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Abstract
Diagnosis of multiple sclerosis (MS) currently requires lesion identification by gadolinium (Gd)-
enhanced or T2-weighted magnetic resonance imaging (MRI). However, these methods only
identify late-stage pathology associated with blood-brain barrier breakdown. There is a growing
belief that more widespread, but currently undetectable, pathology is present in the MS brain. We
have previously demonstrated that an anti-VCAM-1 antibody conjugated to microparticles of iron
oxide (VCAM-MPIO) enables in vivo detection of VCAM-1 by MRI. Here, in an experimental
autoimmune encephalomyelitis (EAE) mouse model of MS, we have shown that presymptomatic
lesions can be quantified using VCAM-MPIO when they are undetectable by Gd-enhancing MRI.
Moreover, in symptomatic animals VCAM-MPIO binding was present in all regions showing Gd-
DTPA enhancement and also in areas of no Gd-DTPA enhancement, which were confirmed
histologically to be regions of leukocyte infiltration. VCAM-MPIO binding correlated
significantly with increasing disability. Negligible MPIO-induced contrast was found in either
EAE animals injected with an equivalent nontargeted contrast agent (IgG-MPIO) or in control
animals injected with the VCAM-MPIO. These findings describe a highly sensitive molecular
imaging tool that may enable detection of currently invisible pathology in MS, thus accelerating
diagnosis, guiding treatment, and enabling quantitative disease assessment.

The clinicoradiological paradox in multiple sclerosis (MS) refers to the poor association
between clinical findings and radiological extent of lesion load (1). The use of MRI as an
outcome measure in clinical trials, or a prognosticator in the assessment of disease
evolution, assumes a close relationship between the number of MRI-detectable
abnormalities and clinical status. Yet, evidence suggests that conventional MRI does not
accurately report the extent of pathology. For example, we have shown that both axonal
damage and endothelial adhesion molecule expression are ongoing in experimental lesions
that are no longer detectable using MRI (2, 3). This disparity between radiological measures
and disease severity also presents problems for the assessment of therapeutic efficacy. For
example, alemtuzumab, a humanized monoclonal antibody that targets CD52 on
lymphocytes and monocytes, has clinical efficacy in patients with early relapsing-remitting
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MS, yet the effect of this therapy on MRI indexes is less marked (4). The most commonly
used imaging marker for MS is the presence of Gd-enhancing or T2-hyperintense lesions in
the central nervous system, as defined in the revised McDonald criteria (5). However, both
Gd accumulation and T2 hyperintensity reflect relatively advanced downstream pathology
with blood-brain barrier (BBB) breakdown and edema accumulation. There is a growing
belief that there is more widespread pathology in the MS brain than these imaging methods
suggest, with more generalized vascular activation (6) and that it may be this undetectable
extralesional disease that underlies clinical progression. It is clear, therefore, that there is a
need for diagnostic tools that enable more accurate and specific measures of disease activity.

We have recently shown that targeted MRI contrast agents, which reversibly adhere to
specific molecules, can reveal disease at a time when conventional images obtained are
normal (3, 7,–,9). Endothelial vascular cell adhesion molecules are key mediators of
leukocyte recruitment. Vascular cell adhesion molecule-1 (VCAM-1) has been shown to be
important in the development of experimental autoimmune encephalomyelitis (EAE) and
MS, mediating both leukocyte movement across the BBB and their retention within the
parenchyma during a relapse (10). Selective blockade of the interaction between VCAM-1
and its ligand, integrin α4 β1 (VLA-4), on leukocytes has been shown to abolish leukocyte
recruitment and the associated neurological deficit in EAE models (11). Similarly, selective
VLA-4 inhibitors reduce the number of MRI-detectable lesions in MS (12). We have
previously developed a targeted MRI-detectable contrast agent, consisting of microparticles
of iron oxide (MPIO; 1 μm) conjugated to anti-VCAM-1 antibody (VCAM-MPIO), which
binds to activated endothelium in vivo (7). Thus, the aim of the current study was to
determine the sensitivity of VCAM-MPIO for early and more accurate disease detection in a
well-established and clinically relevant EAE model of MS.

MATERIALS AND METHODS
EAE model

Female SJL mice (8 to 12 wk old, 25 g; Harlan, Bicester, UK) were injected subcutaneously
at the tail-base with either 50 μl complete Freud’s adjuvant (CFA; Sigma-Aldrich,
Gillingham, UK; control; n=3) or 25 μg of proteolipid protein (PLP; Activotec, Comberton,
UK) in 50 μl of CFA (EAE; n=19). All animals were also injected intravenously with 200
ng of pertussis toxin (Sigma-Aldrich) in 0.2 ml of phosphate buffered saline at both d 0 and
2. Animals were weighed and assessed daily for clinical signs according to the following
guidelines: 0, healthy; 1, slight loss of tail tone; 2, complete loss of tail; 3, weakness in the
limbs; and 4, paralysis. All experiments were performed with UK Home Office approval.

VCAM-MPIO synthesis
Purified monoclonal rat anti-mouse antibodies to VCAM-1 (clone M/K2; Cambridge
Bioscience, Cambridge, UK) or control IgG-1 (clone Lo-DNP-1; Serotec, Kidlington, UK)
were conjugated to myOne tosylactivated MPIO (1 μm diameter; iron content 26%;
Invitrogen, Carlsbad, CA, USA) with p-toluenesulfonyl (tosyl)-reactive surface groups
(Invitrogen) as described previously (7).

Experimental protocol
EAE animals were injected intravenously via a tail vein with 100 μl VCAM-MPIO (4 mg
Fe/kg body weight) at d 8 (n=4), 12 (n=4), or 15 (n=6) after immunization and underwent
MRI from 1 h postinjection. Two further groups of EAE animals at d 8 (n=2) and 12 (n=3)
were injected intravenously with 100 μl IgG-MPIO, as a nontargeted control, and underwent
MRI from 1 h postinjection. Control (CFA only) animals were injected with 100 μl VCAM-
MPIO at d 12 and imaged as above (n=3). The mice were anesthetized with 1–2% isoflurane
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in 70% N2O/30% O2 and positioned in a quadrature birdcage coil (2.6 cm inner diameter;
Rapid MR International, Würzburg, Germany). ECG was monitored throughout and body
temperature maintained at ~37°C. MRI data were acquired in a 7-T horizontal-bore magnet
with a Varian Inova spectrometer (Varian, Washington, DC, USA).

MRI
For detection of VCAM-MPIO, a T2*-weighted 3-D gradient echo data set was acquired as
follows: flip angle, 31°; repetition time, 50 ms; echo time, 5 ms; field of view, 11.2 × 22.5 ×
22.5 mm; matrix size, 96 × 192 × 256; 2 averages; total acquisition time, ~40 min. The
midpoint of acquisition was 1.5 ± 0.25 h after MPIO injection. Data were zero-filled to 128
× 256 × 256 and reconstructed offline, giving a final isotropic resolution of 88 μm.
Subsequently, a set of 7 T1-weighted images (coronal, 1 mm thick; in-plane resolution ca.
175 μm; acquisition time ca. 4 min) were acquired using a spin-echo sequence (TR = 500
ms; TE = 13 ms) both before and 5 min after intravenous injection of 30 μl Gd-DTPA
(Omniscan; GE Healthcare, Little Chalfont, UK) to identify BBB permeability. This dose is
equivalent to 1.2 ml/kg, which is double the human high dose often used for the detection of
MS lesions (0.6 ml/kg; ref. 13).

MRI data analysis
The T2*-weighted data set was converted into tiff images, manually masked to exclude
extracerebral structures, and converted to 8-bit grayscale in Adobe Photoshop (Adobe
Systems, Uxbridge, UK). The images were thresholded at a consistent level in the gray
channel, such that any pixels of signal intensity >3 sd below the mean intensity of normal
brain were set to 0 (black) and all others were set to 1 (white). The absolute level of
thresholding varied between data sets according to variations in signal-to-noise ratio, but
interanimal consistency of thresholding was assessed through repeat analysis and multiple
independent operators. Signals arising from ventricles or sinuses were excluded by
comparison to a naive animal imaged with no contrast agent, in which these structures
appear hypointense naturally. The masked and thresholded images were subsequently
imported into ImagePro (Media Cybernetics, Marlowe, UK) and stacked into a single
sequence. MPIO binding, defined as all pixels with signal levels of 0, was quantified in 256
consecutive brain slices for each animal. Analysis was performed blind to the origin of the
dataset. Segmented images were reconstructed using the 3D Constructor plug-in to visualize
the spatial distribution of MPIO binding, with low-signal areas assigned to the red channel
and the anatomical image to the green channel. Voxel volumes were summed and expressed
as raw volumes in microliters with no further surface rendering or smoothing effects,
beyond the 0-filling applied during data processing.

To determine the correspondence between VCAM+ lesions and Gd-DTPA enhancement,
each of the 7 T1-weighted images and the corresponding T2*-weighted images was
positioned on grids of standard size. Within each square on the grid, the number of VCAM-
MPIO+ lesions (evident as discrete focal hypointensities) were counted and classified as
either Gd-DTPA+ (i.e., within a region of Gd-DTPA contrast enhancement) or Gd-DTPA−.
Values were calculated as the mean number of lesions (VCAM+/Gd+; VCAM+/Gd−) per
single slice. The number of squares showing gadolinium-enhancement that did not
encompass any T2* hypointensities was also counted. Regions of Gd-DTPA enhancement
were identified as regions of visibly increased signal intensity both on the original post-Gd
T1-weighted images and on the difference (post-Gd-DTPA minus pre-Gd-DTPA) images.

Immunohistochemistry: mouse tissue
Day-15 EAE animals were split into 2 groups (n=3/group) for immunohistochemistry.
Animals in the first group were transcardially perfused under terminal anesthesia with 0.9%
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heparinized saline followed by 200 ml periodate lysine paraformaldehyde. The brains were
postfixed, cryoprotected, embedded, and frozen in isopentane at −40°. Then, 10-μm-thick
coronal brain sections, corresponding to the locations of the 7 T1-weighted imaging slices,
were stained for macrophages using the F4/80 antibody (Serotec) and appropriate
biotinylated secondary reagents with standard ABC amplification (Vector Laboratories,
Peterborough, UK). Immunoreactivity was revealed with DAB to produce a brown insoluble
precipitate. For the second group of d-15 EAE animals, the brains were removed following
perfusion with heparinized saline only and frozen in Tissue-Tek (Sakura Finetek, Torrance,
CA, USA) in isopentane over dry ice. Frozen 10-μm cryosections were fixed for 20 min in
100% ethanol before immunostaining with the M/K2 hybridoma for mouse VCAM-1 (1 μg/
ml) using standard ABC amplification procedures.

Immunohistochemistry: human tissue
MS (n=5) and control (n=4) brain tissue was provided by the Thomas Willis Oxford Brain
Collection (University of Oxford) with full ethical approval. Immunohistochemistry was
carried out with anti-VCAM-1 (ATCCHB10519), using ABC amplification and DAB
development.

Statistics
Statistical analysis was performed using SPSS (SPSS Inc., Chicago, IL, USA). ANOVA was
used to identify overall significant differences in the measured volumes of hypointensity,
followed by pairwise t tests to identify specific differences between the groups. The
relationship between clinical scores and volumes of VCAM-MPIO hypointensity was tested
by a bivariate correlation analysis including calculation of Spearman’s ρ (r) after rank
transformation of the parametric volumes. Data are expressed as means ± se.

RESULTS
The earliest clinical signs (reduced tail tone; score 1) occurred 9–10 d after immunization
and became progressively worse thereafter. The disease was most severe at d 12, with
complete hindlimb paralysis (score 4), followed by a gradual remission from d 15 onward
(Fig. 1A). Weight loss was also evident from d 9, reaching a maximum loss (20% of original
body weight) at the peak of disease severity.

In vivo MRI detects VCAM-MPIO bound to brain endothelium in EAE mice
VCAM-MPIO caused a marked MRI contrast effect, evident as focal hypointense areas on
T2*-weighted images. VCAM-MPIO binding was observed from the earliest time point
studied, d 8 (Figs. 1B and 2), despite a complete lack of clinical signs (score 0). As the
disease progressed and neurological deficits became manifest, the degree of VCAM-MPIO
binding increased markedly (Figs. 1C and 2). We detected little or no MPIO retention at d
12 in either EAE mice administered the control contrast agent (IgG-MPIO) or CFA animals
injected with VCAM-MPIO (Figs. 1B and 2). To confirm this lack of nontargeted contrast
effects, 2 additional EAE animals were injected with IgG-MPIO at d 8 and showed similarly
low levels of background contrast (0.85 and 1.07, compared with 0.86±0.13 μl at d 12).
Quantitatively, VCAM-MPIO binding in EAE animals was significantly greater than that
measured in both control CFA mice and EAE mice administered with IgG-MPIO from as
early as d 8 after induction when clinical score was 0 (P<0.05; Fig. 1B), indicating the
detection of EAE lesions in asymptomatic animals. VCAM-MPIO binding increased
significantly between d 8 and 15 (P<0.05; Fig. 1C).

The anatomical distribution of contrast effect changed with disease progression. At d 8
(presymptomatic), VCAM-MPIO binding was detected in EAE mice in the caudal half of
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the forebrain and the hindbrain. Subsequently, at d 12 and 15, VCAM-1 expression became
evident throughout the forebrain (Fig. 2). Quantitation of VCAM-MPIO binding in single
MRI slices from 3 different areas of the brain, forebrain, midbrain, and hindbrain, showed
that VCAM-MPIO binding increased significantly in the forebrain and hindbrain slices over
time (P<0.05; Fig. 1D). Correlation analysis following rank transformation of the
hypointense volume data demonstrated a positive correlation between the volume of MPIO
binding across the whole brain and clinical score (P<0.0001; r=0.89; Fig. 1E).

Comparison with clinically used Gd-DTPA enhancement
No Gd-DTPA enhancement was found on T1-weighted images from presymptomatic (d 8)
EAE animals, indicating a lack of BBB breakdown, despite clear VCAM-MPIO binding. At
later time points, some Gd-DTPA-enhancing lesions were evident, yet a substantial number
of lesions at d 12 and 15 were notably Gd-DTPA− but VCAM-MPIO+ (Figs. 1F and 3A, B).
Notably, no lesions in EAE animals showing BBB breakdown (Gd-DTPA+) were VCAM-
MPIO−. It is possible that, even with the spin-echo sequence used to acquire T1-weighted
data, some T2 contrast effects of the bound VCAM-MPIO could remain and confound the
detection of T1 contrast enhancement owing to Gd accumulation. However, we found no
evidence of hypointensities on the pre-Gd T1-weighted images even at d 15 (Supplemental
Data), and, indeed, it is unlikely that any residual negative T2 contrast effect would exactly
match the positive T1 contrast effect in magnitude, location and spatial extent. Moreover,
even in our post-VCAM-MPIO T2-weighted images, which were acquired with a longer TE
(i.e., greater T 2 weighting), T2 contrast effects were only observed at later time points (d
12–15) when VCAM-MPIO binding was substantial, and then only infrequently
(Supplemental Data). It is also of note that no evidence of hyperintense lesions on the T2-
weighted images, an alternative clinically used marker for MS lesions, was found at any
time point (Supplemental Data).

The number of VCAM-MPIO+/Gd-DTPA− lesions was significantly higher (P<0.05) than
VCAM-MPIO+/Gd-DTPA+ lesions at all time points (Fig. 1F), indicating that VCAM-1
expression in EAE animals precedes BBB breakdown. In EAE animals injected with
VCAM-MPIO, no Gd-DTPA+ lesions were VCAM-MPIO−. In EAE animals injected with
IgG-MPIO, some Gd-DTPA+/MPIO− lesions were evident, suggesting that there is no
retention of MPIO across a compromised BBB, likely owing to the larger size of the MPIO
compared with Gd-DTPA. Further, the low level of MPIO contrast in both EAE animals
injected with IgG-MPIO and CFA animals injected with VCAM-MPIO confirms that there
is very little nonspecific binding of the MPIO (Fig. 1F).

Immunohistochemical analysis of EAE and MS tissue
VCAM-1 expression in EAE mice was confirmed by immunohistochemistry (Fig. 3C–F),
showing a distribution that was limited to brain vascular endothelium without evidence of
extravasation. We found no evidence of constitutive VCAM-1 expression in the brain (Fig.
3E), in accord with the VCAM-MPIO MRI data showing little retention of the VCAM-
MPIO in control animals. The regions of T2* hypointensity and Gd-DTPA enhancement
observed by MRI correlated spatially with areas of macrophage recruitment/microglial
activation, confirmed immunohistochemically (Fig. 3C, D).

To confirm the presence of VCAM-1 in human MS tissue, we undertook
immunohistochemistry on post mortem brain tissue from MS patients, encompassing all
types of MS (primary progressive, secondary progressive and relapsing remitting). VCAM-1
expression was observed in all cases in association with the active border of plaques and
adjacent normal appearing gray and white matter (Fig. 4). No immunoreactivity was
observed in control brains.
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DISCUSSION
In this study, we have reported the application of a molecular imaging probe that facilitates
the early identification of disease in a murine model of MS in vivo by MRI. The anti-
VCAM-1-based contrast agent enables detection of EAE before clinical signs are evident
and reveals pathology previously inaccessible to conventional, clinically used MRI
techniques. The results of this study raise the potential for both earlier diagnosis of MS and
more sensitive monitoring of disease progression, which may generate significant clinical
advantage. It is generally accepted that current clinical practice, both radiological and
neurological, does not describe the full disease burden in MS patients. There is growing
speculation that more widespread, extralesional inflammatory pathology in both MS and
EAE (6, 14) that is not revealed by either Gd-enhanced or T2-weighted MRI (6) may be the
true indicator of disease progression and severity. In this case, our VCAM-1-targeted
approach would provide a very sensitive measure of disease activity and, thus, has
considerable potential as a biomarker of therapeutic efficacy in both preclinical/clinical trials
and in clinical practice. Indeed, a lack of suitable biomakers in MS is one of the reasons for
the protracted timescales for the pharmaceutical pipeline in this disease. Similarly, a lack of
sensitive indexes of therapeutic efficacy hampers the early identification of nonresponder
patients (15), which is crucial to ensure that the appropriate therapeutic is selected at an
early stage. Clinical trials in patients with MS have demonstrated clear clinical benefits
arising from inhibition of the interaction between VCAM-1 and its ligand VLA-4 (12). The
ability, therefore, to image VCAM-1 expression, in conjunction with existing diagnostic
approaches, may offer clinically important opportunities not only for disease diagnosis and
monitoring but also for targeting therapy and monitoring response to treatment.

Detection of acute VCAM-1 expression facilitates early diagnosis
The use of the VCAM-1-targeted MPIO revealed the presence of VCAM-1 expression,
which, hitherto, could only be observed ex vivo. In this way, molecular imaging with
targeted MRI-visible contrast confers the ability to perform “in vivo biopsies,” with the
potential advantage of serially monitoring individual lesions over an extended time course.
The diagnostic imaging window with current conventional MRI techniques is restricted to
periods when gross anatomical changes produce perturbations in the proton signal. High-
dose Gd-DTPA, as used here, is often used for lesion detection in MS, but it remains a
passive agent that requires a loss of BBB integrity.

EAE lesions develop behind an intact BBB, and thus it should come as no surprise that
VCAM-1 expression occurs in advance of BBB breakdown. The ability to overcome the
apparent immune privilege of the central nervous system by the generation of EAE was the
first demonstration that leukocytes were able to cross an intact BBB. Previous studies have
suggested that increased BBB permeability precedes the occurrence of histological lesions
(16), but our investigations reveal a clear temporal and spatial mismatch between Gd-DTPA
accumulation in the brain and the appearance of VCAM-1+ vessels, surrounded by cuffs of
leukocytes, before breakdown of the BBB that is detectable by Gd-enhanced MRI. This is in
accord with recent reports that axonal damage begins well ahead of the appearance of motor
symptoms in MS and highlights the importance of early detection strategies (17).

Specificity of VCAM-MPIO
One of the major strengths of our VCAM-MPIO agent is the very short (<5 min) half-life of
micrometer-sized iron oxide particles in the circulation (18, 19). As a result, at the time
point that imaging is started (1 h post-VCAM-MPIO administration), negligible contrast
agent, and associated contrast effects, remain in the blood. This is particularly evident in the
control groups where little evidence of nonspecific hypointensity in the brain is seen, either
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in VCAM-MPIO-injected CFA-only mice or IgG-MPIO-injected EAE mice. These data also
indicate the specificity of the VCAM-1 targeted MPIO for its intended target, as we have
previously demonstrated through blocking experiments (7).

Although some have suggested that there is constitutive expression of VCAM-1 in the brain
(20), as in the bone marrow and lymphoid tissue, we have found no evidence of this either in
mice, using both RT-PCR and immunohistochemistry, or control human tissue.
Furthermore, both the present study and our previous work (7) would support a lack of
constitutive expression, since no retention of the VCAM-MPIO is observed in either naive
or control animals. It seems probable that the pattern of adhesion molecule expression will
change during the progression of MS, and other adhesion molecules, such as ALCAM (21)
or the selectins (3), have been shown to be particularly elevated in the chronic-stages of MS
and EAE. Similarly, previous work by Sipkins et al. (22) demonstrated increased ICAM-1
expression in EAE using antibody-conjugated paramagnetic liposomes and ex vivo high-
resolution MRI. Although, with respect to ICAM-1, we have found that following a focal
unilateral injection of cytokines into the brain ICAM-1 expression is considerably more
widespread than either VCAM-1 or E-/P-selectin (unpublished results), which may prove a
confound when looking for a spatially specific biomarker of inflammatory lesions.
Nevertheless, it is likely that the ability to place other specific antiadhesion targeting ligands
on the MPIO platform will further aid selection of appropriate therapy across disease
pathogenesis.

Temporal progression of VCAM-1 expression in EAE
Over time, the volume of hypointensity induced by VCAM-MPIO binding increased
throughout the brain and showed a positive correlation with both time and clinical score.
These findings demonstrate the potential of molecularly targeted MRI methods for detecting
specific molecular signatures in a robust and reproducible manner throughout a disease time
course. Such information has not previously been accessible in vivo. Interestingly, the most
marked increases in VCAM-1 expression were evident in the hindbrain. It is not clear why
the hindbrain, which includes the cerebellum, should be more susceptible to EAE, although
it is known that some forms of this disease target certain structures more than others and that
this is often strain-dependent (17). The localization of inflammatory foci within the
cerebellum is correlated with severe clinical outcomes in MS, and EAE studies have
revealed distinct clinical outcomes correlated with the capacity of the animal to produce
IFN-γ (23). Microinjection of IFN-γ along the neuraxis has been shown to provoke distinct
patterns of inflammation, which suggests regional variations in the local regulatory
environment that could contribute to site-specific immune regulation and may affect the
distribution of MS plaques (24).

VCAM-1 expression in MS
VCAM-1 appears to be a particularly good target for the early detection of MS-like lesions,
and our immunohistochemical analysis of human tissue supports this. Although marked
increases in soluble VCAM-1 have been reported (25), there has been considerable
controversy as to the cellular localization of vascular VCAM-1 in MS, with reports of both
positive (20, 26) and negative (6) endothelial VCAM-1 immunoreactivity in MS plaques.
These apparent discrepancies have generated some debate over the role of adhesion
molecules in leukocyte trafficking in MS and have led to confusion about the mode of action
of the anti-VLA-4 therapeutic, tysabri, in MS. For this reason, we investigated the
expression of VCAM-1 on endothelial cells in MS tissue, not only within the lesions
themselves, but also in surrounding normal-appearing tissue. It was evident that expression
of VCAM-1 was up-regulated on vessels, but more obviously in surrounding normal-
appearing tissue than the plaques themselves. This finding is in accord with the recent report
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of Allavena et al. (20) in which VCAM immunoreactivity was maximal in patients with
acute active plaques but demonstrated a diffuse, rather than focal, distribution. These
observations support a hypothesis of widespread vascular activation during acute active
disease in MS and suggest that the VCAM-targeted MRI approach may be highly sensitive
to this more widespread extralesional activity in otherwise normal-appearing tissue.

Translation to the clinic
While the current findings are encouraging, a number of hurdles must be overcome before
such agents can be used clinically; perhaps the most important will be the development of
fully biodegradable MPIO and anti-human analogues of the targeting antibodies, together
with full toxicological testing of the humanized and biodegradable agent. Nevertheless, to
date we have observed no toxicological effects of the VCAM-MPIO used in any mice,
which includes recovery following the initial MRI session and reimaging 3 d later with an
additional VCAM-MPIO dose.

In conclusion, we have developed a molecular imaging approach that facilitates the early
identification of disease in a murine model of MS in vivo by MRI. This is the first
demonstration that a targeted MRI contrast agent enables subclinical detection of
neurological disease in a clinically relevant model. These findings suggest that VCAM-
MPIO may be a sensitive diagnostic tool for the detection of MS pathology and may enable
more accurate determination of disease burden than either the clinical scoring system or
current imaging methods for MS diagnosis. While it is not possible to use this approach in
MS patients before the initial onset of neurological symptoms, we propose that it may
accelerate diagnosis and remove the current diagnostic requirement for MRI-detectable
lesions disseminated in time or space. Moreover, the sensitivity of this technique suggests
that subclinical disease may be detectable in patients with MS and, consequently, could
enable prediction of relapse and more precise assessment of treatment, as well as enabling
targeted treatment for patients with elevated VCAM-1. The MRI readout provides a readily
quantifiable measure of lesion burden, which is not currently available and could be
standardized across clinical centers with relative ease. Thus, this new VCAM-targeted
molecular MRI approach has the potential to address the major limitations inherent in
current clinical management of MS; ambiguity in diagnostic indices and radiological-
neurological disparity.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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