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Biomarkers for cerebral amyloid angiopathy-related inflammation
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Brain magnetic resonance imaging (MRI) of patients with Alzheimer"s disease
(AD) sometimes reveals multiple cerebral microbleeds (CMBs) and confluent white matter
hyperintensities (WMHs) similar to those observed in cerebral amyloid angiopathy-related
inflammation (CAA-1). We investigated the cerebrospinal fluid (CSF) profiles of 38 AD, five amnestic
mild cognitive impairment (MCI;, and six CAA-1 patients. The AD and MCI patients were divided into
groups of patients with (n = 10) or without (n = 33) multiple CMBs (n 2) on T2*-gradient echo
sequences of brain MRI. The levels of CSF anti-amyloid B autoantibody, interleukin 8, CSF/serum
albumin ratios and immunoglobulin G indexes, were significantly higher in CAA-I patients than the
other groups. However, there were no significant differences in the CSF ﬂrofiles of patients with or
without multiple CMBs. Our study provides evidence for different pathophysiological mechanisms
underlying these differential MRI findings in AD and CAA-I.

B AB



@
(cerebral amyloid angiopathy; CAA)

CAA
60
(Alzheimer’ s

disease; AD) 80 90%

(CAA-related
inflammation; CAA-ri)

(2) CAA-ri

CAA-ri
(3) CAA-ri AB
(1) CAA-ri AB
(2) CAA-ri AB
(1) 2013 2 2015 1

43
Mini-Mental State Examination

(MMSE) Frontal Assessment Battery

(FAB) 43 38
AD 5 (mild

cognitive impairment  MCI) AD

National Institute of
Neurological and Communicative Disorders
and Stroke-Alzheimer’ s Disease and
Related Disorders Association
(NINCDS-ADRDA)
Diagnostic and Statistical Manual of
Mental Disorders Forth Edition Text
Revision (DSM-  TR)

MMSE 26
MCI

(2) CAA-ri 6

CAA-Ti
Chung
(Chung et al, 2011) 4
probable 2 definite
2 CAA-ri

AB -related angitis (ABRA)

) 49
AD MCI
CAA-ri
6 2
1
24
-80
AB
40 ApB 42 AB

interleuking (IL-8) Interferon-gamma

inducible Protein 10 (IP-10) CSF/Serum

albumin ratio (quotient albumin; Q-alb)
1gG index AB

40 AP 42 IL-8 1P-10

ELISA kit

( AB 40 AB 42

Japan

Japan IL-8

Wako, Osaka,
Nipro, Osaka,
eBioscience, San Diego, CA,
USA  IP-10 Diaclone, Besancon Cedex,
France MCP-1 Boster Biological
Technology, Pleasanton, CA, USA) AB

O] AB ELISA
96 well plate (Maxisorp Loose
Nunc Immuno Module, Nunc, Kamstrup,
Denmark) lu g
AB 40 (hydrochloride)
- 100u 1 4

0.05 Tween20
(PBST) 2

PBST PBS 2
100p 1
1.5 3
PBS 3000
horseradish peroxidase (HRP)-conjugated
goat anti-human IgG antibodies (Vector,
Burlingame, CA, USA) 1
PBS 3
(TMB  Subsrate Reagent Set, BD
Biosciences, Franklin Lakes, NJ, USA)
30
(1M H,S0,)
ELISA Processor (Dade
Behring, Marburg, Germany) 450nm



10
100U
(GB) 43 AD MCI
T2*-gradient echo(GRE)
FLAIR 3 MRI
2
T2*-GRE (cerebral
microbleed; CMB) FLAIR
T1
T2
43 T2*-GRE
2
CMBs (+) CMBs (-)
FLAIR
Fazekas rating scale
(periventricular white matter
hyerintensity PVH)
(deep and subcortical white matter
hyperintensity: DSWWH)
0-3 4 PVH
grade 0
“ caps” “ pencil-thin lining” gradel
smooth “ halo” grade 2 Irregular PVH

extending into the deep matter

grade 3

DSWMH

grade 0 punctate foci
grade 1 Beginning confluence of foci
grade 2 Large confluent areas grade 3

® 2
Test 3

Mann-Whitney U
Steel-Dwass Test

Spearman’ s rank correlation
p 0.05

43 patients who complained with memory loss

AD patients (n = 38)
MCI patients (7 =5)

1

multiple CMBs (+) multiple CMBs (-)

AD patients (7 = 10) AD patients (7 = 28)

MCI patients (7 =5)

!

WMHs (Fazekas rating scale score)
DSWMH lacunar
Grade 0 (n=3) infarction
O (r=26)
®@=7

WMHs (Fazekas rating scale score)
PVH DSWMH facunar VH

Grade 0 (7=0) Grade 0 (= 0) infarction Grade 0 (1= 10)
Grade 1(n=1) Grade 1 (=0) Qw=3 Grade 1(r=11)
Grade 2 (1=5) Grade 2(1=4) @He=7 Grade 2 (1=9)
Grade 3 (1=4) Grade 3 (n=6) Grade 3 (7=3)

1 AD MCI MRI
(microbleed 2 CMBs (+)
CMBs (-)
FLAIR PVH DSWMH
Fazekas rating scale )

2 MRI1 (
FLAIR T2*-GRE
CAA-ri CMBs (+) CMBs (-)
)
@
PVH DSWMH
CMB (+) CMB (-)
(PVYH p 0.001, DWMH p
0.01) CMBs
(p 0.005)
CMBs (+) | CMBs (-) CAA-ri
10 (AD[33 (AD=]|6
10 ) 28, MCI1 =5)
76.3 £ | 74.5 + | 71.2 %
6.52 7.50 10.3
4 6 11:22 2:4
(
)
MMSE 21.7 = | 22.8 + [ NA
3.46 4.11
FAB 10.2 £ | 10.0 + [ NA
0.88 2.93
PVH 2.30 = | 1.15 + [ NA
0.67 0.97
DSWMH 2.60 = |1.79 + | NA
0.52 0.93
70 21 NA
1
) CMBs (+)
1.10 + 0.88 cells/p 1 CMBs (-) 1.10 +
1.26 cells/py I, CAA-ri 43.3 = 97.9
cells/uL 3
CMBs (+)
49+3 £+ 14.4 mg/dl CMBs (-) 44.7 = 12.5
mg/dl, CAA-ri 81.7 £+ 49.8 mg/dl 3
AB 40

CMBs(-) 3050 +
753 pmol/L

CMBs (+) 2840 +

1320 pmol/L
921 pmol/L CAA-ri 1730 =
CMBs (-)

CAA-ri




¢ 0.05) A
B 42 CMBs (+) 322 = 157 pg/ml
CMBs (-) 292 + 164 pg/ml CAA-ri 193 +
98.4 pg/ml 3
CMBs (+)
56.7 + 20.6 pg/ml CMBs (-) 76.3 £ 32.4
pg/ml  CAA-ri 35.5 + 10.3 pg/ml CMBs

Cell count Total protein
(cells/mn?) 300 (mgdL) 160
250 140
120
200 100
150 80
" S B mm
40 T -
50 2 | L
0 = N o
CAAL Patients Patients CAAL Patients Patients
(a) with  without (b) wit without
mCMBs ~ mCMBs mCMBs ~ mCMBs
AB40 AB42 P-Tau
(pmolL) p<s (pg/mL) (pg/mL) p<.005

6000 —_— 900 160
800 . 140
700 120
600 100

-] II B . -
.l »  m s e

1000

5000

4000

CAAd  Patients  Patients CAA{  Patients Patients

ith  without
(©) mCMBs  mCMBs (d) mCMBs  mCMBs (e) mCMBs  mCMBs

2 3

AB 40 AR 42

(©)) AB CMBs
(+)3.76 £ 2.76 unit/ml, CMBs (-) 2.99 +
2.48 unit/ml, CAA-ri 62.1 =+ 92.1 unit/ml

CAA-ri CMBs (+) CMBs (-)
(CAA-ri vs CMBs
) p 0.005, CAA-ri vs CMBs (-) p

0.0005) IL-8 CMBs (+)
56.2 + 10.1 pg/ml, CMBs (-) 65+3 £ 16.0
pg/ml, CAA-ri 357 + 305 pg/ml CAA-ri

CMBs (+) CMBs (-)
(CAA-ri vs CMBs (+) p
0.005, CAA-rivsCMBs (=) p 0.0005)
MCP-1 CMBs (+) 402 + 131
pg/ml, CMBs (-) 316 =+ 103 pg/ml, CAA-ri
493 + 248 pg/ml 3
IP-10 CMBs
(+) 555 = 250 pg/ml, CMBs (-) 413 + 166
pg/ml, CAA-ri 423 = 236 pg/ml 3
Q-alb
CMBs (+) 6.00 = 1.71, CMBs (-) 5.52
+ 1.96, CAA-ri 26.6 + 29.1 CAA-ri
CMBs (+) CMBs (-)
(CAA-ri vs CMBs (+) p
0.05, CAA-ri vs CMBs (-) p 0.005)
1gG index CMBs (+) 0.53 £
0.04, CMBs (-) 2.99 = 2.48 unit/ml,
CAA-ri 62.1 = 92.1 unit/ml CAA-ri

CMBs (+) CMBs (-)

(CAA-ri vs CMBs (#+) p
0.005, CAA-rivsCMBs (=) p 0.0005)

Auti-AR s p<.005
<.0005
1000 800
100 ‘ 600
10 - T 400
[
1 - - 200
1 —_—
0.1 0
CAA-L Patients  Patients CAAL Patients  Patients
with without with without
(a) mCMBs  mCMBs (b) mCMBs  mCMBs
(‘:;:I;_‘) Qan <005 ‘iSdC;( p<.000:
<05 <008
1000 1 09
* T 06 |
“ B s | " = -
0 . oo | T 03
200 ) I i?ii P — ii?i
0 0.001 o
CAA-L lei.ﬂl(s Pﬁli:ms CAA-L Pn(i_enls l’a}ieﬂls CAA-L Pal?vems Pavliellls
(@ wiBs mirms () nMBs mOBs () worBs mens
3 3 AB IL-8
1P-10 MCP-1 Q-alb 19G
index
@ 1 CAA-ri
CMBs (+)
AR CAA-Ti
1gG index
IL-8
Q-alb
CAA-ri
CAA-ri  CMBs (+)
CAA-ri
A
6

(1) Kimura A, Takemura M, Saito K,
Serrero G, Yoshikura N, Hayashi Y, Inuzuka
T. Increased cerebrospinal  fluid
progranulin correlation with
interleukin-6 in the acute phase of
neuromyelitis optica spectrum disorder. J
Neuroimmnol 15 2017 175-181
DOl 10.1016/j-jneurolim.2017.01.006

(2) Kimura A, Takemura M, Kunisaki S,
Yoshikura N, Hayashi Y, Inuzuka T.
Association between naturally occurring
anti-amyloid 3 autoantibodies and

medialtemporal lobe atrophy in
Alzheimer’ s disease. J Neurol Neurosurg
Psychiatry 88 2017 126-131

DOl  10.1136/jnnp-2016-313476

(3) Kimura A, Takemura M, Kunisaki S,
Yoshikura N, Hayashi Y, Harada N, Nishida



H, Inuzuka T. Comparizon of cerebrospinal
fluid profiles in Alzheimer s disease
with multiple cerebral microbleeds and
cerebral-amyloid angipathy related
inflammation. J Neurol 264
2017 373-381

DOl 10.1007/s00415-016-8362-2

(4) Kimura A, Sakurai T, Yoshikura N,
Koumura A, Hayashi Y, Ohtaki H, Chousa M,
Seishima M, Inuzuka T. ldentification of
target antigents of antiendothelial cell
antibodies against human brain
microvascular endothelial cells in health
subjects. Curr Neurovasc Res
12 2015 25-30
https://www.ncbi.nlm_nih.gov/pubmed/255
64020

(5) Kimura A, Yoshikura N, Koumura A,
Hayashi Y, Inuzuka T. B-cell-activating
factor belonging to the tumor necrosis
factor family (BAFF) and a proliferation
including [ligand (APRIL) levels in
cerebrospinal fluid of patients with
meningoencephalitis. J Neurol Sci
353 2015 79-83

https://www.ncbi.nlm_nih.gov/pubmed/?te
rm=kimura+a%2C+BAFF

(6) Kimura A, Yoshikura N, Koumura A,
Hayashi Y, Kobayashi I, Inuzuka T.
Identification of taget antigents of
naturally occurring autoantibodies in
cerebrospinal fluid. J Proteomics
14 2015 450-457

https://www.ncbi.nlm_nih.gov/pubmed/?te
rm=kimura+a%2C+ldentification+of+taget+
antigents+of+natural ly+occurring+autoan
tibodiest+in+cerebrospinal+fluid

5
o
NMDA
2016 9 29 2016
9 30
@
2016 5 18 2016

5 21
®

2015 9

15 2015
)
9 6
®)
microbleed
2014
@

9 16

20014 9 4

5 21 2014 5

Yoshikura Nobuaki

80585654

2014

24



