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Spontaneous vascular mineralization (deposition of iron or 
calcium salts) has been reported to occur in the brains of both 
humans and animals. This symptom has been observed in marble 
brain syndrome, mineralizing microangiopathy, hypothyroidism, 
Fahr syndrome, Sturge–Weber syndrome, cerebral autosomal 
dominant arteriopathy with subcortical infarcts and leukoen-
cephalopathy, and calciphylaxis in humans1,2,3,4 and as an aging 
or idiopathic lesion in the brains of horses, cats, nonhuman pri-
mates, mice, rats, cattle, white-tailed deer and dogs.5,6,7, 8-11 Vessels 
of the internal capsule, globus pallidus, cerebellar dentate nucle-
us, and infrequently, hippocampus are affected preferentially in 
horses, cattle, and, less commonly, dogs.7 Meningeal vessels in old 
cats, old horses, and cattle as well as vessels in the choroid plexus 
of old cats are other sites of vascular mineralization, but obvious 
ischemic damage is rarely associated with mineralization as a 
primary lesion in any animal species.7 Here we present a chim-
panzee (Pan troglodytes) with extensive vascular mineralization 
that was localized solely to the brain.

Case Report
This 27-y-old, adult male chimpanzee was born at the Yerkes 

National Primate Research Center. He was socially housed in  

outdoor-indoor enclosures in accordance with the Guide for the 
Care and Use of Laboratory Animals12 and Animal Welfare Act and 
Regulations13,14 and fed a low-fat, commercial primate diet (Mon-
key Diet Jumbo 5037, Purina Mills, St Louis, MO), with daily fruit 
and vegetable supplementation. In September 2010, approximate-
ly 13 d before he was euthanized, the chimpanzee presented with 
moderately decreased tone and strength of the left leg, and the 
thigh muscles of both legs were noted to be mildly atrophied. 
Subsequently, tremors of both arms (more prominent in the left 
arm) occurred over the next 7 d. On day 8, limb tremors contin-
ued, and impaired mobility and decreased appetite were pres-
ent. By day 12, both hindlegs were flaccid, joints were lax, and 
muscles of both hindlimbs (thigh and calf) appeared atrophied. 
In addition, the chimpanzee had obvious motor deficits (severe 
wobbling when attempting to ambulate) in both legs, with the 
left leg apparently affected more severely. MRI performed on the 
same day revealed multiple radiolucent hypointense foci in the 
brain; some of the lesions were located in the motor cortex. The 
animal was unable to recover from anesthesia after imaging, and 
euthanasia was elected due to his deteriorating condition and 
poor prognosis.

The history of this chimpanzee at our facility included a 
behavioral study in which his motor skills and performance 
were measured.15 In terms of motor skills, the chimpanzee had 
2 noteworthy limitations. First, he was very reluctant to use 
his left hand for grasping small food items, which is very un-
usual because all chimpanzees typically are able to use either 
hand, with nearly equal effort, for grasping.16 Second, he ex-
hibited poor tool-use behavior. As enrichment, chimpanzees 
at the center are provided with artificial tool-use devices that 
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histopathologic analysis. Formalin-fixed specimens were embed-
ded in paraffin, sectioned at 4 μm, and stained with hematoxylin 
and eosin. According to the results of the microscopic analysis, 
the sections of brain were treated with von Kossa (for mineral), 
Alizarin red (calcium), Congo red (amyloid), Masson trichrome 
(collagen), and Perls iron (ferritin or iron) stains.

Frequently, the blood vessels in the gray matter and occasion-
ally in the white matter of the cerebral parenchyma had trans-
mural aggregates of a granular, basophilic material (mineral) 
accompanied by extensive gliosis and loss of neuropil (Figure 3 
A, B, and F). Moderate to severe expansion of the vascular wall 
due to deposition of mature collagen in the tunica media often 
was present in the cerebral gray matter and intermixed with 
axonal spheroids and aggregates of a brown pigment (hemo-
siderin; Figure 3 B and D). Similar lesions were present in the 
basal ganglia and cerebellum. Frequently, vessels in the choroid 
plexus had similar deposition of collagen, which often occluded 
the vascular lumen (Figure 3 C and E). Congo red failed to re-
veal any amyloid deposits in the brain. The gray matter of the 
thoracic spinal cord had focal extensive infarction intermixed 
with moderate number of gitter cells, swollen axons with dis-
tended myelin sheaths, and axonal spheroids (Figure 3 H). The 
lumbar spinal cord had small, rare foci of hemorrhage in the 
gray and white matter. Lesions in other organs included moder-
ate multifocal interstitial nephritis with renal amyloidosis and 
mild myocardial fibrosis.

Genetic sequencing analysis was performed to rule out 
marble brain disease and cerebral autosomal dominant arteri-
opathy with subcortical infarcts and leukoencephalopathy in 
this animal, given that the carbonic anhydrase II and Notch 3 
genes have been implicated in vascular mineralization in these 
conditions, respectively, in humans.421,22 Sequencing primers 
were designed by using the whole-genome DNA sequence of 
the common chimpanzee (Pan troglodytes).23 Exonic sequence 
data were obtained from the UCSC genome browser (http://
genome.ucsc.edu/cgi-bin/hgGateway), and primers to span 
each exon were designed by using Primer3 (http://frodo.
wi.mit.edu). Although differences between the sequenced sub-
ject and the chimpanzee reference genome (CSAC 2.1.4/pan-
TRo4) were noted within the exons of the carbonic anhydrase 
II gene, none of the single-nucleotide polymorphisms led to a 
nonsynonymous amino acid change and thus was unlikely to 
be the causative factor for the observed phenotype. Given that 
the Notch 3 gene has 33 coding exons, we focused our search in 
areas already shown to be polymorphic in chimpanzees23 and 
sequenced only exons 1, 2, 3, and 4. In addition, mutations in 
these exons have been associated with disease in humans.22 No 
differences were observed between the coding regions of our 
subject and the reference chimpanzee genome in these regions. 
It is possible that variation within other regions of the Notch3 
gene exists but has not been assessed to date.

Discussion
This case report presents severe, spontaneous, vascular min-

eralization in the brain of a chimpanzee. This lesion was first de-
tected on MRI scans performed in 2002 and then again in 2010; 
these scans revealed extensive foci of mineralization in the brain 
without any associated clinical signs over the intervening 8 y. 
Interestingly, the amount of the affected tissue appeared larg-
er in the 2002 T1-weighted series than in the 2010 T1-weighted  

require them to use small sticks for probing into a hole to extract 
food, a task designed to simulate termite fishing by wild apes. 
Of the 188 chimpanzees examined by using this task, this ani-
mal had the worst performance.15 In addition, even though he 
did fairly well cognitively on a series of projects that measured 
his ability to solve tasks based on physical cues such as spatial 
memory, understanding how tools work, and quantity discrimi-
nation, this animal did relatively poorly on tasks that assessed 
his understanding of social cues, notably the following of gaze 
and comprehension of communicative signals. However, even 
though this chimpanzee understood social cues very poorly, 
it is important to understand that 27% of the 97 animals tested 
also failed these tasks, so his performance, although poor, was 
not an outlier.17

In 2002, as part of a survey of normal chimpanzee brain mor-
phology, this animal underwent MRI on a 1.5-T machine. T1-
weighted images collected in the transverse plane by using a 
gradient echo protocol revealed extensive, irregular territories 
of very low signal intensity in both hemispheres, which were 
concentrated in the gray and white matter of the cerebral cortex, 
basal ganglia, and internal capsule and the gray and white matter 
of the cerebellum (Figure 1). In 2010, the chimpanzee was scanned 
again immediately prior to euthanasia, by using a broader array 
of protocols including T1-weighted, T2-weighted, susceptibility-
weighted, and MR angiographic imaging protocols. Scanning 
was done on a 3-T machine (Trio, Siemens, Deerfield, IL) in the 
Yerkes Imaging Center. The T1-weighted images were collected 
in the transverse plane with a gradient echo protocol. Susceptibil-
ity-weighted scans, which are especially sensitive to angiopathy, 
hemorrhage, deposition of iron-containing blood products (fer-
ritin and hemosiderin), and calcification,18,19,20 showed damaged 
tissue and iron- and calcium-rich deposits as hypointense foci. 
The scanning results were consistent with lesions resulting from 
micro bleeds. Axonal damage itself might have contributed to the 
hypointense signal. The susceptibility-weighted images showed 
dark regions that often corresponded to those on the 2002 T1-
weighted series, although the affected areas were typically much 
more extensive on susceptibility-weighted images. Comparison 
of the T1-weighted images collected in 2002 and 2010 revealed 
that many of the same lesions were evident in both scans, al-
though the amount of affected tissue appeared greater in the 2002 
scans than in the later scans.

The levels of calcium, phosphorus, magnesium, vitamin D, 
parathyroid hormone, and folic acid in the blood samples collected 
from this animal immediately before euthanasia were within refer-
ence ranges. At necropsy, the animal was in good body condition 
with adequate fat depots. The brain appeared grossly normal, with 
a normal pattern of major cerebral fissures. Gross lesions in other 
organs included multiple mild patchy foci of fibrosis in the myo-
cardium and occasional white streaks in the renal cortices. Intact 
brain and all the other tissue sections were collected in 10% neutral 
buffered formalin. After 2 wk of fixation, brain hemispheres were 
blocked. Visual inspections of the blocks revealed occasional, pe-
techial hemorrhage. Examination of the corresponding regions in 
susceptibility-weighted images obtained by MRI revealed hypoin-
tensities matching the location of the hemorrhage, but additional 
territories of hypointense signal occurred in places that lacked ob-
vious hemorrhagic foci (Figure 2).

Multiple brain sections from cerebrum, cerebellum, and brain 
stem corresponding to the lesions on MRI were processed for  
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Figure 1. Series of axial MRI scans, including T1-weighted images taken in 2002 and T1- and susceptibility-weighted images taken in 2010, showing 
large territories of abnormal signal that appear dark in both T1- and susceptibility-weighted imaging. At each level, arrowheads denote the location 
of abnormalities in matched locations from the 2002 and 2010 T1-weighted and 2010 susceptibility-weighted scans. The abnormalities denoted with 
arrowheads are located in (A, B, D) the gray and white matter of the cerebral cortex, (C) the basal ganglia, and (E) the cerebellum. In the T1-weighted 
scans, the abnormal, dark territories appear to be larger in 2002 than in 2010. The susceptibility-weighted scans from 2010, however, show larger abnor-
malities than those in either of the T1-weighted series. Scale, 1 cm.
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infarcts and leukoencephalopathy, and marble brain disease, 
which are associated with vascular calcification of the brain 
in humans. Hypercholesterolemia and hypertension are oth-
er factors associated with vascular calcification in humans.24 
However, even in the absence of any clinical sign, the mean to-
tal serum cholesterol level in captive chimpanzees at Yerkes is 
much higher than that seen in humans,25 and our chimpanzee 
had normal cholesterol levels—in fact, levels that were low for 
his age group—so a high cholesterol level could not have ac-
counted for the neural lesions. In addition, this animal did not 
exhibit hypertension, given that the blood pressure measurements 

series, possibly due to cessation of the bleeding over the years 
or to resorption of some of the mineral deposits. The pattern of 
signal in the presented chimpanzee is highly unusual and has 
not been noted in any other chimpanzee that has been scanned 
at Yerkes Imaging Center. Therefore this animal’s imaging char-
acteristics were a subject of interest but did not stand out as being 
clinically significant.

Based on the animal’s history, clinical signs, serology, pa-
thology, and genetic analysis, we ruled out renal failure, hy-
poparathyroidism, Fahr syndrome, Sturge–Weber syndrome, 
cerebral autosomal dominant arteriopathy with subcortical 

Figure 2. (A, C, E) Gross findings matched with (B, D) susceptibility-weighted images of the chimpanzee’s brain. (A) The external morphology of the 
brain was unremarkable, showing the normal configuration of cortical gyri and sulci. On dissection, only small territories of blood could be seen, as 
denoted by the black arrowheads in panels A, C, and E. Susceptibility-weighted imaging, however, revealed far more extensive territories of abnormal 
tissue (white arrowheads in B and D), as well as additional territories of abnormal tissue that were not apparent from visual inspection. CS, central 
sulcus; IPS, intraparietal sulcus; LuS, lunate sulcus; and PrCS, precentral sulcus. Scale, 1 cm.

Figure 3. Histopathology. (A) Mostly gray and occasionally white matter in the cerebrum has extensive, basophilic, granular aggregates of mineral (ar-
rows). (B) A higher magnification of the cerebral gray matter shows predominantly intravascular (thin arrows) and occasionally extravascular minerali-
zation accompanied by severe medial to transmural deposition of mature collagen (block arrows) intermixed with hemosiderin deposits (arrowheads) 
and parenchymal loss. (C) Blood vessels in the choroid plexus with severe medial deposition of mature collagen, which often occludes the vascular 
lumen (arrows). (D) Blood vessels in cerebral gray matter showing vascular deposition of mature collagen. (E) Blood vessels in the choroid plexus with 
intravascular deposition of mature collagen. (F) Same section of cerebrum as in panel B with mineralization (arrows). (G) Cerebral gray and white 
matter showing hemosiderin deposits (arrows). (H) The gray matter of thoracic spinal cord shows focal extensive infarction intermixed with gitter cells 
(broad arrows), axonal spheroids and axons with distended myelin sheaths (thin arrows). Hematoxylin and eosin (A–C, H), Masson trichrome (D and 
E), von Kossa (F), and Perls iron (G) stains; magnification: 20× (A), 100× (D and G), and 200× (B, C, E, F, and H).
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taken during routine annual examination were in the median 
to upper range of normotension.

The absence of vascular lesions in any organ except for the 
brain is perplexing and suggests that the etiology for the calci-
fication was localized to the brain. In addition to the mural min-
eralization, the cerebral and choroid plexus blood vessels often 
showed moderate to severe deposition of mature collagen, a po-
tential response to injury. This collagen abnormality could have 
caused vascular fragility, subsequently leading to nonfatal micro 
bleeds in the brain parenchyma, as evidenced by small, scattered 
foci of hemorrhage and aggregates of hemosiderin.

Considering this chimpanzee’s limited grasping skill with 
his left hand as well as his very poor motor skills, the MRI and 
histopathology data are quite consistent. We expected that the 
lesions would be more severe in his right hemisphere, but that 
was not obvious from the scans, and the resolution of the scans 
did not allow us to quantify the magnitude of the lesions in each 
hemisphere. It is unclear why his grasping problems were largely 
unilateral, because the scans and microscopic analysis showed 
significant bilateral lesions in the primary and premotor cortex. 
These lesions were located both in the gray matter and in the 
white matter underlying the cortical regions involved in individ-
ual digit and motor control. Damage to these regions decreases 
neural innervations of the individual digits of the hand, leading 
to poorer motor skill.26 Lesions also were apparent in the basal 
ganglia and cerebellum, and both of these regions are involved 
in motor learning and execution. Therefore, we consider that the 
chimpanzee’s clinical problems, in terms of impaired motor skill 
and extreme lateralization, were consistent with the location of 
the lesions.

With only a single subject, it is difficult to confirm our clinical 
opinion, but our chimpanzee’s case was unusual, and his perfor-
mance on the tool use tasks was unusually poor (in fact, he had 
the worst performance in the colony). Furthermore, the fact that 
he would not use his left hand for certain prehensile grasping 
tasks was and is very unusual. To our knowledge, he is one of 
only 2 chimpanzees that have ever been unwilling or unable to 
use one of their hands for simple grasping tasks in the absence 
of any overt problems with the limb.15 The other chimpanzee to 
show this phenotype had a lesion in the caudate nucleus of the 
hemisphere opposite to the location of the lesion.15

To our knowledge, vascular calcification of the brain in a 
chimpanzee has been reported only once previously. That case 
involved a 4-y-old chimpanzee with progressive neurologic dys-
function, cerebral atrophy, and leucoencephalopathy.11 Our cur-
rent case is remarkable in light of the chronicity of the vascular 
mineralization (at least 8 y), accompanied by deposition of ma-
ture collagen, without any apparent debilitating clinical signs. 
Therefore, we conclude that, as seen in humans,27 the extensive 
vascular calcification could have impaired the animal’s motor 
skills and caused his terminal grand mal seizures, but the infarct 
in the spinal cord was responsible for his progressive paralysis.
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