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Abstract Amyloid-b-protein (Ab) is generally assessed

by neuropathologists in diagnostics. This BrainNet Europe

(http://www.brainnet-europe.org/) (15 centres and 26 par-

ticipants) study was carried out to investigate the reliability

of such an assessment. In the first part of this trial, tissue

microarray sections were stained with the antibody of each

centre’s choice. Reflecting the reality, seven antibodies and

a plethora of pretreatment strategies were used. Ninety-two

percent of the stainings were of good/acceptable quality

and the estimation of presence of Ab aggregates yielded

good results. However, a poor agreement was reached

particularly regarding quantitative (density) and qualitative

(diffuse/cored plaques) results. During a joint meeting, the

clone 4G8 was determined to label best the fleecy/diffuse

plaques, and thus, this clone and the formic acid pretreat-

ment technique were selected for the second part of this

study. Subsequently, all stained sections were of good/

acceptable quality and again a high level of concordance of

the dichotomized (presence/absence) assessment of plaques

and CAA was achieved. However, even when only one

antibody was used, the type of Ab-aggregates (diffuse/

cored), type of vessel and Vonsattel grade, were not reli-

ably assigned. Furthermore, the quantification of lesionsElectronic supplementary material The online version of this
article (doi:10.1007/s00401-008-0358-2) contains supplementary
material, which is available to authorized users.
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was far from reliable. In line with the first trial, the

agreement while assessing density (some, moderate and

many) was unimpressive. In conclusion, we can confirm

the utility of immunohistochemical detection of Ab-protein

in diagnostics and research. It is noteworthy that to reach

reproducible results a dichotomized assessment of Ab-

immunoreactivity rather than quantification and assign-

ment of various types of lesions should be applied,

particularly when comparing results obtained by different

neuropathologists.
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Introduction

Extracellular deposition of b-amyloid (Ab) protein is fre-

quently seen in the brains of aged and demented subjects

[2, 6]. The Ab is a 39–43 amino acid peptide resulting from

b- and c-secretase cleavage of the amyloid precursor pro-

tein [12]. Ab deposits are seen as fleecy, diffuse or dense/

cored plaques [10, 18, 22, 28] and Ab deposits are also

often observed in the walls of brain vessels, i.e. cerebral

amyloid angiopathy (CAA) [24, 27, 32]. Furthermore, two

recent review articles have summarized emerging evidence

that this peptide can also accumulate intracellularly [11,

21]. Thus, the assessment of Ab in the brain samples

obtained from both diseased as well as neurologically

unimpaired subjects [31] has become an important facet of

diagnostic practice.

Prior to the era of immunohistochemistry (IHC), rela-

tively unspecific chemical stains such as alkaline Congo

red, crystal violet method and thioflavin S were used in

order to detect Ab deposits [7, 8, 13]. Currently, Ab
aggregates are commonly detected in the brain tissue by

applying IHC methods. A large variety of commercial and

self-made Ab antibodies with a range of sensitivities and

specificities are currently in use. Consequently, differing

results may be obtained depending not only on the antibody

used but also from the pretreatment strategy and detection

system applied. Variability in resulting IHC stains has

recently been assessed with regard to other proteins such as

a-synuclein [4, 9]. It is surprising that as far as we are

aware, only one study has evaluated the reproducibility of

Ab-IHC in an inter-laboratory setting. This ‘pilot’ Brain-

Net Europe (BNE) inter-laboratory study, including 17

neuropathologists, revealed several pitfalls when applying

Ab-IHC [3]. As many as 29% of the stainings produced

were of poor quality, and moreover, even when only the

good/acceptable stainings were compared, the evaluations

of the load of Ab still significantly varied [3].

The BNE consortium has carried out several tissue

microarray (TMA) technique-based [16, 20, 30] inter-lab-

oratory comparison surveys that have allowed participant

laboratories to assess their proficiencies with various IHC

stainings [3, 4, 17]. This present BNE inter-laboratory

study was designed to evaluate the reliability of the

assessment of Ab-immunoreactive (IR) aggregates in brain

samples when viewed by experienced neuropathologists.

This study consisted of an assessment of the routine tech-

niques currently followed by each centre, i.e. the first trial

and subsequently an assessment of the results when only

one antibody was used, i.e. the second trial. This report

summarizes the results obtained when 26 evaluators from

15 centres assessed the Ab-IR aggregates in TMA core

samples (2-mm Ø) using IHC methodology.

Materials and methods

Construction of TMA blocks and sectioning

The flowchart delineates the logistics of this study (Fig. 1).

Construction of TMA blocks was carried out as described

earlier [3, 17]. The demographic of the subjects from

whom the tissue was obtained and the details regarding

brain samples are given in Supplementary table 1. Briefly,

the age at death of the subjects (10 females and 13 males)

ranged from 58 to 88 years. The post-mortem delay varied

from 3 h to 4 days, the fixation time from 1 day to 5 years,

the maximum temperature of the embedding medium

ranged from 56 to 63�C and the storage duration for the

blocks ranged from 1 day to 10 years.

Assessment of comparability of TMA sections

Prior to distribution of TMA sections to the participants,

the uniformity/comparability of the sections, i.e. cores, was

assessed by the co-ordinating centre. Briefly, every tenth

TMA section (n = 10 in TMA1, n = 11 in TMA2) was
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pretreated with 80% formic acid for 1 h and stained using a

monoclonal antibody to Ab (clone 4G8, Signet Laborato-

ries, Dedham, MA, USA) at a dilution of 1:2,000. Every

fifth core in each TMA section was assessed with respect to

the density and number of Ab-IR plaques, and number of

vessels exhibiting CAA.

BNE participant efforts

The BNE participant efforts in trials 1 and 2 are sum-

marized in Fig. 1. Briefly, in the first trial, the slides

were to be stained by using the participant’s own choice

of antibody directed to Ab without strict methodological

recommendations. Results obtained were discussed at a

joint meeting and the difficulties observed during the

assessments were summarized. At this meeting, the

antibody to be used in the second part of the trial was

agreed upon. The assessment instructions including fig-

ures, references for the assessments of vascular

pathology [27, 28, 32] and data sheets for recording of

the assessments, were the same in both trials and are

summarized in Fig. 2.

Trial 1 � Evaluation of the current praxis

Trial 2 � Evaluation of the assessments after harmonization of IHC methodology

Collection of material

• Routinely processed, paraffin embedded block of occipital cortex with Aβ pathology

• Demographics and details of post mortem delay, fixatives and storage time (Supplementary table 1).

1

Assessment of the comparability of the shipped TMA sections (both blocks)

• Every 10th section was stained with Aβ-IHC (Signet 4G8) and results were assessed.

2

A B C D E F G H
1
2
3
4
5
6

TMA
section
trial 1

I A B C D E F G H

1
2
3
4
5

TMA
section
trial 2

= core sample excluded due to loss
= core sample included (TMA1: n = 47; TMA2: n = 35)

Occipital cortex,
H&E stain,
examples of sampling

BNE participant (n = 15) efforts for trials 1 and 2
Each centre received:

1. One unstained section/an assessor
(2. Staining protocols for trial 2)

3. Assessment instructions (see Fig. 2)
4. Recording sheets (see Fig. 2)

In trial 1: Each participant was requested to carry
out a staining using current IHC praxis
(Supplementary table 2)

In trial 2: Stainings using recommended antibody
and methods (Supplementary table 3)

Assessment of the staining results as requested
(trials 1 and 2)

Shipment of stained sections, staining protocols
(Supplementary tables 2 and 3) and recording
sheets to the co-ordinating centre (trials 1 and 2)

4

P
A

R
T

IC
IP

A
T
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G
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N

E
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E
N

T
R

E
S

Collection of data (both trials)
1. Loss of cores: The core was included

when 75% of its tissue remained in 75%
of all TMA sections

2. Quality of staining:
Good / Acceptable / Poor

3. Analysis of the data (see Fig. 3)

NOTE: Selection of antibody and IHC
methods for trial 2 based on results in
trial 1.

5

3

RESULTS OF TRIALS 1 AND 2

Loss of core samples

Staining quality (Figs. 5-7)

Agreement between the assessments
(Tables 1 and 2, Supplementary table 4)

Construction of TMA blocks for trials 1 (TMA1) and 2 (TMA2) and sectioning

• 23 paraffin blocks were received for TMA1, 17 blocks were re-used for TMA2

• 2 core samples (Ø 2 mm) were taken from each paraffin block
• 7-µm-thick serial sections were cut

T
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O
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E
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T
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E

Fig. 1 The flowchart delineates

the logistics of this study while

assessing b-amyloid pathology

in an inter-laboratory setting
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Assessment of Ab-IR aggregates

As described in Fig. 2, a variety of Ab-IR structures was to

be assessed in both trials (Fig. 2). Briefly, the evaluators

were expected to provide a dichotomized assessment, that

is, determination of the absence or presence of the back-

ground staining and Ab-IR in general (i.e. all types of

plaques, CAA, labeled cells, etc.). Furthermore, Ab-IR

diffuse plaques, cored plaques, neurons, glial cells, CAA,

arteries, veins and capillaries were to be assessed in a

dichotomized manner. In addition, a count (0 ?[ 20) and

also an estimate of the density (0 = none; 1 = some * 10;

2 = moderate * 40 and 3 = many * 100), see Panel b in

Fig. 2a) of plaques were to be included. With respect to Ab-

IR CAA, the evaluators were also asked to count vessels

exhibiting CAA (0 ?[20) and Vonsattel grading of CAA

(0 ? 3, see Fig. 2).

Data analysis at the co-ordinating centre

The sections stained by the participating BNE centres were

evaluated with respect to loss and damage to cores and with

respect to quality of staining on a scale incorporating both

staining intensity and background staining (good, accept-

able and poor). Briefly, in good stainings, the staining

clearly labelled the lesion evenly in most of the core

Panel a.  Aβ-IHC (Dako M0872, dilution 1:100)

d e f

g h i

dAβ+ cAβ+

Aβ+ in vessel walls
CAA, Stage 1

Aβ+ in 
vessel walls
CAA, Stage 2

Aβ+ in vessel walls,
CAA, Stage 2

Aβ+ in vessel walls
CAA, Stage 1

a b c

Aβ+ cells and
small plaques dAβ+ dAβ+

1 2 3

Panel b. Density of Aβ+ plaques in the 2-mm
TMA core sample, x100

0 - no immunoreactivity
1 - some plaques ~ 10
2 - moderate number of plaques ~ 40
3 - many plaques ~ 100

a. Assessment instructions
Assess the lesions within the whole core sample following the instructions below. Use Your microscope freely, without
restrictions regarding magnifications:
For each core sample
1) Unspecific background staining (no/yes)
2) Aβ+ aggregates (no/yes)

(i.e. cAβ+, dAβ+, CAA, labelled cells etc, see Panel a)

3) dAβ+ (The size of the dAβ+ is not an issue.) (no/yes)
4) cAβ+ (The size of the cAβ is not an issue.) (no/yes)
5) Aβ+ cells (Note whether neurons and/or glial cells are labelled.) (no/yes)
6) Count of Aβ+ plaques (both cAβ and dAβ) 0,1,2,3,.. >20.
7) Aβ+ plaque density/frequency, see Panel b. 0-3
8) Aβ+ deposits in vessel walls (no/yes)
9) Count of vessels with Aβ+ deposits 0,1,2,3,.. >20.

(regardless of the severity of CAA or of the vessel type affected)

10) Vonsattel grading of CAA, see Panel c. 0-3
11) Affected arteries/arterioles (A), veins/venules (V), capillaries (C) 0, A, V, C

Panel c. Vonsattel grading of CAA (34)

0 – no CAA

1 – Aβ+ in vessel wall(s) without significant smooth
muscle cell degeneration

2 – Aβ+ in vessel wall(s) with significant destruction and
fibrosis of media

3 – Aβ+ in vessel wall(s) with micro- or
macrohemorrhages

Mode of staining
manual / automatic

Pre-treatment Antibody
Company/Code/Clone

Dilution Incubation
time

Detection system/kit

Case
x/y

1
back-

ground

no/yes

2
Aβ+

aggregates

no/yes

3
diffuse

Aβ+
plaques

no/yes

4
cored
Aβ+

plaques

no/yes

5
Aβ+

neurons (n)
glial cells (g)

0, n, g

6
count of 

Aβ+ plaques
(dAβ + cAβ)

0, 1, 2, ...>20

7
density
of Aβ+

plaques

0, 1, 2, 3 

8
Aβ+
CAA

no/yes

9
count of 
vessels

exhibiting
CAA

0,1,2 >20

10
Vonsattel
grade of

CAA

0, 1, 2, 3 

11
type of 
vessels

with CAA
arterial A
venous V 

capillary C
0, A, V, C

12
COMMENTS

A / 1
B / 1
etc.

 Recording sheet for trials 1 and 2b.

Fig. 2 a Summary of the

assessment instructions, and

b an example of the recording

sheet. Abbreviations:

Ab+ b-amyloid-

immunoreactivity, cAb+ cored

b-amyloid-positive plaques,

dAb+ diffuse b-amyloid-

positive plaques (including

lake-like, subpial band-like and

fleecy b-amyloid-

immunoreactivities), CAA
cerebral amyloid angiopathy
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samples in a TMA section, whereas in acceptable stain-

ings, lesions were detectable but the intensity of staining

between the cores varied with regard to the lesions and/or

background. The staining was assessed as poor when the

lesions were not at all detectable in some of the core

samples.

In both trials, results obtained from different participants

were compared either at the core sample level (core-to-core

comparison) or at the TMA section level (Fig. 3) when

poor stainings were excluded.

On the basis of the comments received from the joint

meeting that was held after the first trial, a re-assessment of

the density of plaques was carried out at the co-ordinating

centre.

Statistical analysis and photomicrography

SPSS program for Windows (SPSS Inc., Chicago, IL,

USA) was used for statistical analyses. The average sta-

tistical differences in the comparability of the shipped

sections were estimated by a non-parametric Kruskal–

Wallis (K–W) test. The average statistical differences

between the assessments of IR structures at the TMA

section level (and also between re-assessments of the

A B C D E F G H
1
2
3
4
5
6

TMA
section

b

Assessment 2

A B C D E F G H
1
2
3
4
5
6

TMA
section

a

Assessment 1

mean±SE

mean±SE

A B C D E F G H
1
2
3
4
5
6

TMA
section

c

Assessment 3

mean±SE

n = 24 assessments in trial 1
n = 21 assessments in trial 2

At the TMA level:
mean±SE:

Count of plaques
Count of vessels
Density of plaques
Vonsattel grading of CAA

Non-parametric
Kruskal-Wallis test:

Count of plaques
Count of vessels
Density of plaques
Vonsattel grading of CAA

At the core sample level, i.e. core-to-core comparison:
Dichotomized assessment (yes/no) of Aβ-IR:

Aggregates
Diffuse plaques
Cored/dense plaques → Scores of yes (%)
Cells
Arteries, veins, capillaries

Quantification of Aβ-IR:
Count of plaques and vessels
counts 0 → 20 by assessors

- counts were semiquantitatively
scored as follows: 0 = none, 1 = 1-10,
2 = 11-20 and 3 = more than 20 → Most frequent

Density of plaques score (%)
0 = none, 1 = some~10,
2 = moderate~40 and 3 = many~100
Vonsattel grading of CAA (32)
0-3, see Figure 2

Fig. 3 A schematic

presentation of the data

analysis. At the core sample

level, i.e. core-to-core

comparison the same core

(example A 1) was compared in

consecutive sections stained by

participants. At the TMA

section level, all cores in

consecutive sections stained by

participants were compared.

TMA tissue microarray, CAA
cerebral amyloid angiopathy,

Ab-IR b-amyloid-

immunoreactivity
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density of plaques) were estimated by the non-parametric

K–W test (Fig. 3). A non-parametric Wilcoxon test and a

value of absolute agreement (%) (i.e., the proportion of

core samples assessed equivalently in the primary and re-

assessments), both, were used to estimate statistical dif-

ferences between the primary and re-assessments of the

density of plaques. At the core sample level, the proportion

of the most frequent score (for the counts and density of

Ab-IR plaques, counts of vessels exhibiting CAA and for

the Vonsattel grades) was calculated (Fig. 3).

Digital images were taken using an Olympus BX40

microscope equipped with an Olympus DP50 microscope

digital camera system (Olympus Optical Co., Ltd., Tokyo,

Japan).

Results

Comparability of consecutive sections

The density and number of Ab-IR plaques and the number

of vessels exhibiting CAA were assessed for the repre-

sentative 10 TMA sections in both TMA1 and TMA2, and

the results did not differ significantly (TMA1: K–W test,

P = 0.437 for all parameters; TMA2: K–W test,

P = 0.995, P = 0.981, P = 0.999, respectively), i.e. in the

consecutive sections, the corresponding cores (Fig. 3)

displayed similar number of lesions.

Result in the first trial, i.e. current IHC practices

There were 47 cores in the TMA1 sections (Fig. 1, Sup-

plementary table 1) and altogether, the co-ordinating centre

received 24 stainings and assessments from 15 BNE

centres.

Quality of staining. The participants had used seven

different antibodies with a variety of IHC methods (Fig. 4,

Supplementary table 2). In general, the intensity of IR

structures, both plaques and CAA, varied notably between

the different stainings. The intensity of IR varied also

between the core samples within a TMA section in some of

the stainings. When clone 6F3D was used, the vessels

exhibiting CAA were often more intensively detected than

the plaques; in particular, the diffuse plaques were only

faintly stained or undetectable. It is noteworthy that some

of the antibodies visualized intracellular labelling more

efficiently than others. It was noted also that while using

one and the same antibody, the staining quality seemed to

be influenced by the IHC practice used, in particular, the

pretreatment strategy. For example, while using clone

6F3D, the staining clearly required tissue section pre-

treatment with formic acid, and thus pressure cooker alone

(staining/assessment code #10) was not sufficient for

epitope unmasking. The staining was assessed as good

(staining clearly labelled the lesions in most of the core

samples in a TMA section) in 50% (12/24), acceptable

(some variability of labelling of lesions was seen) in 42%

(10/24), and poor (some core samples remained negative)

in two stainings (Fig. 5, Supplementary table 2). In

majority of stainings as well as in the majority of core

samples, there was no disturbing background staining.

However, regardless of which antibody was used, in two of

the core samples (cores 47 and 48) intensive background

staining was detected quite frequently (Fig. 6). These cores

were taken from a block that had been fixed for 1 day in

AFA (5% acetic acid glacial, 0.8% formalin, 75% alcohol,

19.2% H2O, Eosin) and subsequently the block was placed

in formic acid prior to paraffin embedding (Supplementary

table 1).

When not otherwise stated, results below include only

assessments of slides of good/acceptable quality.

Ab-IR plaques: determination of the presence or

absence. Most of the antibodies used labelled diffuse pla-

ques in 45 of the 47 core samples (only CAA was seen in

cores 30 and 31). In majority of these 45 core samples, all

stainings revealed diffuse plaques (33/45 cores, 75%). In

the remaining 12 core samples (cores 11–12, 21–23, 26,

and 43–48), diffuse plaques were frequently missing in six

of the stainings [clone 6E10: #19; clone 6F/3D: #6, 7;

clone 4G8: #13, 14 and polyclonal antibody (pAb) 44–136:

#23]. In contrast, cored plaques were seen in only 16% of

the 45 core samples (7/45), independent of the antibody

used. It is noteworthy that when applying only 1- to 3-min

pretreatment with formic acid (#1, 5, 11, 16, 17, and 20),

some of the cores did not display any cored plaques.

Ab-IR plaques; counts and density (independent of

plaque type). Detailed results are given in Table 1. At the

TMA section level, the counts (0 to [20) of plaques dif-

fered significantly (K–W test, P = 0.001) between the

BNE participants when applying different stainings, with

the mean values (±SE) ranging from 19.9 ± 0.6 to

14.9 ± 1.1. It is noteworthy that, when only stainings of

good quality were included the difference was not signifi-

cant (K–W test, P = 0.181). The assessments of the

density (0; 1, some * 10; 2, moderate * 40; 3,

many * 100) of plaques differed significantly between the

BNE participants when applying different stainings, both

when stainings of good/acceptable or only good quality

were included (K–W test, P = 0.000 and P = 0.001,

respectively).

Ab-IR CAA: dichotomized assessment. CAA was seen,

at least in some of the stainings, in 45 of the 47 core

samples and in two of the cores; only CAA without plaques

was seen (cores 30 and 31). CAA was seen in 36% of the

core samples (17/47) in all stainings. Two cores were

repeatedly positive regarding CAA and two cores were

538 Acta Neuropathol (2008) 115:533–546
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repeatedly negative. In 60% of core samples, the evaluators

disagreed in the assessment of the CAA.

Ab-IR CAA: counts and Vonsattel grade. At the TMA

section level, the results of the counts (0 to[20) of vessels

exhibiting CAA did not differ significantly (K–W test,

P = 0.600) between the BNE participants when applying

different stainings, with the mean values (±SE) ranging

from 8.7 ± 1.2 to 5.0 ± 1.0 (Table 1). In addition, the

APP695

α APPs

βAPPs

β α γ

Aβ

N C

Lumen Cytosol

Aβ

1 42
clone 6E10

(aa 4-9) clone 6F/3D
(aa 10-15)

poly BAM 421-A
(aa 35-42)

clone 4G8
(aa 18-22)

β αα

clone 1E8
(aa 13-27)

poly 44-136
(aa 15-30)

poly 9221-P
(aa 8-17)

Fig. 4 Physiological cleavage of b-amyloid peptide and a schematic

presentation of the epitopes of antibodies that were used in this

study. Clone 6E10 is raised against, i.e. immunogen Ab1–17 (Signet)

and recognizes amino acid residues, i.e. epitope Ab4–9 (Signet),

Ab5–11 [1] or Ab4–13 [19, 29]; clone 6F3D immunogen Ab8–17

(DakoCytomation) and epitope Ab9–14 (DakoCytomation), Ab10–15

[1] or Ab9–14 [23]; clone 4G8 (Signet) immunogen Ab17–24 and

epitope Ab18–22 (Signet), Ab17–21 [23] or Ab18–20 [1]; clone 1E8

immunogen Ab17–23 [5]. The specificity of polyclonal antibodies as

given by the producer

Fig. 5 Note the variable density of labelled lesions in the same core

sample (brain sample 1) in three stainings of good quality when using

different monoclonal b-amyloid antibodies: a clone 6E10, staining

#19, b clone 6F3D, staining #6, and c clone 4G8, staining #14

(original magnification, 940)
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assessments of the Vonsattel grade of CAA did not differ

significantly (K–W test, P = 0.261) between the BNE

participants when applying different stainings, with the

mean values (±SE) ranging from 1.3 ± 0.1 to 0.7 ± 0.1

(Table 1).

Ab-IR arteries, veins and capillaries. CAA was never

detected in the arteries in 28% (13/47), in the veins in 21%

(10/47), and in the capillaries in 6% (3/47) of the core

samples. Most evaluators (75–100%) had observed CAA in

the arteries, veins or capillaries in 35% (12/34), 22% (8/37)

and in 9% (4/44) of the core samples, respectively.

Cellular Ab-IR. Ab-IR cells were detected in each core

of the TMA1 sections, at least with some of the antibodies

used. The number of cores with IR cells depended, how-

ever, on both the antibody and the pretreatment strategy

used. When using clone 4G8, all evaluators had always

seen labelled cells in 34% of core samples (16/47) and also

in the majority of the remaining 31 cores and more than

75% of the evaluators had seen labelled cells. In contrast to

the situation with clone 4G8, while using clones 6F3D and

6E10, the assessment of the presence of IR cells varied

significantly.

Selection of antibody and pretreatment strategy

for the second trial

In the first trial, while using clone 4G8, the staining results

were good and/or acceptable in 83% of the stainings.

Furthermore, it was noted that the fleecy Ab aggregates

were readily labelled with this antibody. Thus, clone 4G8

and a pretreatment strategy utilizing formic acid were

consequently chosen for the second trial. Details of the

staining methods applied by the participants in the second

trial are listed in Supplementary table 3.

During the joint meeting after the first trial, it became

evident that several of the evaluators had experienced

difficulties in assessing the density of plaques (0,

1 = some * 10, 2 = moderate * 40, 3 = many * 100).

Thus, in the second trial, a reassessment of the density of

plaques was carried out by the co-ordinating centre.

Results in the second trial, i.e. with harmonized IHC

methodology

There were 35 core samples in the TMA2 sections (Fig. 1,

Supplementary table 1) and altogether, the co-ordinating

centre received 21 assessments from 13 BNE centres.

Nineteen sections of these 21 were available for evaluation

and reassessment by the co-ordinating centre.

Quality of staining. The quality of staining was

assessed as being good in 18 of the 19 stainings obtained

for re-assessments (Supplementary table 3). One staining

(#21) was uneven and faint and was thus, assessed as

being only acceptable quality. In general, the intensity of

IR structures, both plaques and CAA, was quite even and

strong within a single TMA section in the stainings with

good quality. It is noteworthy that there was some vari-

ability in the pretreatment strategies even though all

laboratories did apply formic acid pretreatment (Supple-

mentary table 3). A faint background staining (i.e.

including both grey and white matter) was detected in

most of core samples in five of the 21 stainings (#4, 6, 7,

11 and 13). However, the contrast between the back-

ground staining and labelling of lesions was good. It is

worth mentioning that intracellular labelling was detected

in all stainings.

Ab-IR plaques; dichotomized assessment. In two of the

35 core samples in TMA2 (cores 21, 22), only severe CAA

without IR plaques was noted. Diffuse plaques were

observed within most of the remaining 33 cores (30/33) by

all evaluators (Table 2). Cored plaques, in turn, were

detected by all evaluators in only 33% of the cores (11/33),

and by 75–99% of the evaluators in 48% (16/33) of the

cores.

Ab-IR plaques: counts (independent of plaque type). At

the TMA section level, the counts (0 to[20) of plaques did

not differ significantly (K–W test, P = 0.999) between the

BNE participants, with the mean values (±SE) ranging

from 19.6 ± 0.8 to 18.1 ± 1.2 (Supplementary table 4). In

74% of the core samples (26/35), all evaluators had given a

similar count of plaques (Table 2).

Fig. 6 Note variable

background staining in the same

core sample (brain sample 22)

when two participants used

clone 4G8 for the visualization

of b-amyloid-immunoreactivity:

a staining #14, and b staining

#16. In these two stainings, the

pre-treatment strategy, dilution

and detection system varied

(original magnification, 940)
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Table 1 Assessment of b-amyloid-immunoreactive plaques and cerebral amyloid angiopathy when the stainings were done using current

immunohistochemical practices (tissue microarray 1 including 47 core samples)

Staining/

assessment

codea

Antibody Quality of

staining

b-Amyloid-immunoreactive plaques b-Amyloid-immunoreactive

cerebral amyloid angiopathy

Count

(mean ± SE)b
Density

(mean ± SE)c
Count

(mean ± SE)b
Vonsattel grade

(mean ± SE)d

19 Clone 6E10 / G 17.6 ± 1.0 1.8 ± 0.1 5.0 ± 1.0 1.1 ± 0.2

20 Signet A 18.2 ± 1.0 2.6 ± 0.1 5.8 ± 1.1 1.0 ± 0.1

aa 4–9 K–W 0.775f K–W 0.000f K–W 0.760f K–W 0.814f

3 Clone 6F3D/ G 19.4 ± 0.8 1.7 ± 0.1 6.8 ± 1.1 1.2 ± 0.1

9 DakoCytomation/ G 19.1 ± 0.8 1.6 ± 0.1 6.2 ± 1.2 0.9 ± 0.1

4 Novocastra G 18.8 ± 0.9 1.6 ± 0.1 8.7 ± 1.2 1.2 ± 0.1

2 aa 10–15 G 18.8 ± 0.9 1.9 ± 0.1 6.1 ± 1.2 0.8 ± 0.1

1 G 18.6 ± 0.8 1.9 ± 0.1 6.8 ± 1.1 0.9 ± 0.1

12 G 18.5 ± 0.9 1.6 ± 0.1 7.0 ± 1.2 1.1 ± 0.1

6 G 17.0 ± 1.0 1.9 ± 0.1 5.2 ± 1.1 0.8 ± 0.1

8 A 19.8 ± 0.7 2.1 ± 0.1 6.2 ± 1.1 0.7 ± 0.1

5 A 18.8 ± 0.9 2.0 ± 0.1 5.7 ± 1.1 1.0 ± 0.1

7 A 18.2 ± 0.9 1.7 ± 0.1 6.4 ± 1.1 1.2 ± 0.1

11 A 14.9 ± 1.1 1.3 ± 0.1 5.8 ± 1.1 1.0 ± 0.1

10 P 10.2 ± 1.3 1.2 ± 0.1 4.5 ± 1.0 0.8 ± 0.1

K–W 0.000e K–W 0.000e K–W 0.195e K–W 0.061e

K–W 0.000f K–W 0.000f K–W 0.496f K–W 0.071f

K–W 0.129g K–W 0.068g K–W 0.256g K–W 0.072g

16 clone 4G8/ G 19.9 ± 0.6 1.7 ± 0.1 7.9 ± 1.1 1.0 ± 0.1

13 Signet G 19.3 ± 0.8 1.5 ± 0.1 6.0 ± 1.1 1.0 ± 0.1

18 aa 18–22 G 18.7 ± 0.9 1.7 ± 0.1 6.4 ± 1.2 1.2 ± 0.2

14 G 18.1 ± 0.9 2.1 ± 0.1 5.8 ± 1.1 1.0 ± 0.2

17 A 18.5 ± 0.9 1.8 ± 0.1 6.1 ± 1.1 1.1 ± 0.1

15 P 17.6 ± 1.0 1.9 ± 0.1 5.8 ± 1.1 0.7 ± 0.1

K–W 0.382e K–W 0.000e K–W 0.828e K–W 0.231e

K–W 0.552f K–W 0.000f K–W 0.779f K–W 0.784f

K–W 0.514g K–W 0.000g K–W 0.637g K–W 0.769g

21 clone 1E8 /GlaksoSmithKlein aa 18–22 A 19.0 ± 0.8 1.5 ± 0.1 6.9 ± 1.2 1.2 ± 0.2

24 pAb 9221-P /Neomarkers aa 8–17 A 17.3 ± 1.0 1.4 ± 0.1 8.5 ± 1.1 1.3 ± 0.1

23 pAb 44–136 /Biosource aa 15–30 A 18.7 ± 0.9 1.6 ± 0.1 5.9 ± 1.1 1.0 ± 0.1

22 pAb BAM421-A/AlphaDiagnostics aa 35–42 A 17.9 ± 0.9 1.9 ± 0.1 5.5 ± 1.0 0.9 ± 0.1

K–W/all stainingse 0.000 0.000 0.456 0.108

K–W/good and acceptable stainingsf 0.001 0.000 0.600 0.261

K–W/good stainingsg 0.181 0.001 0.445 0.336

aa amino acid, pAb polyclonal antibody, A acceptable, G good, P poor, SE standard error of means
a Numbering is computed according to ascending number sequence of Supplementary table 2
b Count of plaques or vessels exhibiting cerebral amyloid angiopathy 0 ?[20
c Density of plaques: 0, none; 1, some * 10; 2, moderate * 40; 3, many * 100
d Vonsattel grade (0, no cerebral amyloid angiopathy; 1, b-amyloid-immunoreactivity in vessel wall(s) without significant smooth muscle cell

degeneration; 2, b-amyloid-immunoreactivity in vessel wall(s) with significant destruction and fibrosis of media; 3, b-amyloid-immunoreactivity

in vessel wall(s) with micro- or macrohemorrhages)
e Non-parametric Kruskal–Wallis test when all stainings were included
f Non-parametric Kruskal–Wallis test when only good/acceptable staining qualities were included
g Non-parametric Kruskal–Wallis test when only good staining qualities were included
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Ab-IR plaques: density (independent of plaque type). At

the TMA section level, the semiquantitative assessments of

the density (from none to many) of plaques differed signif-

icantly (K–W test, P = 0.000) between the BNE

participants, with the mean values (±SE) ranging from

2.1 ± 0.1 to 1.6 ± 0.1 (Fig. 7, Supplementary table 4).

Absolute agreement in assessing the density of plaques

between primary and re-assessment in the 19 obtained

TMA2 sections ranged between 43 and 83% (Supplementary

table 4). At the core sample level, by comparing assessments

of the density of plaques in only 6% of cores (2/35) did all

evaluators reach similar results, i.e. no plaques were seen. In

contrast, when any plaques were seen (0, 1 = some * 10,

2 = moderate * 40, 3 = many * 100), the agreement

ranged between 52 and 95% (Table 2).

Ab-IR CAA; dichotomized assessment. All evaluators

had observed CAA in 34% of the core samples (12/35),

whereas in four cores (11%), CAA was never detected. In

26% (5/19) of the remaining 19 core samples, 75–99% of

the evaluators had seen CAA.

Ab-IR CAA: counts and Vonsattel grade. At the TMA

section level, the counts (0 to [20) of vessels exhibiting

CAA did not differ significantly (K–W test, P = 0.792)

between the BNE participants with the mean values

(±SE) ranging from 8.2 ± 1.4 to 4.9 ± 1.1 (Supple-

mentary table 4). At the core level, by comparing the

assessments of counts of vessels exhibiting CAA, in only

14% of the cores (5/35), all assessors reached similar

results. In the remaining core samples, the agreement

ranged between 43 and 95% (Table 2). Moreover, in nine

core samples, the evaluators had given up to three and

occasionally even four possible scores, i.e. none, some,

moderate, and numerous vessels exhibiting CAA. At the

TMA section level, the assessments of the Vonsattel

grade of CAA did not differ significantly (K–W test,

P = 0.544) between the BNE participants with the mean

values (±SE) ranging from 1.3 ± 0.2 to 0.7 ± 0.1

(Supplementary table 4). However, at the core level, in

only 11% of the cores (4/35), had the evaluators given the

same grade of Vonsattel, and in the remaining cores, the

agreement ranged between 33 and 95% (Table 2). It is

noteworthy that in as many as 17 of the 35 core samples,

the evaluators had awarded up to three possible score

values for the Vonsattel grade.

Ab-IR arteries: veins and capillaries. CAA was never

detected in the arteries in 20% (7/35), in the veins in 26%

(9/35), and in the capillaries in 20% (7/35) of the core

samples. More than 75% of the evaluators had observed

CAA in the arteries, veins or capillaries in 39% (11/28),

23% (6/26) and in 14% (4/28) of the core samples,

respectively.

Cellular Ab-IR. All evaluators had detected Ab-IR cells

in 26% of the core samples (9/35) and moreover, in most ofT
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the remaining 26 cores, 75–99% of the evaluators had seen

IR cells. The evaluators disagreed largely regarding the

presence of IR cells in only two core samples with some

background staining (cores 21 and 22). It is noteworthy that

these two cores exhibited only CAA.

Discussion

Ab is commonly assessed by neuropathologists in diag-

nostics and thus a high level of reproducibility of such an

assessments is desirable. In a recent publication, BNE

reported that while assessing a-synuclein pathology, only

the assessment of presence or absence (dichotomized

assessment) of pathology is reliable [4]. Likewise, here,

when we assessed Ab aggregates, a good agreement

when using dichotomized assessment was observed when

24 neuropathologists applied their own choice of anti-

body (the first trial) and when 21 neuropathologists

applied only one recommended antibody (the second

trial).

In contrast, a poor agreement was obtained on variables,

which require a quantitative and qualitative decision by the

observer despite detailed instructions and even when using

the same antibody. This goes beyond the present knowl-

edge about the reliability of the assessment of the extent/

load of Ab aggregates.

The lack of agreement on the quantitative assessment of

Ab-deposits in the first trial was mainly attributed to the

quality of staining rather than the choice of antibody. Thus,

when only stainings of good quality were included, no

significant difference was found in the counts of lesions

(0 ? 20) even when using three commercial antibodies.

Comparably, in the second trial, when 21 participants

applied only one antibody, the count of lesions did not

differ significantly. It is noteworthy that the scores of

lesions in individual cores in a TMA section tended to

cluster at numerous lesions rather than being evenly dis-

tributed across the potential range, and thus, the lack of

significant difference while counting should be interpreted

with caution. In contrast, the score of counts of vessels

exhibiting CAA was more evenly distributed, and thus, at

least in a limited area (3.14 mm2) the counting of vessels

exhibiting CAA is more reliable.

No agreement was reached in the first or the second parts

of this study while assessing the density of plaques (0,

1 = some * 10, 2 = moderate * 40, 3 = many * 100).

This result might be attributed to the uneven distribution of

plaques and/or presence of confluent plaques in a 2-mm core

sample measuring 3.14 mm2. However, when re-assessing

all core samples, it was noted that primary assessors quite

often had given various assessments referring to some,

moderate or many plaques, indicating that differentiation

between densities as was illustrated by a cartoon in Fig. 2

was not feasible. This is unfortunate as the assessment of

density of lesions is commonly applied both in diagnostics as

well as in research. Thus, researchers and neuropathologists

should be aware of these methodological pitfalls when

comparing results obtained in different, although very

trustable, laboratories. In conclusion, a direct comparison of

densities of Ab aggregates reported by different centres is not

recommendable.

It is noteworthy that in this study, the results regarding

counts and density were obtained when evaluating 2-mm

core samples, and thus, these results are not directly

applicable to routine practice where the assessment of

plaques is carried out on sections including a large area of

grey matter. It is intuitive that the variability should be

higher when a larger specimen is observed due to the inter-

rated divergence of the area considered, as the distribution

of plaques is patchy. Thus, based on our results, it is

questionable whether independent neuropathologists can

reach comparable quantitative results without the help of

morphometry.

Surprisingly, there was a poor agreement in the

assignment of the type of plaques. The identification of the

type of plaques, diffuse versus cored/dense seemed to be

influenced not only by the antibody used but also by the

Fig. 7 Labelling of b-amyloid

lesions using the same antibody

(clone 4G8). Even though the

density seems comparable in

these core samples, the densities

evaluated by different

participants ranged from

moderate to numerous (original

magnification, 940)
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observer. The influence of antibody is not surprising since

each antibody is produced against different antigens (epi-

topes) (Fig. 3) [14, 15, 25, 26, 28]. There was, however, a

high level of inter-rater variability even when one antibody

was used; stainings were assessed as being good in quality

even though detailed instructions including photographs

were available. This is unfortunate as the type of plaques

diffuse versus cored/dense is considered reflecting issues

related to the development of these lesions and thus ageing

and/or progression of a disease [28]. An important issue

regarding concordance in assignment of lesions is proba-

bly, however, a joint training session as was recently

shown by us while assigning a-synuclein IR lesions [4].

Thus, the assignment of plaque type should not be used as a

diagnostic tool at least in an inter-laboratory setting.

In both parts of this trial, the assessment of the presence

of CAA yielded comparable results. The distinctive fea-

tures of arteries, veins and capillaries were not reliably

identified in IHC-stained sections, resulting in somewhat

poor agreement, particularly when assessing capillary

CAA. Likewise, the assessment of the Vonsattel grade was

unreliable. Thus, it is recommended that additional histo-

logical stainings should be applied when the distinction of

the vessel type is required, whereas to achieve a high

agreement while assigning Vonsattel grade, a joint training

session is probably additionally required.

All assessors detected intracellular Ab-IR with the clone

4G8 (second part of the trial), whereas with the clone 6F3D

(first part of the trial) the results were more diverse. The

variable intracellular labelling seems to be due to the dif-

ferent Ab antibodies, i.e. different amino acid residues are

detected. Thus, one should always keep in mind the vari-

able performance of different commercial Ab antibodies,

particularly when comparing published reports with dif-

fering results (present vs. not present) regarding

intracellular labelling.

The quality of staining varied to some extent within a

TMA section. This variability is probably attributed to the

pre-sectioning conditions such as post-mortem delay and

fixation. Contrary to animal studies, when working with

human material these issues are not easily controllable and

this should be acknowledged. The TMA block was con-

structed from the material obtained from various centres

and thus there were many pre-sectioning variables. It is

noteworthy, however, that even after 5 years’ fixation, Ab-

IR deposits were detected with all antibodies used. Whe-

ther pre-sectioning conditions modify the recognition of

various amino acid residues needs to be further

investigated.

In conclusion, the IHC technique when visualizing Ab
may be capricious; however, all the pitfalls are manageable

and avoidable when appreciated. The selection of an anti-

body should be based on the labelling pattern of the

antibody, i.e. predominantly plaques, CAA or cytoplasm

and the pretreatment technique should be optimized. It is

noteworthy that compared to the Ab in the neuropil or

CAA, the intracellular Ab labelling is significantly influ-

enced by both the antibody and the pretreatment used. On

the basis of our results, a good agreement can be achieved

regarding the assessment of the presence of Ab-IR. It

should be kept in mind that assignment of variables, which

require a qualitative decision by the observer such as dif-

fuse versus cored/dense plaques, type of vessel and/or

Vonsattel grade are not consistent. Furthermore, the

quantitative assessment of lesions is far from reliable.

Counts of lesions can be expected to be agreeably assessed

within a limited area (3.14 mm2), independent of antibody

used. It is intuitive, however, that when a large specimen is

observed, this agreement might be lost due to the inter-

rated divergence of the area considered. The agreement

when assessing density, a commonly used approach, even

in a limited area and in stained sections of good quality was

unreliable. Thus, to reach reproducible results, a dichoto-

mized assessment of Ab-IR should be applied. Whereas

when diagnostic neuropathologist tends to assess extent of

pathology, regional involvement rather than quantification

of Ab is recommended.
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