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Case #10 

 

IDENTIFICATION NUMBER ON SOURCE MATERIAL: 109234-16 “add decal 12” Cornell University 

 

INSTITUTION: 1Cornell University, College of Veterinary Medicine, Department of Biomedical Sciences, 

Section of Anatomic Pathology, Ithaca, NY 

 

SIGNALMENT: 15 week-old, intact female Boston Terrier dog 

 

HISTORY: A 15-week-old, intact female Boston Terrier was presented to the Neurology Service of the 

Cornell University Hospital for Animals with a 7-week history of hyporexia, dysphagia, difficulty 

ambulating, failure to gain weight, and lethargy. The physical examination revealed dull mentation, poor 

body condition, non-ambulatory tetraparesis, severe joint laxity, and bilateral corneal opacities. MRI and 

CT imaging showed evidence of skull malformation, hydrocephalus, cerebral atrophy, severe vertebral 

and intervertebral disc malformations, and epiphyseal dysplasia. Cytology of the blood, cerebrospinal 

fluid, and joint fluid revealed cytoplasmic vacuolation and metachromatic cytoplasmic inclusions in 

neutrophils, lymphocytes, and macrophages. Based on these findings a presumptive diagnosis of 

mucopolysaccharidosis (MPS) was made and the owner elected euthanasia due to the poor prognosis. 

 

GROSS FINDINGS:  

Within both corneas were 0.4 cm in diameter, irregularly shaped areas of white-blue opacity. The left 

and right 10th, 11th, and 12th ribs were widened, flattened, and bulging laterally and ventrally. All four 

limbs had severe laxity of all of their joints and the left forelimb was externally rotated at the carpus. On 

the ventral midline at the level of the umbilicus was a small, 0.6 cm in diameter, focal, round, soft, 

reducible, protrusion (umbilical hernia). 

 

Bilaterally, the proximal epiphyseal plates of the femur and humerus and distal epiphyseal plate of the 

radius and ulna were displaced and irregular (epiphyseal dysplasia). All vertebral bodies were shortened 

with thinning of the cortex and an approximate 1:1 ratio of the vertebra to intervertebral disc length. 

The intervertebral discs were rounded, widened, and hollow at the center and contained clear, loose, 

gelatinous material (dysplastic nucleus pulposus). The rostral mandible at the level of the symphysis was 

widened and thickened up to 3.0 x 3.0 x 1.0 cm. The xiphoid process extended 3.0 cm caudal to the last 

sternebra. On the dorsal surface of both carpi and arising between the carpal bones were five (right) and 

four (left) raised, up to 0.9 x 0.5 x 0.3 cm, well-demarcated, tan to pink, soft, fluctuant, cystic structures 

continuous with the joint capsules. These cystic structures contained <0.5 mL of slightly opaque, red-

tinged fluid. The joints of all four limbs contained mildly increased amounts of cloudy, red-tinged fluid 

and the joint capsules had increased elasticity.  

 



The heart weighed 26.0 g. The leaflet of the tricuspid valve along the interventricular septum was 

glistening, smooth, and focally thickened up to 1.0 x 0.6 x 0.2 cm. The mitral valve had seven similar, 

nodular thickenings up to 0.3 x 0.1 x 0.1 cm. 

 

The meninges were diffusely opaque and moderately thickened. Sectioning of the brain revealed a mild 

dilation of the lateral ventricles (hydrocephalus).  

 

HISTOPATHOLOGIC/CYTOLOGIC FINDINGS: 

Lumbar vertebrae, decalcified (slide “add decal 12”): All of the epiphyseal cartilage is severely thickened 

with an irregular contour and lacking secondary centers of ossification. Multifocally within, and 

occasionally crossing the epiphyseal cartilage are broad tracts that lack cartilage and small blood vessels 

surrounded by abundant large polygonal cells with foamy cytoplasm and eccentric nuclei (transphyseal 

vessels). Consistently bridging the medullary space between epiphyseal cartilage are broad columns of 

cartilage with occasional extensions into the medullary space ventrally and dorsally. Chondrocytes are 

mildly enlarged, rounded, and have finely vacuolated cytoplasm and are occasionally binucleated. At the 

chondro-osseous junction is a narrow proliferative and hypertrophic zone with mineralized cartilage and 

a paucity of osteoclasts. Trabecular bone is sparse and discontinuous with retained cartilage cores. The 

nucleus pulposus is composed of abundant wispy to frothy basophilic matrix, small numbers of scattered 

2 to 4 µm in diameter round, eosinophilic globules, and moderate numbers of large polygonal cells with 

vacuolated cytoplasm and eccentric nuclei. Expanding the collagen fiber matrix of the ventral and dorsal 

longitudinal ligaments are large numbers of individual and clustered large polygonal cells with foamy 

cytoplasm and eccentric nuclei. 

 

MORPHOLOGIC/ETIOLOGIC DIAGNOSIS: 

Lumbar vertebrae:  

1. Chondrodysplasia 

2. Epiphyseal dysplasia with loss of secondary site of ossification 

3. Intervertebral disc dysplasia 

4. Mild osteoporosis 

 

DISCUSSION: 

Lysosomes are small organelles within the cytoplasm that are responsible for the breakdown of 

endogenous and exogenous materials, including byproducts of normal cellular processes8. When 

deficiencies of specific lysosomal acid hydrolases or components of enzyme trafficking occur, substrates 

are not properly catabolized and can accumulate within the lysosomes. This accumulation of the 

substrate is characteristic of lysosomal storage diseases, a heterogeneous group of disorders with a 

common feature of accumulating metabolites. The buildup of this material can cause lysosomes to 

become large and hinder normal cellular processes and may even lead to cell death. Errors in lysosomal 

processing can also result in the accumulation of autophagic substrate during normal cell turnover 

which can cause altered cellular metabolism and result in apoptosis. Long-lived postmitotic cells, fixed 

and mobile macrophages, and the cells most active in metabolizing these substrates are most 

susceptible to storage disease. 



 

Mucopolysaccharidoses (MPSs) are a group of related lysosomal storage diseases that are the result of 

autosomal recessive genetic deficiencies of key enzymes involved in the normal degradation of 

mucopolysaccharides. Mucopolysaccharides are glycosaminoglycans, long-chain carbohydrates attached 

to protein cores that are commonly found in the ground substance of connective tissues throughout the 

body. Examples of glycosaminoglycans include dermatan sulfate, heparin sulfate, keratin sulfate, and 

chondroitin sulfate. MPS disorders are broken down into types designated by the underlying enzyme 

deficiency. For example, Type I MPS is the result of a deficiency in the α-L-Iduronidase enzyme and 

results in the accumulation of dermatan sulfate and heparin sulfate within lysosomes and in the urine. 

Thus far, only MPS types I, II, IIIA, IIIB, IIIC, IIID, VI, and VII have been identified in domestic animals.  

 

The lesions associated with MPS are related to the distribution and functions of the glycosaminoglycans 

affected by the enzyme deficiency. The key gross findings of this case that are consistent with MPS 

include skeletal deformities with shortened vertebral bodies, incomplete ossification of the vertebral 

end plates with subsequent widening of the intervertebral disc spaces, deformed epiphyses of the 

appendicular skeleton, facial dysmorphism, thickening of the atrioventricular valves, meningeal 

thickening and opacity, and bilateral corneal opacities. The secondary ossification center of the distal 

epiphysis of the tibia, for example, is expected to be developed by 10-30 days of age but is completely 

lacking in this dog4. In addition to the vacuolation of chondrocytes, macrophages, and other stromal 

cells in the vertebral column, vacuolation in the Purkinje cells of the cerebellum, the stromal cells and 

macrophages of the aorta and trachea, proximal convoluted tubular epithelial cells, and synovium of 

appendicular joints were also seen in this case. The vacuolation of the epithelial cells of the kidneys is 

thought to reflect high levels of circulating glycosaminoglycans in the blood that are excreted through 

the glomerulus and reabsorbed in the renal tubular epithelium10. Surprisingly, vacuolation of Kupffer 

cells and hepatocytes was not a feature in this case despite being reported in certain types of MPS. 

 

As previously mentioned, one of the early clues of MPS in this case was the presence of metachromatic 

intracytoplasmic inclusions (Alfer-Reilly bodies) in neutrophils, lymphocytes, and macrophages in 

peripheral blood, joint fluid, and cerebrospinal fluid. This is a common finding in cases of MPS and is 

best observed with Leishman or Wright-Giemsa stains as Diff-Quick-stained smears do not reveal 

inclusions as readily in some reports7. 

 

Histochemical staining of the vacuoles was variable with alcian blue and periodic acid-Schiff; however, it 

is suspected that the inclusion material can be lost during processing. In this case, the only cells 

highlighted with alcian blue stain were within the wall of the aorta. Some reports have suggested that 

better success is obtained by using these stains on frozen tissues11.  Electron microscopy could reveal 

dilated lysosomes that appear empty (electron-lucent), electron dense, or contain lamellar swirls (zebra 

bodies). Electron microscopy was not performed in this case.  

 

The combined clinicopathologic, gross, and histologic findings of this puppy are strongly suggestive of 

MPS with features that overlap with other reported cases of MPS in dogs. To help confirm the diagnosis, 

urine was submitted to PennGenn Laboratories at the University of Pennsylvania urinary Berry MPS spot 



test2. This test only detects the presence of mucopolysaccharides in the urine and additional analysis is 

needed to determine the underlying enzyme deficiency. Surprisingly, the glycosaminoglycan and 

enzyme analysis of this dog was not consistent with other known MPS types, suggesting a novel enzyme 

deficiency in this dog. Unfortunately, samples for more advanced testing were not available.  
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