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Introduction: Dynamic-contrast-enhanced magnetic resonance imaging (DCE-MRI) provides a unique method of quantitatively characterizing tissue vascular 
properties in-vivo. Contrast agent (CA) extravasation is extremely limited in normal brain but is appreciable with compromised blood-brain barrier (BBB). 
Pharmacokinetic (PK) modeling of DCE-MRI data allows quantification of microvascular properties including blood volume, BBB permeability and transendothelial 
water exchange, all of which are sensitive to disease state. A two-site-exchange (2SX) PK model1–3 has been used to monitor lesion evolution in individuals with 
multiple sclerosis (MS).4 A spontaneous non-human primate demyelinating disease with striking similarities to human MS, Japanese Macaque Encephalomyelitis 
(JME), has recently been described.5–7 Here, we adopt a short-term longitudinal study design to investigate the time scale of morphological and microvascular changes 
in active lesions during acute JME episodes.  
Methods: Five animals (3M, 2F; mean age 5.9yrs, range 9mo-14yrs) experiencing an acute episode of JME were identified and underwent repeated MRI 
examinations. Follow-up exams occurred between 1 and 12 days after the initial MRI session. Four animals were scanned twice; one received four MRI exams over the 
course of 12 days. Follow-up MRI for two animals included only anatomical imaging and no DCE-MRI was acquired. All MRI data were acquired on a whole-body 
Siemens 3 Tesla MRI instrument (Erlangen, Germany) using a quadrature radiofrequency (RF) coil with inner diameter of 15 cm. Animals were initially sedated with 
Telazol, intubated and maintained on 1% isoflurane in 100% O2 and were continuously monitored by pulse oximetry, respiration, and end tidal CO2 levels during the 
study. Quantitative R1 (≡1/T1) mapping was performed with a multiple-inversion recovery experiment employing 3D T1-weighted magnetic prepared rapid acquisition 
gradient echo (MPRAGE) sequence (TR: 2500 ms; TE: 3.49 ms; FA: 8°; FOV 130 mm x 97.5 mm x 96 mm, matrix: 192x144x96; TI: 200, 900, 2000ms, no inversion). 
R1 maps were acquired before and at four time points after bolus injection of 0.2mmol (gadoteridol)/kg CA. Difference maps were created (=R1post-CA – R1pre-CA) and used 
to manually identify lesions and determine enhancement volumes. Only active acute (defined by CA-enhancement) lesions were considered in this analysis. PK 
parameters (Ktrans and ve) were estimated on a voxel-by-voxel basis and parametric maps were created for all animals. 
Results: Acute active (CA-enhancing) lesions were observed in the cerebellum (CBLL), brainstem, spinal cord, internal capsule (IC), corpus callosum (CC), and 
cerebral white matter. Cerebellar and periventricular chronic inactive lesions were also observed in some cases. Sagittal, coronal, and axial views of Ktrans maps overlaid 
on R1 images are shown in Figure 1 for the three animals that received multiple DCE-MRI exams. Ktrans values are variable across lesions and change with time. The 
two imaging sessions for the animal in Fig 1b were only 24hrs apart to assess test-retest reliability. Lesion volumes and parameter estimates are consistent, confirming 
measurement stability. Fig 1a shows the course of lesion development over 12 days. The large brainstem lesion visible on Day 0 shows marked decrease in Ktrans with 
time, while simultaneously new lesions are developing in the cerebellum. Average Ktrans values for the brainstem lesion and one CBLL lesion (Fig 1a arrows) are shown 
in Figure 2. Error bars represent 1 standard deviation over the lesion volume. Elevated Ktrans observed in newly formed lesions is characteristic of tight junction 
breakdown and increased BBB permeability. Fig 1c shows Ktrans maps from an animal scanned at two time points. Acute lesions were identified in the IC (not shown), 
CBLL, and brainstem. One new enhancing lesion is observed in the CBLL on Day 6 (not shown). Interestingly, a strongly enhancing CBLL lesion on Day 0 is 
completely non-enhancing (Ktrans ~ 1x10-5) by Day 6 (Fig 1c arrows). Tissue volumes for CA-enhancing lesions in this animal are shown in Table 1.  
Discussion: JME lesions are observed to be fairly stable within approximately 24 hrs, but substantial morphological and vascular changes can occur in as few as 3 
days. We demonstrate here that acute lesions with elevated BBB permeability arise from normal-appearing white matter (NAWM) rapidly (less than 7 days). 
Interestingly, lesion sites show mildly elevated Ktrans (0.001 min-1) in days leading up to the acute stage (Figure 1a, arrows). Low Ktrans found in lesions at Day 0 in Fig 
1c suggests either developing or resolving lesions; comparison with Day 6 reveals these lesions are likely already exiting the acute phase at Day 0. Indeed, one lesion 
(Fig 1c arrows) appears to have normalized completely with respect to Ktrans from the acute stage at Day 0 to a post-acute state at Day 6. Lesion development and 
resolution is variable in both time and space in JME, with new lesions developing while others are resolving or transitioning to an inactive state. DCE-MRI 
measurements of lesion evolution in JME track well with previously reported MS data; Ktrans values are summarized in Table 2.4 It is important to note that the pre- and 
post-acute stages were measured 2 months before and after the acute stage, respectively, in humans. It is likely that Ktrans values in JME would be more similar to those 
reported in MS were they measured months, rather than days, before or after the acute stage. Further characterization of disease progression and etiology in JME may 
lead to new insights into MS. Since most JME animals are euthanized for humane reasons, the availability of high-quality brain and spinal cord tissue specimens is 
outstanding and facilitates the development and validation of MRI biomarkers relevant to MS.   
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Figure 1. Ktrans parametric maps showing lesion evolution over time for 3 separate
animals. 

Figure 2. Ktrans changes over time in Fig 1a CBLL (arrows) and 
brainstem lesions 
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