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Summary at-a-glance:
The presence of 

microcalcifications in patients 
with ATTR amyloidosis may 
partly explain the uptake of

99mTc-DPD during bone 
scintigraphy, which seems not to 

be directly associated with 
binding to amyloid fibrils

99mTc-DPD, 99mtechnetium-3,3-diphosphono-1,2-propanodicarboxylicacid; AL amyloid(osis), light-chain amyloid(osis);                       
ATTR amyloid(osis), transthyretin amyloid(osis). 

Introduction
• 99mtechnetium (99mTc)-labelled bone scintigraphy is increasingly used as a non-

invasive method of diagnosing transthyretin amyloidosis (ATTR amyloidosis)
• Once light-chain amyloidosis (AL amyloidosis) has been excluded, 

scintigraphy has a high degree of specificity in patients with tracer binding of a 
Grade 2–3 Perugini score 

• The mechanism behind tracer binding is not understood; the presence of 
calcifications and affinity to amyloid fibrils are potential explanations 

• This study investigated the distribution of microcalcifications in various 
sections of endomyocardial biopsies containing ATTR or AL amyloid and the 
relationship to amyloid deposits

• Autoradiography was performed using 99mTc-labelled 3,3-diphosphono-1,2-
propanodicarboxylic acid (DPD) to determine its binding location

Conclusions and implications 
• In wild-type ATTR (ATTRwt) amyloid hearts with substantial amyloid burden, large 

amounts of focally occurring microcalcifications were identified. These bound to the 
radiotracer but the association was not entirely specific

• Both AL and ATTR amyloid hearts were found to have swarms of dust-like particles; 
however, fewer microcalcifications were observed in AL amyloidosis hearts

• Positive 99mTc-DPD scans do not appear to directly depend on the tracer binding to 
amyloid fibrils; thus, further studies are required to verify the use of scintigraphy in 
quantifying deposited amyloid or monitoring therapeutic response
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Methodology I

AL amyloido(sis), light-chain amyloid(osis); ATTR amyloidosis, transthyretin amyloidosis; 
ATTR-CM, transthyretin amyloid cardiomyopathy; AV, atrio-ventricular; wt, wild-type. 

• Heart material from three patients with ATTR amyloidosis and three patients with AL amyloidosis were studied
• Formalin-fixed and paraffin-embedded tissue blocks from a previous study were used to investigate the ATTR amyloid 

hearts, which contained representative tissue covering large parts of the right atrium, the atrio-ventricular (AV) region, and 
the left ventricle (including the septum), corresponding to the conduction system and surround cardiac tissue   

• One AL amyloid heart was similarly dissected and available as formalin-fixed and paraffin-embedded tissue blocks 
• Frozen heart material from two additional patients with AL amyloidosis were also used; these had not been dissected in 

the same way as the other hearts. Instead, tissue pieces from upper parts of the left ventricle were formalin fixed and 
processed for histology

• Two hearts had lambda 
light-chains, one had kappa 
light-chains

• All hearts contained large 
amounts of amyloid

All three had:
• Severe ATTR-CM, discovered at autopsy
• Substantially enlarged hearts
• Large amyloid deposits in the 

ventricular myocardium
• Patient histories consistent with 

wild-type transthyretin amyloid 
cardiomyopathy (ATTRwt-CM), though 
genetic analyses were not performed 

ATTR 
amyloidosis 

N=3

AL 
amyloidosis 

N=3
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Methodology II

99mTc-DPD, 99mtechnetium-3,3-diphosphono-1,2-propanodicarboxylicacid; ATTR amyloid, transthyretin amyloid; 
AV, atrio-ventricular; IHC, immunohistochemistry; LC3, protein 1 light chain 3; TEM, transmission electron 
microscopy. 

Histology and immunohistochemistry (IHC) 
• Amyloid subtype was confirmed as ATTR amyloid by IHC 

with the monoclonal anti-transthyretin antibody 7X
• Western blot with in-house developed rabbit antiserum 1898 

determined type of amyloid fibril (A or B)
• Polarization microscopy after staining with a modified Congo 

red method identified amyloid presence
• Calcifications were confirmed with the von Kóssa

method, with some additional sections stained with 
alizarin red S to confirm von Kóssa results 

Initial characterization                             
of microcalcifications

• Sections from two ATTR amyloid 
hearts were immunolabelled with 
antibodies against the autophagy-
associated markers p62, microtubule-
associated protein 1 light chain 3 
(LC3), and ubiquitin

• Perl’s Prussian blue method 
was used to visualize iron

Distribution of calcium 
deposits in heart muscle

• The prevalence of dust-like 
calcified swarms was 
semi-quantitively estimated 
in the four hearts that had 
been similarly dissected 
using von Kóssa stained 
sections from the 
AV region 

99mTc-DPD autoradiography 
• Three sections from each of the ATTR amyloid heart 

materials with focal areas of dust-like calcium deposits 
underwent autoradiography with 99mTc-DPD 

• Each adjacent section was stained according to 
von Kóssa for comparison

Electron microscopy 
• Transmission electron 

microscopy (TEM) was used 
to identify dust-like particles 
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Histopathologic findings 

AL amyloid, light-chain amyloid; ATTR amyloid, transthyretin amyloid.

• Histopathologic findings showed 
substantial ATTR amyloid 
infiltration in the three ATTR 
amyloid hearts; all had a distribution 
typical of type A fibrils (A)

• Through von Kóssa staining, focal, 
tight diffuse microcalcifications 
were observed in several locations 
in all three hearts and appeared as 
clouds of dust-like materials (B) 
with most individual particles 
measuring less than 1 μm in size (C)

• Localization of microcalcification to 
amyloid was clear in some areas; other 
regions, such as those that mainly consisted of 
connective tissue, appeared to contain particle 
clouds (D)

• Some amyloids contained particles while other 
amyloid areas did not possess any 
microcalcification (D)

• The presence of calcifications was 
very unevenly distributed across the 
different sections on the heart, despite large 
amounts of amyloid in all parts 

• Most cardiac regions had a 
tight swarm of particles and a faint 
and diffuse von Kóssa-positive 
granulation, but only focally in the 
atrial walls and none in the amyloid 
of epicardial fat tissue

• The two AL lambda amyloid 
hearts had similar findings of 
swarms of von Kóssa-positive 
particles though with a lower 
prevalence than in the ATTR 
amyloid hearts (E);
no microcalcifications were found 
in the AL kappa amyloid heart
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Microcalcifications have an unusual appearance 

• Sections of the heart materials in two of the ATTR amyloid hearts 
that had dust-like microcalcifications underwent TEM

• Scattered and mostly round bodies, typically less than 
1 μm in diameter, were observed in some areas, often surrounded 
by a lipid membrane-like structure (A, E)

• Some bodies contained irregular fibrillary material while others 
very commonly had unevenly distributed clear areas inside 
the bodies 

• Rings of bright areas in the periphery were viewed on some 
occasions with a more electron-dense ring towards the center and 
a clear structure in the center (F)

• Homogenous, smaller rounded bodies also frequently appeared, 
measuring around 100 nm

• Electron microscopically, the particles were not amorphous but had 
a complex structured appearance and were often surrounded by a 
membrane, indicating a cellular origin. Labelling with antibodies 
against ubiquitin and P62 pointed to a result from autophagy

ATTR amyloid, transthyretin amyloid; TEM, transmission electron microscopy. 
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Tracer binding and dust-like particle origins 

99mTc-DPD, 99mtechnetium-3,3-diphosphono-1,2-propanodicarboxylicacid; ATTR amyloid, transthyretin amyloidosis.

• Tracer binding was evident but fairly weak 
from autoradiography with 99mTc-DPD labelling 
at regions containing the fewest particles

• A tight swarm of dust-like microcalcifications 
was observed in a region of one of the ATTR 
amyloid heart material specimens (B); however, 
the region shown bottom left did not contain 
calcification and a labelling difference can be 
viewed between the two regions

• A cellular origin of the dust-like particles linked to macroautophagy was 
apparent as many microparticles were surrounded by a membrane  

• Labelling with ubiquitin was very focal and only observed on some 
intracellular structures (C); however, the swarms of microparticles had no 
clear labelling 

• Immunolabelling with antibodies to P62 produced a varying degree of 
labelling of microparticles, with some ring-like structures observed (D)

• Using the Prussian blue method, in some areas, many of the microparticles, 
but not all, were seen to display a distinct staining for iron (E)
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Conclusions and implications

Implications 
• Tracer binding may be dependant on numerous microcalcifications that 

are associated with amyloidosis, but not specifically with            
amyloid fibrils

• Swarms of dust-like particles were found in both AL and ATTR 
amyloid hearts; however, AL amyloid hearts contained fewer 
microcalcifications. This may explain why 99mTc-DPD uptake has been 
reported in many AL amyloidosis cases

• Further study of the composition and development of microcalcifications 
may uncover unknown aspects of the disease mechanism

• Further studies are required to determine optimal use of scintigraphy to 
assess the amount of deposited amyloid or to monitor the effect of 
therapy, as it appears likely that positive 99mTc-DPD scans do not 
depend directly on binding to amyloid fibrils  

Read more: 
pages 6–7 of published paper 
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Discussion points 
• This study found ATTRwt amyloidosis heart tissue with a substantial 

amyloid burden to have large amounts of focally occurring 
microcalcifications that bind to 99mTc-DPD

• Swarms of microcalcifications were more pronounced when close 
to the fibrous body, which may explain the gradient observed in 
scintigraphy of early bone tracer uptake from central to apical regions

• The intense affinity of tracer to ATTR amyloid type A heart material 
may be due to the large surface area created by the presence of 
many small calcified particles 

• A cellular source is most likely for the microparticles in ATTR amyloid 
hearts due to the presence of an outer membrane-like boundary; 
labelling with ubiquitin and P62 have suggested an      
autophagocytic source 

99mTc-DPD, 99mtechnetium-3,3-diphosphono-1,2-propanodicarboxylicacid; AL amyloid(osis), light-chain amyloid(osis); 
ATTR amyloid(osis), transthyretin amyloid(osis); wt, wild-type.
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Glossary

• Macroautophagy: a catabolic, lysosomal degradation pathway in which the contents of the cytoplasm           
is recycled 

• von Kóssa method: a method to detect mineral deposits (such as calcium or potassium) in tissues using 
the von Kóssa histologic stain
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