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Can PET imaging tell us what’s the matter

with the gray matter in multiple sclerosis?

In this issue of Neurology®, Politis et al.' utilized
brain PET and the radioligand ''C-PK11195 to esti-
mate expression of the translocator protein 18 kD
(TSPO) as a marker of activated microglia in a co-
hort of 18 patients with multiple sclerosis (MS) and
8 healthy controls. In patients with MS, they found
that increased PK11195 binding in the cortical gray
matter (GM), but not white matter (WM), corre-
lated with Expanded Disability Status Scale (EDSS)
scores (r = 0.54). Remarkably, the simple partial
correlation coefficient for GM signal and EDSS score
in the secondary progressive MS (SPMS) cohort
(n = 8) was » = 0.84, whereas there was no relation-
ship in patients with relapsing-remitting MS
(RRMS). GM PK11195 binding values did not cor-
relate with duration of disease. Interestingly, the
binding patterns suggested regional pathology, with
RRMS patients having more binding in the postcen-
tral, middle frontal, anterior orbital, fusiform, and
parahippocampal gyri, and patients with SPMS addi-
tionally having more binding in the precentral, supe-
rior parietal, lingual and anterior superior, and
medial and inferior temporal gyri, as compared to
controls. The precentral gyrus binding values were
associated with EDSS in SPMS (r = 0.9), whereas
only postcentral binding values correlated with
EDSS in RRMS (r = 0.73). No associations were
found between GM binding and cortical volume or
WM binding and clinical disability scores.

The present study represents an exciting technical
advance in our ability to image activated immune
cells in vivo and provides more support for the clini-
cal relevance of GM pathology in MS. While cortical
GM pathology in MS was recognized many decades
ago pathologically, GM lesions are not seen well on
conventional MRIs, and this led to an underestimate
by neurologists of the role of GM injury, until re-
cently.>® Quantitative MRI analyses of cortical GM
and WM volumes in patients with MS have revealed
that the GM atrophies at least as quickly as WM and
that GM atrophy accelerates in the secondary pro-

gressive stage of the disease.” There may be multiple
mechanisms underlying this process, including sec-
ondary effects of WM injury with dying back effects
on neurons, as well as a direct immune-mediated at-
tack on gray matter.’ Indeed, there are now numer-
ous reports of meningeal foci of lymphoid aggregates,
and a recent pathology report confirmed active de-
myelination in cortical tissues obtained en passant
during needle biopsy of tumefactive white matter
lesions in persons ultimately diagnosed with early
cases of MS.>¢ Activated macrophages and micro-
glia have been well described in the GM patho-
logic specimens, but in vivo imaging of these cell
types has been limited.

TSPO is expressed on activated macrophages and
microglia and has been studied as a potential in vivo
biomarker of these cells. Unfortunately, precise
quantification of the ''C-PK11195 PET brain signal
as a TSPO biomarker has been challenging due to
multiple factors, including the lack of a good brain
reference or comparison region, binding to astro-
cytes, and significant TSPO density in the brain vas-
culature in smooth muscle and endothelial cells.”
Although the authors used optimized modeling and
brain segmentation procedures to overcome some of
the limitations, their kinetic modeling method re-
mains dependent on assumptions of vascular tracer
activity that may be different in an inflammatory dis-
ease like MS compared to healthy controls. The cor-
tical binding signal may also be confounded by
subpial vascular activity given the limited spatial res-
olution of PET. Furthermore, the main PK11195
binding measure was in part weighted by total GM
volume (more atrophic in SPMS). Future studies are
needed to control for regional cortical thickness and
blood flow and assess the test-retest reliability of
PK11195 PET in MS.

Beyond the technical aspects of PET imaging,
limitations of this study include the small sample size
and cross-sectional nature of the study. Longitudinal
studies of how GM binding patterns change over
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time will be necessary to further our understanding
of the likely complex relationship between macro-
phage and microglial activation and tissue injury. In-
deed, the lack of a direct correlation between GM
PK11195 signal and GM volume is not surprising
since there may be a temporal lag between cellular
activation and the subsequent tissue injurious effects
that result in loss of compartmental volume detected
by MRI. Furthermore, it has not been definitively
established that all activated macrophages and micro-
glia are pathogenic and, in fact, some subsets of these
cells have been shown to have protective effects. For
example, M2 macrophages, characterized by arginase
production, have been linked with both immune reg-
ulatory properties and decreased tissue damage via
release of nitric oxide and reduced reactive oxygen
species.® Macrophages also likely play a critical role in
phagocytic clearance of myelin debris. Similarly,
while activated microglia have the capacity to be in-
jurious to CNS tissues, they also promote synaptic
stripping, which may serve a neuroprotective role in
GM by physically removing inhibitory GABAergic
synaptic input, which promotes NMDA receptor ac-
tivity and neuronal survival.?

Nonetheless, the present study is an important
step forward and suggests a crucial role of activated
microglial and macrophages in GM pathology in
MS. Future studies are required to understand more
completely the relationship between the TSPO signal
and resulting GM atrophy and disability, which may
ensue years later. Encouragingly, one recent longi-
tudinal study was able to see a decrease in GM
PK11195 signal a year after initiating MS immuno-
modulating therapy in a cohort of 9 patients with
RRMS. Even more specific ligands that could pro-
vide information regarding immune cell phenotypes
in the CNS could lead to additional critical under-
standing of the mechanisms underlying GM inflam-

mation in MS, and therefore aid in prognosis and
monitoring of therapeutic interventions.

DISCLOSURE

P. Calabresi has provided consultation services to Novartis, Teva, Biogen
Idec, Vertex, Vaccinex, and Genentech; and has received grant support
from EMD-Serono, Teva, Biogen Idec, Genentech, Bayer, Abbott, and
Vertex. N. Bohnen reports no disclosures. Go to Neurology.org for full
disclosures.

REFERENCES

1. Politis M, Giannetti P, Su P, et al. Increased PK11195
PET binding in the cortex of patients with MS correlates
with disability. Neurology 2012;79:523-530.

2. Kutzelnigg A, Lucchinetti CF, Stadelmann C, et al. Corti-
cal demyelination and diffuse white matter injury in mul-
tiple sclerosis. Brain 2005;128:2705-2712.

3. Calabrese M, Rocca MA, Atzori M, et al. A 3-year mag-
netic resonance imaging study of cortical lesions in relapse-
onset multiple sclerosis. Ann Neurol 2010;67:376-383.

4. Fisher E, Lee JC, Nakamura K, Rudick RA. Gray matter
atrophy in multiple sclerosis: a longitudinal study. Ann
Neurol 2008;64:255-265.

5. Magliozzi R, Howell OW, Reeves C, et al. A gradient of
neuronal loss and meningeal inflammation in multiple
sclerosis. Ann Neurol 2010;68:477-493.

6. Lucchinetti C, Popescu B, Bunyan R. Inflammatory corti-
cal demyelination in early multiple sclerosis. N Engl ] Med
2011;365:2188-2197.

7. Tomasi G, Edison P, Bertoldo A, et al. Novel reference
region model reveals increased microglial and reduced vas-
cular binding of "' C-(R)-PK11195 in patients with Alzhei-
mer’s disease. ] Nucl Med 2008;49:1249-1256.

8. Lisak RP, Nedelkoska L, Studzinski D, et al. Cytokines
regulate neuronal gene expression: differential effects of
Th1, Th2 and monocyte/macrophage cytokines. ] Neuro-
immunol 2011;238:19-33.

9. Trapp BD, Wujek JR, Criste GA, et al. Evidence for syn-
aptic stripping by cortical microglia. Glia 2007;55:360—
368.

10. Ratchford JN, Endres CJ, Hammoud DA, et al. Decreased
microglial activation in MS patients treated with glati-
ramer acetate. ] Neurol 2012;259:1199-1205.

Neurology 79 August 7, 2012 497

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



