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Supplementary Methods

Diagnosis of Dementia

Dementia status at death for each participant was determined by combining all information
available, including: i) assessments during the last years of life, ii) informant interviews after death,
iii) death certificates. A study diagnosis of dementia was made if: dementia was present at any
assessment, based on the full GMS AGECAT diagnostic algorithm? (equivalent to DSM-11IR); or if
dementia was noted on the death certificate; or if a detailed retrospective interview with a
knowledgeable informant, covering the diagnostic domains required for clinical diagnosis including
separation from terminal decline, indicated that dementia was present. Participants were considered
to have died without dementia if: they did not have dementia at their last interview and that
interview had been conducted less than six months before death; or if they did not have dementia at
their last interview and the retrospective interview indicated no dementia at death?.

APOE genotype was available for 108 participants. At least one APOE2 allele was present in 19
(15%), and at least one APOE4 in 33 (26%) individuals.

Neuropathological Assessment of MRC-CFAS brain tissue

Pathological evaluation of the MRC CFAS cohort has been described in detail previously?™.
Assessments of plaques, CAA and tangles, were conducted by neuropathologists blinded to clinical
data, using immunohistochemical and tinctorial methods. The severity of amyloid plaques and CAA
were scored semi-quantitatively according to the Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD) protocol* ° as either ‘none’, ‘mild’, ‘moderate’ or ‘severe’. As the
score ‘severe’ was infrequent, data were dichotomised for analysis to “none-mild” and ‘moderate-
severe’. Neurofibrillary tangle pathology was rated according to the Braak and Braak staging 0-V1°®
" and partitioned into three subgroups: 0-11, I1I-1V and V-VI.

Post Mortem MRI Scanning

For all brains sampled, one cerebral hemisphere was fixed in 10% buffered formaldehyde for a
minimum of four weeks and then cut into 10 mm coronal slices (“thick slices”). Thick slices were
selected at three levels (Newcastle Brain Map coronal reference levels 10/12, 19/20, 24/25)8 °,
Thick slices were sealed in polythene bags then placed caudal-side up in a custom-built ‘self-
locking’ stack designed to fit the knee coil of an MRI scanner'®. MRI was performed witha 1.0 T
scanner (Siemens, Munich, Germany) using pulse sequences previously optimized for studying
post-mortem white matter hyperintensities (WMH)% 11, For all sequences, a single MRI image was
obtained at the centre of the thick slice by positioning a 5-mm window individually, with an in-
plane resolution of 0.63 mm x 0.59 mm. MRI scans were rated by consensus by three experienced
observers, blinded to clinical and neuropathological information'. Scans of thick slices from the
same brain were arranged nonconsecutively to reduce potential bias.

All WMH were marked by hand on a diagram of the MRI scans, to guide histological sampling of
white matter tissue blocks from thick slices, as described!® 1. See Supplementary Figure I, below.
WMH were classified into “deep subcortical” and “periventricular” and scored using a modification
of a protocol developed for in vivo scanning®?. The number and size of the WMH were rated in hard
copies of the scans according to the largest diameter of the WMH in each slice!®?,
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Among the 151 tissue blocks sampled, 69 were from a thick slice with no MRI-defined WMH; 18
were from thick slices with sub-cortical WMH up to 10 mm in greatest diameter and up to 10 in
number; 64 were from thick slices with sub-cortical WMH >11 mm in diameter, or confluent
WMH.

Primary antibodies

Human fibrinogen (rabbit polyclonal A-0080), and human IgG primary antibodies (rabbit
polyclonal A-0423) were from Dako-Cytomation, Ely, Cambs., UK. Human 1gG monoclonal
antibody (mouse 1gG1, Clone RWP49) was from Novocastra-Leica Microsystems, Newcastle-upon-
Tyne, UK, and the immunogen was a recombinant protein corresponding to 327 residues of human
IgG. All these antibodies have been characterised previously*®. Human CD68 (mouse monoclonal
antibody, clone PGM1) was from Dako-Cytomation, Ely, UK and has been characterised
previously™®.

Histopathology and Immunohistochemistry

Endogenous peroxidase activity was blocked by exposure to H202 (3% v/v, aqueous solution) for 8
min. After high-pressure heat-induced antigen retrieval (30 s, 125 °C, in pH 7.8 Tris-citrate buffer),
non-specific binding was blocked with phosphate buffered saline containing 0.1 % v/v Triton-X100
and 3 % (w/v) bovine serum albumin (PBT-BSA) for 60 min at room temperature. Sections were
then exposed to primary antibodies at 4 °C overnight.

Neighbouring sections from each tissue block were labelled for fibrinogen or for the activated
microglial marker CD68 (PGM1). Additional markers used were human 1gG, GFAP and AQP4.
Primary antibodies were diluted on the day of use in PBT-BSA. Primary antibodies were fibrinogen
(diluted 1:30,000), polyclonal IgG (1:100,000), monoclonal 1gG (1:400), CD34 (1:100), SMA
(1:600) and monoclonal CD68-PGML1 (1:400). Antibody labelling was visualised using a
peroxidase-conjugated secondary reagent (Envision® kit, K4065, Dako, Carpinteria, CA) and
diaminobenzidine (DAB) chromagen, then counterstained with Mayer’s haematoxylin. As a
negative control neighbouring sections were treated identically with an irrelevant primary antibody
(rabbit polyclonal anti-sheep IgG; BD-Pharmingen).

Digital Histology and Image Analysis

All histochemical labelling and image analysis was performed blind to clinical and MRI data. All
sections were digitally scanned under a 20x objective lens (Leica Slidescanner, accessed via UCL-
Advanced Diagnostics). Scanned sections were stored as .scn files, and viewed using Leica
Slidepath Gateway free software (www.leicabiosystems.com/).

For each fibrinogen labelled section and each CD68 labelled section, a single blinded observer (JA)
sampled 5 images at 10x magnification (each image area 0.967 mm?) according to a pre-
determined, geometric sampling protocol. Based on the approximately rectangular form of each
tissue section, images were sampled from the centroid of the white matter area and 4 images
distributed orthogonally around the centroid (total sampled area per section: 4.84 mm?).

Additionally, for each section containing a histopathology-defined lesion, the .scn files for CD68
and neighbouring fibrinogen labelled sections were co-registered within Leica Slidepath Gateway
software (aligned as in the examples in Supplementary Figure I1). Non-overlapping images at 10x
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magnification (each image area 0.967 mm?) were then sampled from the co-registered sections, so
as to cover the full extent of each cluster of CD68 positive amoeboid microglia.

All sampled images were then fed into a threshold detection algorithm within NIH ImageJ free
software (http://imagej.nih.gov/ij) to determine fgen_AF and CD68_AF. Labelled pixels were
detected using a fixed threshold detection method. An inbuilt maximum entropy filter was applied
to all images to minimise bias in the area fraction measurements. The labelled area fraction was
expressed as 100 x (number of positive pixels/total pixels).

Following completion of the histological analysis we were unblinded to MRI status for each tissue
sample, and fgen_AF and CD68_AF were analysed statistically by tissue type. For tissue sections
derived from an MRI-defined WMH, and containing a histopathology-defined lesion, we used
fgen_AF and CD68_AF data that had been obtained from CD68-directed sampling of co-registered
images. For all other tissue types, we used fgen_AF and CD68_AF data derived from geometric
sampling of images.
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Supplementary Figures

Supplementary Figure I. Examples of post mortem MRI scans of thick coronal slices from three
different participants (upper row). A, MRI-normal brain, with no WMH detected. B, WMH-
containing brain, showing mark-up of tissue areas on the MRI scan, for sampling NAWM and
WMH. C, another WMH-containing brain, following tissue sampling of a WMH area. D, different
slice from the same brain as C, without mark-up or sampling. E, NAWM tissue block from
harvested from the thick slice in B. F, WMH tissue block from B. G, CD68-labelled histological
section from F, showing a histological lesion. Scale bars 5 mm in E and F, 100 um in G.



Hainsworth et al. Supplement

Supplementary Figure Il. Examples of histopathology-directed image sampling in subcortical white
matter.

CD68 (PGM1)-labelled sections (left column) show clusters of amoeboid microglia, defined as
histological white matter lesions. Neighbouring sections labelled with fibrinogen (right column)
were co-registered within Slidepath Gateway software. Fibrinogen positive cells and axons are
evident in the upper two panels. Scale bars 200 pm.
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Supplementary Figure I11. Fibrinogen-labelled subcortical white matter tissue, examples of three
tissue types: healthy (WMH-free) white matter, normal-appearing white matter (NAWM) and
WMH confirmed as white matter lesions by CD68-PGM1 immunohistochemistry (Confirmed
Lesion).

Tissue blocks were derived from MRl WMH-free brains (A-C), or from brains containing WMH
(D-1). Panels D-F show NAWM and G-I show MRI-defined WMH containing CD68-defined
lesions. Fibrinogen positive cellular labelling was present in all tissue types (A-B, D-E and G-H).
Likewise, tissue sections lacking fibrinogen cellular labelling were seen in all three tissue types (C,
F, I). Intra-vascular labelling confirms antigenicity (C, F, I). Scale bars 200 pum.
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Supplementary Figure IV. Immunohistochemical labelling with fibrinogen compared with IgG and
CD68 in subcortical white matter.

Neighbouring sections from the same tissue block, around a landmark vessel (small vein). Sections
were immunolabelled either for CD68-PGM1 (panel A) or for fibrinogen (fgen, panel B) or for
immunoglobulin G (IgG, panels C and D). Immunolabelling for IgG (polyclonal or monoclonal
antibodies, panels C, D respectively) gives a similar labelling pattern to fibrinogen (B). Extra-
vascular labelling, including cellular labelling, is seen in B, C and D. Scale bar 100 pm.
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Supplementary Table I. Relationship between the presence of white matter abnormality and
fibrinogen immunolabelling

Fibrinogen area fraction

p 95% CIL(B) P
MRI-defined WMH*
¢ MRI: NAWM -0.16 (-0.41;0.10) 0.229
e MRI: WMH -0.09 (-0.33; 0.15) 0.451
Histology-defined white matter lesions**
e Histological lesion -0.02 (-0.20; 0.16)  0.827

Combined method***

e MRINAWM, histology non-

lesion
e MRI WMH, histology non-lesion -0.07 (-0.33;0.18) 0.571
e MRI: normal or NAWM,

-0.07 (-0.34;0.20) 0.613

: ) -0.20 (-0.63; 0.24) 0.370
histology lesion

e MRI WMH, histology lesion -0.03 (-0.31;0.26) 0.845

*reference: MRI WMH-free brains. **reference: histopathology non-lesion white matter.
***reference: MRI WMH-free, histopathology non-lesion

Weighted linear regression analyses were performed with MRI classification (MRI normal,
NAWM, WMH) as independent variable and fibrinogen area fraction as dependent variable. The
same analyses were repeated with histologically (CD68)-defined WML (none, present) as
independent variable and also with combined MRI/histological methods.

Abbreviations. WMH: white matter hyperintensity. NAWM: normal-appearing white matter.
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