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The aftermath of boxing
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The aftermath of boxing'
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FIG. 7 a. Case 2. Alzheimer's newrofibrillary tangles
affecting large numbers of neurons in the fusiform gyrus.
von Braunmiihl, » 240. b. Congo red stain under polarized
light showing the intensity of the newrofibrillary change in

vG. 12 Case 6, Widely separated strands of a grossly the medial temporal cortex of the same case, % 100.
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SCIENCE No DISPATCHES FROM FRONT LINES OF SCIENCE,
MEDICINE, HEALTH AND THE ENVIRONMENT

Head injuries in one football season cause
measurable brain damage
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Dartmouth football player Garrett Waggoner, right, intercepts a Princeton pass in a game last month. A new study in
Neurology finds that Dartmouth athletes who played football and ice hockey had measurable brain injuries even when they
didn't suffer concussions. (Jacob Kupferman / Dartmouth College / November 23, 2013)
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The spectrum of disease in chronic traumatic
encephalopathy

Ann C. McKee,"***> Thor D. Stein,"® Christopher J. Nowinski,2*® Robert A. Stern, 2%’
Daniel H. Daneshvar,?* Victor E. Alvarez,>* Hyo-Soon Lee,** Garth Hall,®

Sydney M. Wojtowicz,"? Christine M. Baugh,>* David O. Riley,>* Caroline A. Kubilus,3*
Kerry A. Cormier,” Matthew A. Jacobs,?* Brett R. Martin,® Carmela R. Abraham,31°

Tsuneya lkezu,>*"" Robert Ross Reichard,’® Benjamin L. Wolozin,**'" Andrew E. Budson,’>*
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«» 85 subjects with history of repetitive mild TBI
«» Athletes and military personnel (ages 17-98)
+* 68 showed some degree of CTE pathology
< Some with concomitant AD, PD or FTLD




Tau pathology in AD v CTE

Table 1 Distinctions in hyperphosphorylated tau pathology between Alzheimer's disease and CTE

Advanced pathology

NFTs in entorhinal cortex, amygdala and

hippocampus
Braak stages IV-VI:

High density of NFTs in widespread cortical
areas and medial temporal lobe, uniform
distribution

Low densities of NFTs in basal ganglia and
brainstem; none in mammillary bodies.

White matter tracts relatively uninvolved.

Pathological features Alzheimer's disease CTE
Tau protein
Six isoforms All six isoforms present All six isoforms present®
3 or 4 repeat tau 3 repeat and 4 repeat tau present 3 repeat and 4 repeat tau present
Cell origin
Neuronal NFTs and pre-tangles NFTs and pre-tanﬁ!es
I Astrocytic Not present” Prominent astrocytic tangles |
Neuronal domain
Cell body Prominent Prominent
Dendrite Prominent Prominent
Axon Sparse Prominent
Cell Pattern
Perivascular Not present Prominent NFTs and astrocytic tangles
I Fodi at depths of cerebral sulc Not present Prominent NFTs and astrocytic tanglesl
Irregular, patchy cortical distribution Not present Prominent
Cortical laminae NFTs predominantly in laminae Ill and V NFTs predominantly in laminae II-IIl
Subpial astrocytic tangles Not present Prominent
Periventricular astrocytic tangles Not present Present
Distribution
Mild pathology Braak stages HlII: CTE stages II:

NFTs in focal epicentres in cerebral cortex,

usually frontal lobe
CTE stages ll-IV:

High density of NFTs in widespread cortical areas
and medial temporal lobe, patchy irregular
distribution

High densities of NFTs in thalamus,
hypothalamus, mammillary bodies, brainstem.
Moderate densities of NFTs in basal ganglia,
espedally nucleus accumbens. Prominent
p-tau pathology in white matter tracts.




Definition of CTE pathology
_9 |

* Presence of:

* (i) foci of perivascular NFT and astrocytic tangles

* (ii) irregular cortical distribution of NFT and astrocytic
tangles with a predilection for the depths of sulci

* (iii) clusters of subpial and periventricular astrocytic
tangles in the cerebral cortex, diencephalon, basal ganglia
and brainstem

* (iv) neurofibrillary tangles in the cerebral cortex located
preferentially in the superficial layers.
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The first NINDS/NIBIB consensus meeting to define
neuropathological criteria for the diagnosis of chronic traumatic
encephalopathy
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Research services v
Clinical trials facility —
Innovation and intellectual
property
The Corsellis Collection W,

History

Research services

Tissue requests

For patients and the public The Corsellis Collection is the largest brain bank in Europe and one of the largest collections of its
kind in the world, comprising more than 6,000 specimens.

Business development

Contact R&D Started in the early 1950s by Professor John Corsellis at Runwell Hospital, the
collection is now managed and maintained by WLMHT.

Our technicians maintain and develop the brain archive, as well as providing a service
for researchers by processing and distributing brain specimens for research studies
that have ethical approval via the Medical Research Council BRAIN UK network.

The collection contains a large number of brains from patients who had psychiatric
and neurodegenerative illnesses, but also a series of brains from patients who did
not have any brain disease and who therefore provide a very useful control
population.

The collection has been granted a licence by the Human Tissue Authority as an
archival brain collection. The collection has now linked its tissue request service with
the BRAIN UK database, making it easier for researchers to request tissue for their
studies.
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RESULTS
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Cohort Classified by Presence of Tau
Pathology
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Hyperphosphorylated tau (clone AT8) immunostaining in neurofibrillary tangles (Fig 1, case 6), in astrocytes (Fig 2, case 7) and in puncta within white matter tracts (Fig 3, case 5). Foci of astrocytic tau immunostaining were seen in subpial
layers (Fig 4, case 5), at the base of sulci (Fig 6, case 4) and in a perivascular distribution (Fig 6, case 14). A-beta (clone 4G8) immunostaining in diffuse plaques (Fig 7, case 21) and subpial bands (Fig 8, case 1). All photos taken with a X20

stage objective.



64-47 CTE




Original cohort

Case No  Age at Age of Disease  Original Cause of death CTE
death disease onset  duration  diagnosis
57-45 67 40 27 DP Y
b64-47 79 3] 41 Pre-senile dementia  Bronchopneumonia N
70-237 83 32 51 DP Bronchopneumonia Y
71-119 77 50 27 DP Bronchopneumonia Y
71-120 58 DP RTA N
71-122 61 Acute SAH N
71-123 71 60 11 DP Coronary occlusion Y
71-124 62 54 8 DP Bronchopneumonia Y
71-125 58 50 8 DP Bronchopneumonia N
71-126 91 M N
71-127 22 SDH N
71-153 67 N
71-155 62 30 32 DP Y
71-47 68 35 33 DP N
71-54 63 30 33 DP Y




71-47 PSP
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Epilepsy — 19 year old
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Aging-related tau astrogliopathy (ARTAG): harmonized
evaluation strategy

Gabor G. Kovacs' + Isidro Ferrer? - Lea T. Grinberg™* - Irina Alafuzoff® - Johannes Attems® -
Herbert Budka’ - Nigel J. Cairns® - John F. Crary’* - Charles Duyckaerts'” -

Bernardino Ghetti'! - Glenda M. Halliday'? - James W. Ironside'? - Seth Love'* -

Ian R. Mackenzie's - David G. Munoz'¢ - Melissa E. Murray'” - Peter T. Nelson'® -

Hitoshi Takahashi' - John Q. Trojanowski’ - Olaf Ansorge®' - Thomas Arzberger -

Atik Baborie” - Thomas G. Beach® - Kevin F. Bieniek'” - Eileen H. Bigio® - Istvan Bodi® -
Brittany N. Dugger?*?” - Mel Feany® - Ellen Gelpi*’ - Stephen M. Gentleman™ -

Giorgio Giaccone® - Kimmo J. Hatanpaa® - Richard Heale® - Patrick R. Hof™ -

Monika Hofer?' - Tibor Hortobdgyi* + Kurt Jellinger®® - Gregory A. Jicha® - Paul Ince” +
Julia Kofler™ - Eniké Kovari® - Jillian J. Kril*’ - David M. Mann*' - Radoslav Matej** -
Ann C. McKee** - Catriona McLean* - Ivan Milenkovic'"** - Thomas J. Montine* -

Shigeo Murayama*’ - Edward B. Lee? - Jasmin Rahimi' - Roberta D. Rodriguez*® -
Annemieke Rozemiiller*” - Julie A. Schneider™"*! - Christian Schultz*? - William Seeley" -
Danielle Seilhean'® - Colin Smith"? - Fabrizio Tagliavini®' - Masaki Takao® -

Dietmar Rudolf Thal**** - Jon B. Toledo® - Markus Tolnay*® - Juan C. Troncoso™ -

Harry V. Vinters™*’ - Serge Weis® - Stephen B. Wharton - Charles L. White ITI*? -
Thomas Wisniewski® > - John M. Woulfe* - Masahito Yamada® - Dennis W. Dickson'”

16

Primary tauopathies
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Fig.1 Comparison of tau (using AT8 antibody) immunoreactivities seen in primary tauopathies with those observed in aging-related tau astro-
gliopathy (ARTAG)
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Clinical presentation of chronic traumatic encephalopathy
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Conclusions:
2 major clinical presentations

* behaviour/mood variants (generally younger onset)
* cognitive impairment (generally older onset)




Symptoms and pathology
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Chronic traumatic encephalopathy: a potential late and
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CTE in footballers?
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Future directions...
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