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The need for probes for amyloid
diseases and amyloid polymorphisms

Diagnosis ‐ Pathology lab

Fluorescence microscopy – avenue for improvement



Diagnosis of amyloid diseases

Per Hammarström



Alzheimer´s disease ‐ living patients
• Mini Mental State Examination (MMSE)
• Rule out all other diseases
(Brain tumor, blood pressure, vitamin deficiency, infections)

Molecular diagnostics:
• CSF biomarkers ([Aβ1‐42] low, [tau] high))

• PET imaging

• Definitive diagnosis of Alzheimer´s disease in Pathology lab. Aβ senile plaques 
and Tau tangles (neurofibrillary tangles) (But then the patients is dead)



Suzuki et al. in Green Process of Three-Component Prostaglandin Synthesis and Rapid 11C Labelings for Short-Lived PET Tracers 2018

Principle of PET molecular imaging
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Amyloid Plaque – Aβ imaging probe

NFT – Tau imaging probes

Amyloid Plaque – Aβ imaging probe
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Diagnosis
Amyloidosis is often overlooked because the signs and symptoms can mimic those of more‐common diseases.
Early diagnosis can help prevent further organ damage. Precise diagnosis is important because treatment varies greatly, depending on your
specific condition.

Laboratory tests
Your blood and urine may be analyzed for abnormal protein that can indicate amyloidosis. Depending on your signs and symptoms, you may
also have thyroid and liver function tests.

Biopsy
A tissue sample may be taken and checked for signs of amyloidosis. The biopsy may be taken from the fat under the skin on your abdomen (fat 
aspirate), bone marrow, or an affected organ — such as your liver or kidney. Specialized testing of the tissue can help determine the type of 
amyloid deposit.

Imaging tests
Images of the organs affected by amyloidosis can help establish the extent of your disease. Tests may include:
•Echocardiogram. This technology uses sound waves to create moving images that can show how well your heart is working. It can also show 
heart damage that can be specific to particular types of amyloidosis.
•Magnetic resonance imaging (MRI).MRI uses radio waves and a strong magnetic field to create detailed images of organs and tissues in your
body. These can be used to assess the structure and function of your heart.
•Nuclear imaging. In this test, tiny amounts of radioactive material (tracers) are injected into a vein. This can reveal early heart damage caused
by certain types of amyloidosis. It can also help distinguish between different types of amyloidosis, which can guide treatment decisions.

https://www.mayoclinic.org/diseases‐conditions/amyloidosis/diagnosis‐treatment/drc‐20353183

Systemic Amyloidosis (Patient care Mayo Clinic)



Systemic Amyloid diagnosis

• Diffuse symptoms of disease
• Specialist
• Biopsy, blood test, genetic mapping, imaging
• Congo red positive biopsy
• Immunohistochemistry or mass spectrometry: TYPING i.e. identify
amyloid protein

• Treatment (surgery, chemotherapy, small molecule, biological)



Congo red

Sekijima JPerNerv. 2015

Bennhold 1922

2020

i.v. 10 mL of 1% Congo red in saline. Bennhold 1923
Still used in 1950:ies. 

1953



Heart (TTR. AL, AA)

CNS (PrP, Aβ, TTR, Tau)

Liver (Lys, AL, AA), 
Pancreas (IAPP)

Kidney
(Lys, TTR, AA)

Amyloid Deposits in Many Organs

PNS (TTR, AL)

amyloid plaque

vascular 
amyloid Aβ‐CNS

ATTR‐heart

ATTR‐CNS



Mass spectrometry ‐ Shotgun Proteomics

Biopsy + Congo red

Laser dissection Mass spectrometryTrypsination Data base matching





Amyloid specific probes

Reporters of Amyloid Structural Polymorphism LeVine H, Nilsson K.P.R., 
Hammarström P. Bionanoimaging, Ed. Uversky, 2014

qFTAA

hFTAA

pFTAA

LCOs



Amyloid Protein Recombinant fibrils in vivo fibrils Strains (LCO)
Aβ Amyloid‐β x Hu, Mo, DM X

APrP Prion protein x (>10 species) Hu, Mo, Cow, 
Moose, Elk

X

ATau MAPT (Tau) x Hu, Mo X

Asyn α‐synuclein x Hu na

TDP43 TAR DNA Binding Protein na Hu, Mo na

ALys lysozyme x Hu, DM na

AA Serum amyloid A x Hu, Mo, Fox X

AL IgG‐Light chain na Hu X

ATTR Transthyretin (x) Hu, DM X

ASem1 Semenogelin 1 na Hu na

Ains insulin x Hu X

AIAPP Islet amyloid polypeptide na Hu, Mo na

SEVI prostatic acid phosphatase x Hu na

AANF atrial natriuretic factor na Hu na

HD6 Defensin 6 na Hu na

Het‐s Het‐s yeast prion x yeast

vascin VEGFR2 (signal peptide) x synthetic na

poly‐E Poly‐glutamic acid x na na

Non‐mammalian
or synthetic

Functional amyloid

Amyloids
positive by LCOs

pFTAA
hFTAA

qFTAA
PTAA
tPTAA
hHTAA



Sjölander et al. Amyloid 2015

hFTAA side by side with Congo red in clinical samples



Abdominal subcutanous fat

Sjölander et al. Amyloid 2015



Grading of amyloidosis is possible in fat tissue

Sjölander et al. Amyloid 2015



ATTR amyloid typing
by fluorescent probes and hyperspectral microscopy

Type A Type B
Clinical phenotype Late onset and 

cardiac involvement
Early onset FAP

Ultrastructure Short and clumped Long parallell
Congo red weak strong
TTR protein 
composition

50‐127 + full length Full length

Most prevalent type Wt, all mutants V30M, Y114C (a 
subset of patients)

Bergström J. Path 2005; Ihse J. Path 2008; Ihse Amyloid 2012



Fat biopsies ATTR (type A and B)
from Per W and Elisabet I (UU)

Mean of column A 0,5080
Mean of column B 0,6120
Difference between means (B - A) ± SEM 0,1040 ± 0,009382
95% confidence interval 0,08553 to 0,1225
R squared (eta squared) 0,3726

Difference betw
een m

eansATTR 1 2 3 4 5 6

Mean
645/545 0,4855 0,6343 0,5521 0,505 0,5335 0,645

SDEV 0,019 0,112 0,074 0,046 0,046 0,113
Type

(morphol) A B B(A) A A B

Spectra green red red(green) green green red

P <0.001



Summary
• Amyloid specific probes are a crucial tool for diagnosis
• PET imaging tracers in neurological disease (Aβ and Tau fibrils) –
chemistry of recognition of amyloid fibrils is the same as for other
probes but in research we prefer to use fluorescence

• Congo red is the gold standard for systemic amyloidosis
• There is room for improvement and complementary technologies for 
pathologists

• Fluorescence probes can increase sensitivity and allow distinction of 
amyloid polymorphs – also in clinical samples




