a microscopic appearance 
similar to this submission was recently de-
scribed in a fairly high (~25%) number of 
C57BL6/J mice.2 Affected mice were both 
transgenic and wild-type and originated from 
multiple different institutions, thus the find-
ing was believed to be background strain-re-
lated. Shunting was not visible grossly and 
was confirmed by microscopy and by spe-
cialized imaging of blood flow through the 
liver. Based on shunt location (within the left 
side of the liver), pathogenesis was specu-
lated to involve persistence of the ductus 
venosus (shunts blood from placenta to vena 
cava in the fetus). Inheritance was non-Men-
delian and epigenetic alterations were sus-
pected. As is typical of PSS in dogs, bilirubin, 
alanine aminotransferase (ALT), and aspar-
tate aminotransferase (AST) remained within 
historic reference intervals, although affected 

mice had greater variation in AST and ALT. 
Bile acids may be more diagnostic but are not 
routinely performed in mice. Of note, af-
fected mice were originally identified by an 
abnormal brain neurochemical profile (ele-
vated glutamine) during screening by proton 
magnetic resonance spectroscopy. Glutamine 
is an end-product of ammonia detoxification 
by astrocytes in hepatic encephalopathy. Alt-
hough symptoms of hepatic encephalopathy 
were not described, elevation of brain gluta-
mine levels correlated with portosystemic 
shunting and may indicate some level of sub-
clinical metabolic encephalopathy.2 Thus, al-
tered metabolism and/or neurochemistry in 
B6J mice with this defect may affect their 
suitability for research. 
 
Based on this previous report, intrahepatic 
shunting may be more common than typi-
cally realized in mice and caution is war-
ranted in specifically ascribing a finding of 
portal hypoplasia to genetic manipulation. In 
this submission, it was not possible to deter-
mine whether portal vein hypoplasia was re-
lated to the knockout gene, but spontaneous 
occurrence was suspected due to the back-
ground strain and the lack of a biologically 
plausible link between the knockout to the le-
sion. It is intriguing that the lesion was 

 
Figure 2-2. Liver, mouse. Hepatic lobules are decreased 
in size; portal triads are in close proximity. (HE, 100X) 
(Photo courtesy of: University of Michigan Unit for La-
boratory Animal Medicine In Vivo Animal Core (IVAC) 
https://animalcare.umich.edu/business-services/vivo-
animal-core) 
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present in 3 of 3 male but 0 of 3 female het-
erozygotes, however the knockout was not 
restricted to the liver nor was a sex-linked or 
liver-restricted phenotype expected. Other 
mice from the strain were not available for 
evaluation. No clinical signs suggestive of 
symptomatic portosystemic shunting (neuro-
logical symptoms, small size) were seen, alt-
hough 2 of the male mice were noted to have 
small livers at necropsy.  
 
Small foci of random or perivascular infiltrat-
ing leukocytes as seen in these mice are com-
mon murine background findings. Since they 
were occasionally accompanied by hepato-
cyte loss, they may have been exacerbated in 
this case by decreased trophic supply of nu-
trients to hepatocytes due to portal hypo-
plasia. 
 
Contributing Institution:  
University of Michigan Unit for Laboratory 
Animal Medicine In Vivo Animal Core 
(IVAC) https://animalcare.umich.edu/busi-
ness-services/vivo-animal-core 
 
JPC Diagnosis: 

Liver, portal areas: Venous hypoplasia, mul-
tifocal.   
 
JPC Comment:   
The histologic appearance in this case is char-
acteristic of portal vein hypoperfusion: de-
creased portal vein profiles, increased num-
bers of arteriolar profiles due compensatory 
hyperperfusion, and hepatocellular atrophy 
with irregularly spaced small portal triads. 
Portal vein hypoperfusion can also feature 
periportal fibrosis, biliary ductular reaction, 
and lipogranulomas.3,4  
 
Portal vein hypoperfusion is the non-specific 
result of several distinct diseases. In many of 
these conditions, hypoperfusion is the result 
of portal hypertension, which can result in as-
cites, a useful distinguishing clinical charac-
teristic. Examples of diseases which produce 
portal hypertension include arterioportal fis-
tulas, obstruction of the portal vein, and pri-
mary portal vein hypoplasia.4 Obstruction of 
the portal vein may occur due to thrombosis 
or neoplasia and leads to decreased portal 
blood flow and hypoperfusion. In arteriove-
nous fistulas, blood travels from a higher-

 
Figure 2-3. Liver, mouse. Portal areas contain multiple sections of arterioles, bile ducts, and dilated lymphatics.  Portal venules 
are not evident. (HE, 381X) 

https://animalcare.umich.edu/business-services/vivo-animal-core
https://animalcare.umich.edu/business-services/vivo-animal-core
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pressure artery into the portal vein, leading to 
retrograde venous blood flow. While the di-
rectly affected lobe contains venous aneurys-
mal dilations and thick tortuous arteries, sub-
sequent portal hypertension causes character-
istic portal vein hypoperfusion in the unaf-
fected lobes. Primary hypoplasia of the portal 
vein may occur in extrahepatic or intrahe-
patic locations. Some forms are mild, and his-
tologic lesions are limited to those of hy-
poperfusion; moderate to severe forms are 
characterized by portal fibrosis and portal hy-
pertension. 
 
The end result of portal hypertension is ac-
quired portosystemic shunting of blood, 
where blood flows through numerous en-
larged and tortuous collateral veins to reach 
systemic circulation. Congenital portosys-
temic shunts, on the other hand, characteris-
tically lack portal hypertension. The flow of 
blood bypasses the liver, traveling directly 
from portal vessels to the caudal vena cava or 
azygous vein and causing portal vein hy-
poperfusion. 
 
Several features of portosystemic shunts in 
C57BL/6J mice were described in a recent 
study evaluating the effect of portal circula-
tion in non-alcoholic fatty liver disease.5 In 
PSS mice, the hepatic surface was faintly 
nodular and dull compared to normal livers.5 
Staining with pimonidazole, a hypoxia 
marker, revealed strong staining in the cen-
trolobular region but negative staining in the 
portal regions, illustrating that arteriolar 
compensation for portal hypoperfusion was 
not able to fully oxygenate the distant cen-
trolobular zone.5 When given the hepatotoxin 
carbon tetrachloride, PSS mice had less he-
patic injury than non-PSS mice.5 This was 
previously reported to be due to decreased 
CYP2E1 expression; however, this study 
found CYP2E1 expression was increased in 
PSS mice and the authors speculated that 

decreased oxygen availability from hypoxia 
may have reduced free radical generation.5 

 
The moderator described some of the porto-
systemic shunts may have on research stud-
ies, including smaller livers, altered neuro-
chemical phenotypes, and altered metabolism 
of drugs and xenobiotics.  Participants also 
discussed the hepatocellular anisokaryosis, 
particularly in the mid-zonal regions, which 
is an incidental aging change due to poly-
ploidy. 
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CASE III:   
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Signalment:  
13-month-old, female-intact, Sprague-Daw-
ley rat (Rattus norvegicus) 
 
History:  
Sentinel rat, presented with abdominal dis-
tention. On physical examination, the clini-
cian palpated a freely moveable, large, firm 
mass within the peritoneal cavity.  
 
Gross Pathology:  
The animal is underconditioned (2/5 score). 
The right kidney is 2.834 g, the left kidney is 
122.0 g. The mass is surrounded but not ad-
hered to omentum.  Approximately 90% of 
the right kidney is replaced by a 7 x 5.5 x 5 
cm, discrete, encapsulated, semi-firm, pale-
tan to brown to red, multilobular mass. On cut 
section, the mass is composed of smooth, ho-
mogeneous, pale-tan regions surrounding a 
friable, dark-red to brown core.  
 
Laboratory Results: 
Immunohistochemistry and special stains: 
Vimentin: Strong, diffuse, cytoplasmic im-
munoreactivity of blastemal and stromal ne-
oplastic populations. The primitive tubular 
epithelial structures are negative.  
 

Cytokeratin wide-spectrum screening 
(WSS): Strong, diffuse, cytoplasmic immu-
noreactivity of tubular epithelial neoplastic 
cell populations. The blastemal and stromal 
components negative. 
 
Wilms tumor protein (WT1): Moderate, dif-
fuse, nuclear immunoreactivity of the blaste-
mal with variable immunoreactivity of the 
stromal neoplastic population and rare, 
equivocal nuclear immunoreactivity of a few 
tubular structures. 
N.b. Normal renal tubular and glomerular ep-
ithelium also has moderate, variable nuclear 
immunoreactivity.  
 
Masson’s Trichrome: Masson’s trichrome 
confirms the presence of collagen within the 
tumor population (blue staining) and suggests 
differentiation into muscle (red staining).  
 
Microscopic Description:  
Arising from, compressing, and replacing ap-
proximately 50% of the renal parenchyma is 
a partially encapsulated, multilobular, ill-de-
marcated, expansile and densely cellular ne-
oplasm that extends to cut borders. The neo-
plasm is composed of three haphazardly or-
ganized cell populations: epithelial, stromal 
and blastemal. The epithelial component is 
characterized by cuboidal to columnar cells 
which form tubules rimmed by a few layers 
of blastemal cells. The stromal population is 

 
Figure 3-1. Kidney, rat. The right kidney is replaced by a 
multilobular, pale-tan to red to brown, irregular, 
smooth mass. Sprague-Dawley rat. (Photo courtesy of 
Laboratory of Comparative Pathology; Hospital for Spe-
cial Surgery, Memorial Sloan Kettering Cancer Center, 
The Rockefeller University, Weill Cornell Medicine. 
https://www.mskcc.org/research-areas/programs-
centers/comparative-medicine-pathology) 

 
Figure 3-2. Kidney, rat. A section of kidney with a large 
unencapsulated mass is submitted for examination.  
(HE, 3X) 
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composed of fusiform cells arranged in bun-
dles and are supported by a loose fibrovascu-
lar stroma. Multifocally, there is differentia-
tion of the mesenchymal cells into collagen, 
striated and smooth muscle. The blastemal 
population is composed of dense streams of 
basophilic polygonal cells with scant cyto-
plasm, and indistinct cell borders. Anisocyto-
sis and anisokaryosis are mild. The mitotic  
count in the blastemal population is high, but 
low in the other populations. The mass has 
large lakes of necrosis, hemorrhage, edema, 
fibrin and rare mineralization, admixed with 
large numbers of degenerate and non-degen-
erate neutrophils, macrophages, and lesser 
numbers of lymphocytes and plasma cells. 
Multifocally, vessels are partially occluded 
by fibrin thrombi. At the margins of the mass, 
scattered within the stromal population, are 
small numbers of misshapen, partially devel-
oped and variably sclerotic glomeruli, occa-
sionally surrounded by an ectatic Bowman’s 
space. Adjacent to these, there are small num-
bers of variably sized tubules, which are not 
surrounded by a rim of blastemal cells.  
 
Contributor’s Morphologic Diagnoses:  

Kidney: Triphasic nephroblastoma with stri-
ated and smooth muscle differentiation (syn: 
Wilms Tumor)  
 
Contributor’s Comment:  
A nephroblastoma, also known as a Wilms 
tumor (WT), is an undifferentiated, embryo-
nal, mesodermal tumor with multipotent dif-
ferentiation capabilities, that is thought to 
arise from the primitive renal stem cell.14 It is 
the most common renal tumor in childhood.9 
In human pediatric patients, it is associated 
with germline and/or somatic mutations of 
the WT1 gene, but other genes are thought to 
be involved as well3. Precursor lesions of WT 
are so called nephrogenic rests and are de-
fined as “a focus of abnormally persistent 
nephrogenic cells, meaning cells that can be 
induced to form a Wilms’ tumor”.3  
 
Histologically, WT present with three dis-
tinct cell types: epithelial, stromal, and blas-
temal. All three elements are not required for 
diagnosis, but when all are present, the term 
“triphasic” is used. Heterologous compo-
nents, including collagen, smooth muscle, 
skeletal muscle, cartilage, and bone may also 

 
Figure 3-3.  Kidney, rat. The blastemal population is 
composed of dense streams of basophilic polygonal 
cells with scant cytoplasm, and indistinct cell borders. 
(HE, 400X) (Photo courtesy of Laboratory of Compara-
tive Pathology; Hospital for Special Surgery, Memorial 
Sloan Kettering Cancer Center, The Rockefeller Univer-
sity, Weill Cornell Medicine. 
https://www.mskcc.org/research-areas/programs-
centers/comparative-medicine-pathology) 

 
Figure 3-4.  Kidney, rat. The stromal population is com-
posed of fusiform cells arranged in bundles and are sup-
ported by a loose fibrovascular stroma. (HE, 400X) 
(Photo courtesy of Laboratory of Comparative Pathol-
ogy; Hospital for Special Surgery, Memorial Sloan Ket-
tering Cancer Center, The Rockefeller University, Weill 
Cornell Medicine. https://www.mskcc.org/research-ar-
eas/programs-centers/comparative-medicine-pathol-
ogy) 
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be present. Zhuang et al. showed that the 
blastemal, epithelial, stromal, and other het-
erologous components of WT all have identi-
cal genetic changes, suggesting all features of 
this tumor are neoplastic.21 

 
In laboratory animals, nephroblastomas have 
been frequently reported in rats, but are infre-
quent in mice and non-human primates.4,6 In 
rats, nephroblastomas occur both experimen-
tally and spontaneously. Experimentally, 
they can be induced by chemical administra-
tion of N-ethyl-N-nitrosurea or N-methyl-N-
nitrosourea, both alkylating agents.20 Sponta-
neously, they have been reported in Sprague-
Dawley and F344 rats, with only rare reports 
of metastases to the lymph nodes and 
lungs.5,18 No metastases were identified in 
our case.  
 
The diagnosis of triphasic WT was based on 
the presence of blastemal, epithelial, and 
stromal components. Primitive tubular struc-
tures, surrounded by a rim of blastemal cells 
were identified, however, there was no evi-
dence of primitive glomeruloid structures. In 
addition, there was widespread differentia-
tion of the stromal components into striated 

and smooth muscle, and collagen. The diag-
nosis of WT was aided by immunoreactivity 
of both blastemal and stromal populations 
with WT1, vimentin and immuno-negativity 
for cytokeratin WSS. The epithelial compo-
nent was positive for cytokeratin, equivocally 
immunoreactive for WT1 and negative for vi-
mentin. However, from our search, the veter-
inary literature is inconclusive regarding im-
munohistochemical profiles of these tumors, 
especially regarding the epithelial compo-
nent. This may in part be due to the challenge 
in differentiating the epithelial population 
from the blastemal population, the choice of 
antibody, or the up/downregulation of certain 
proteins at different cellular developmental 
stages. In our case, the identification of epi-
thelial components was simplified by the 
presence of discrete tubular structures, which 
were immunoreactive with cytokeratin WSS.  
 
The main differential diagnosis for a WT is a 
renal mesenchymal tumor (RMT). RMTs 
arise from multipotential spindle-shaped 
mesenchymal cells, and, like WTs, can also 
give rise to heterologous components, such as 
smooth or skeletal muscle, fibrous tissue, car-
tilage and/or bone.17 Further misleading 

 
Figure 3-5. Kidney, rat. The epithelial component is 
characterized by cuboidal to columnar cells which form 
tubules rimmed by a few layers of blastemal cells. (HE, 
400X)  (Photo courtesy of Laboratory of Comparative 
Pathology; Hospital for Special Surgery, Memorial 
Sloan Kettering Cancer Center, The Rockefeller Univer-
sity, Weill Cornell Medicine. 
https://www.mskcc.org/research-areas/programs-
centers/comparative-medicine-pathology) 

 
Figure 3-6 Kidney, rat. The stromal population has large 
areas with heterologous smooth muscle differentiation. 
(HE, 400X)   (Photo courtesy of Laboratory of Compara-
tive Pathology; Hospital for Special Surgery, Memorial 
Sloan Kettering Cancer Center, The Rockefeller Univer-
sity, Weill Cornell Medicine. 
https://www.mskcc.org/research-areas/programs-
centers/comparative-medicine-pathology) 
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pathologists, profiles of hyperplastic tubules 
are frequently found in RMTs, but these are 
considered preexisting entrapped renal tu-
bules, rather than newly formed. The pathog-
nomonic feature of WTs is the population of 
blastemal cells, which are immediately ap-
parent in our case.  
 
Finally, the significance of multiple, individ-
ual, partially developed, and variably scle-
rotic glomeruli, as well as variably sized tu-
bules within the stromal population at the 
margins of the tumor is not determined. We 
suspect these may represent normal renal 
structures that were entrapped and separated 
from the renal parenchyma at the early onset 
of neoplasia. However, we cannot exclude 
that they may have arisen de novo.  
 
Contributing Institution:  
Laboratory of Comparative Pathology; Hos-
pital for Special Surgery, Memorial Sloan 
Kettering Cancer Center, The Rockefeller 
University, Weill Cornell Medicine.  
https://www.mskcc.org/research-areas/pro-
grams-centers/comparative-medicine-pathol-
ogy 
 
JPC Diagnosis: 
Kidney: Nephroblastoma. 
 

JPC Comment:   
Nephroblastomas are the most common renal 
neoplasms in pigs, chickens, and fish.13 In 
pigs, they generally exhibit a benign behav-
ior.13 Nephroblastomas also occur in a variety 
of other veterinary species, including dogs, 
cats, bovine fetuses, Japanese eels, guanacos, 
cottontail rabbits, and budgerigars.1,8,10,16 In 
recent literature, a primary nephroblastoma 
was reported in the nasopharynx of a 3-
month-old Boer goat, and unilateral stromal-
type nephroblastomas were reported in the 
kidneys of two hedgehogs.2,19 

 
In dogs, nephroblastomas are the third most 
common renal neoplasm, accounting for ap-
proximately 5% of renal neoplasia.13 Up to 
50% of canine nephroblastomas metastasize, 
and potential sites include the contralateral 
kidney, lung, liver, mesenteric lymph nodes, 
and spinal cord.7 A recent report also de-
scribed the first documented case of gingival 
metastasis in an 8 year old miniature Pin-
scher.7  Primary spinal nephroblastomas also 
occur in young dogs, arising from nephro-
genic rests between the dura and spinal cord, 
typically in the thoracolumbar region.12 A re-
cent report in a 1-year-old male American 
pitbull terrier documented multifocal spinal 
nephroblastomas arising in the thoracolum-
bar region, cervical intumescence, sacral 

 
Figure 3-7.  Kidney rat. The tubular structures formed 
by the epithelial population have strong cytoplasmic 
immunoreactivity, while the surrounding blastemal 
cells are negative. Cytokeratin WSS IHC. 

 
Figure 3-8.  Kidney, rat. The blastemal and stromal pop-
ulations have moderate cytoplasmic immunoreactivity, 
while the tubular structures of the epithelial population 
are negative. Vimentin IHC. 
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segment, and cauda equina.11 The authors be-
lieved that neoplastic seeding of the CNS re-
sulted in the multifocal distribution, because 
vascular invasion was not observed but neo-
plastic cells expanded Virchow-Robbins 
spaces (which are continuous with the sub-
arachnoid space).11 

 
Differential diagnoses discussed by the con-
tributor included renal cell carcinoma, renal 
mesenchymal tumor, amphophilic vacuolar 
tumor, renal sarcoma, and liposarcoma; diag-
nostic criteria for the tumors can be reviewed 
on the Global Open Registry Nomenclature 
Information System at goRENI.org. 
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CASE IV:  
 
Signalment:  
Adult, female, Sprague Dawley rat, Rattus 
norvegicus 
 
History:  
The animal was in the control group on a 5-
week general toxicology study. The animal 
was dosed with vehicle via oral gavage and 
had no notable clinical signs. 
 

Gross Pathology:  
There were no significant gross lesions. 
 
Laboratory Results: 
There were no abnormalities on urinalysis, 
serum chemistry, or hematology. 
 
Microscopic Description:  
In a section of kidney, at the junction of the 
medulla and cortex are multifocal areas of 
proliferative stellate to polygonal blastemal 
cells separating and infiltrating between nor-
mal fully developed tubules supported by a 
small amount of fine fibrovascular stroma. 
The blastemal cells have a small amount of 
pale basophilic cytoplasm, have indistinct 
cell borders, and are arranged in streams, 
nests, rosettes, and irregular tubules. The tu-
bules are lined by a single layer of epithelial 
cells or are piled haphazardly. The cells have 
ovoid nuclei with finely stippled chromatin 
and 1-3 nucleoli. There are 1-2 mitoses per 
high power (400x) field. Small numbers of 
lymphocytes infiltrate these areas. Adjacent 
areas of the medulla and cortex appear unaf-
fected.  
 
Contributor’s Morphologic Diagnoses:  
Kidney: Multifocal nephroblastematosis 
 
Contributor’s Comment:  
Nephroblastematosis is a spontaneous/inci-

dental lesion that can be encountered in rats 

 
Figure 4-1. Kidney, rat. One section of kidney is submit-
ted for examination. There are multiple hypercellular 
foci within the cortex. (HE, 5X) (Photo courtesy of:  
Charles River Laboratories, Mattawan, MI) 
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in toxicologic studies.2 This condition is also 
known as nephroblastomatosis, blastemal 
rest, nephrogenic rest, or intralobar nephro-
blastematosis and has been reported in rats, 
dogs, and human children.2,5,6,7 Nephroblas-
tematosis can be encountered in any age of 
rat and may have the potential to develop into 
nephroblastomas as the lesions enlarge; thus, 
they are regarded as preneoplastic le-
sions.1,2,6,7 These lesions are not grossly ap-
parent, and by the time the lesions are large 
enough to be observed grossly, they are more 
consistent with a diagnosis of nephroblas-
toma.7  
 
As described, the lesions are composed of 
microscopic masses at the corticomedullary 
junction composed of dense blastemal cells 
with scant basophilic cytoplasm and baso-
philic nuclei (Figure 1).2 There may be rare 
renal organoid differentiation into rosettes, 
glomeruloid structures and tubules (Figure 
2).2 Adjacent pars recta tubules may have mi-
totic figures, which is an autocrine response 
to the blastema.1 These lesions usually do not 
cause severe disruption of the surrounding 
kidney architecture, though may be associ-
ated with dilated tubules.7 

 
Nephroblastoma is the main differential for 
this lesion, though the delineation between 
these findings appears arbitrary and based on 
size and degree of organoid differentiation 
such as more tubules and glomerular struc-
tures.2,7 Nephroblastematosis also usually 
presents with a multifocal nature, as in this 
case.2  
 
In humans, nephrogenic rests are differenti-
ated into incipient, dormant, involuting, hy-
perplastic, or neoplastic rests.1,5 Incipient 
rests have microscopic evidence of prolifera-
tion or maturation and are seen in infants.5 
Dormant rests are present in older people and 
may remain unchanged for years.1,5 Involut-
ing, also known as sclerosing or obsolescent, 

rests are composed of a well-formed tubule 
lined by a single layer of low-cuboidal epi-
thelium surrounded by dense collagen, and 
may eventually disappear.1,5 Hyperplastic 
rests exhibit proliferation in diffuse or focal 
areas and may progress to grossly apparent 
masses.1 Neoplastic rests are those in which 
neoplastic transformation occurs within sin-
gle cells of the rest which go on to produce 
Wilms tumor.1 These rests can also be sepa-
rated into perilobar or intralobar nephrogenic 
rests.1 Perilobar nephrogenic rests occur at 
the periphery of the lobe, whereas intralobar 
rests occur anywhere within the lobe.1 In hu-
mans, intralobar nephrogenic rests have been 
associated with loss or mutation of the WT1 
gene.1   
 
Some authors refer to nephroblastematosis in 
rats, which have a unilobar kidney, as intra-
lobar nephroblastematosis as the blastemal 
cells occur within the lobule at the corticome-
dullary junction.7 While some authors con-
sider the terms nephroblastematosis and 
nephroblastomatosis to be synonymous, oth-
ers consider the terminology nephroblasto-
matosis to represent multiple grossly appar-
ent nephroblastomas.2,7 Nephroblastematosis 
is the preferred terminology by the Interna-
tional Harmonization of Nomenclature and 
Diagnostic Criteria for Lesions in Rats and 
Mice (INHAND) Project and Standardization 
for Exchange of Nonclinical Data (SEND).2  
 
Contributing Institution:  
Charles River Laboratories, Mattawan, MI 

 
Figure 4-2.  Kidney, rat. Tubules are surrounded and 
separated by blastemal cells.  (HE, 200X) (Photo cour-
tesy of:  Charles River Laboratories, Mattawan, MI) 
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JPC Diagnosis: 
Kidney: Nephroblastematosis, multifocal. 
 
JPC Comment:   
The contributor provides a thorough descrip-
tion of an uncommonly documented lesion in 
veterinary species, and this case of nephro-
blastematosis provides a glimpse of pre-neo-
plastic changes which may have proceeded 
the nephroblastoma from Case 3 of this con-
ference. 
 
Nephroblastematosis was first described in a 
1961 report of a premature human infant at 
32 weeks gestation.4 The cortical surfaces 
were enlarged and slightly lobulated, and 
they kidneys were histologically consistent 
with 14-16-week gestational age, with blaste-
mal cells surrounding areas of stroma, tu-
bules, and glomeruli. 4 In that case, both kid-
neys were diffusely affected, but it is now 
known that nephroblastomatosis more com-
monly occurs focally or multifocally. 4 Dur-
ing normal embryogenesis, migration of the 
ureteric bud into the metanephric blastema 
induces development of glomeruli, nephrons, 
and stroma. 4 Defects earlier in nephrogenesis 
result in the failure of differentiation in intra-
lobular nephrogenic rests, while later defects 
result in persistent perilobular rests. 4 
Nephroblastematosis occurs when nephro-
genic rests persist beyond 34-36 weeks ges-
tation in humans. 4 Nephrogenic rests are 
found in approximately 1% of all human pe-
diatric autopsies, with perilobar the most 
common location. 4 All nephrogenic rests 

have the potential to become neoplastic, ei-
ther as adenomas (i.e. metanephric adenoma 
or adenofibroma) or nephroblastomas. 4 In 
humans, however, regression is much more 
common, and only approximately 1% pro-
gress to neoplasia. 4 
 
As the contributor alludes to, differentiating 
nephroblastomatosis and nephroblastoma is 
challenging. In humans, nephrogenic rests 
generally have irregular margins, lack encap-
sulation, may have foci of sclerosis between 
rests, whereas nephroblastomas are generally 
round with pseudoencapsulation and may 
lack sclerosis.4 Pre-existing non-neoplastic 
blastema may be found along the periphery 
of nephroblastomas.4 Conference partici-
pants remarked about the presence of irregu-
lar tubules which could lead a pathologist to 
diagnose nephroblastoma, but elected to fol-
low criteria from human literature described 
above. 
 
Reports of nephroblastematosis are very rare 
in veterinary species, and the contributor co-
vers this condition in rats well. Additionally, 
nephroblastomatosis has also been described 
as an incidental finding in a single cynomol-
gus macaque.3  
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