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ABSTRACT
Diagnosis of systemic amyloidosis is a clinical challenge and usually relies on a tissue biopsy. We have 
developed diagnostic methods based on the presence of amyloid deposits in abdominal subcutaneous 
fat tissue. This tissue is also used to determine the biochemical type of amyloidosis, performed by western 
blot and immunohistochemical analyses with the aid of in-house developed rabbit antisera and mouse 
monoclonal antibodies. Mass spectrometric methods are under development for selected cases. The diag-
nostic outcome for 2018-2020 was studied. During this period, we obtained 1,562 biopsies, of which 1,397 
were unfixed subcutaneous fat tissue with varying degrees of suspicion of systemic amyloidosis. Of these, 
440 contained amyloid deposits. The biochemical nature of the amyloid was determined by western blot 
analysis in 319 specimens and by immunohistochemistry in further 51 cases.
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Introduction

Systemic amyloidoses are generally life-threatening diseases, 
earlier believed to be very rare but are now increasingly often 
diagnosed. Several therapeutic drugs have been developed 
during the last years, and the interest in the disorders is steadily 
growing.

Amyloid is characterized by misfolding of proteins that 
aggregate into cross β-sheet fibrils (1). In humans, such fibrillar 
deposits are mainly extracellular, exerting detrimental effects on 
cells, which may undergo apoptosis or necrosis. Close to 40 
different human proteins have been identified as amyloid 
forming in vivo, and more are expected to be discovered (2). The 
proteins are usually small (below 200-300 amino acid residues 
long) and vary substantially in their native folding. Despite this, 
irrespective of biochemical origin, the fibrils are very similar in 
molecular arrangement, appearance, and properties.

Amyloid can be localized or systemic. The amyloidogenic 
protein in the systemic forms, where deposits appear in many 
different organs, is synthesized by one or a few cell types and 
transported in a native or near-native form via the bloodstream 
to a target place, where the typical fibrils form. There is an 
increasing understanding of how a single protein develops into 
a fibril. A missense mutation is a common cause of misfolding, 
characteristic of the many hereditary types of amyloidosis. 
However, a mutation is not a prerequisite, and wild-type proteins 

can also be amyloidogenic. The spreading of amyloid likely 
depends on seeding, by which a misfolded protein or protein 
aggregate recruits molecules of the same kind, catalyzes their 
misfolding, and propagates the formation of fibrils (3).

Presently, 17 different proteins are known to give rise to 
systemic amyloidoses (2). Three biochemically different systemic 
amyloidoses are predominating. AL amyloidosis, where the fibril 
protein is derived from a monoclonal immunoglobulin light 
chain, depends on a plasma cell clone, often small and usually in 
the bone marrow. The fibril protein in AA amyloidosis is a large 
N-terminal fragment of the acute phase protein serum amyloid 
A (SAA), expressed by the liver at acute or chronic inflammations. 
The third of the most prevalent systemic amyloidoses is of a 
transthyretin (TTR) nature. Plasma TTR, mainly synthesized by 
the liver, forms the fibrils in most hereditary forms of amyloidosis, 
but wild-type TTR is also amyloidogenic and is the fibril protein 
in the age-associated wild-type (ATTRwt) amyloidosis, earlier 
called senile systemic amyloidosis (4).

Symptoms from systemic amyloidoses vary considerably in 
all biochemical forms. In many types of the disease, 
polyneuropathy, cardiomyopathy, cardiac arrhythmia, or renal 
problems are common, but virtually all organs may be affected 
in various combinations. This variability, in combination with the 
relative rarity of systemic amyloidosis, makes the diagnosis 
difficult (5), and many patients meet several doctors before a 
diagnosis can be established (6). Coming to a definite diagnosis 
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can take considerable time, which is unfortunate since late 
diagnosis is associated with less successful treatment results. 
The problem is particularly severe in AL amyloidosis.

For more than 20 years, we have built up a diagnostic facility 
center at Uppsala University Hospital. The present paper 
describes the procedures and their background used at our 
laboratory in Uppsala. We report on some trends seen by our 
biopsy material over the years and analyze the results more in 
detail for the latest 3-year period for which all data are available. 
The study was conducted in agreement with the Declaration of 
Helsinki and does not need an ethical approval according to the 
Swedish Ethics Review Authority (Dnr. 2021-06773-01).

Tissue-based diagnosis of amyloidosis in Uppsala

Development of subcutaneous abdominal fat biopsy for 
diagnosis of amyloidosis

When comprehensive studies on systemic amyloidosis started, 
the AA variant dominated in Sweden and other European 
countries, and this disease most often followed rheumatic 
diseases. The interest in amyloidosis was low, and AA amyloidosis 
was often missed clinically, even at autopsy (7). A finding that 
AA amyloid deposits usually occur around fat cells in the 
subcutaneous tissue (8), initially described in 1909 (9) but later 
denied (10), prompted us to study whether fine-needle 
aspiration biopsy could be a method to obtain a correct 
diagnosis of amyloidosis. Since the result was successful in the 
single studied patient (11), we extended the study to more 
patients and showed that the method is a risk-free, reliable, and 
straightforward alternative to rectal biopsy, usually used at that 
time (12, 13). Fine-needle biopsy of abdominal fat tissue later 
became the most common initial method to diagnose systemic 
amyloidosis worldwide (14-16).

While fine needle aspiration biopsy of subcutaneous fat 
tissue is an excellent method to diagnose AA and AL amyloidosis, 
it is less successful for the ATTR forms, particularly wild-type 
(wt). One reason is that the amount of ATTR amyloid in fat tissue 
is often sparse. However, an even more important explanation 
for the results with fine needle aspiration is that the ATTR 
deposits are associated with collagen that is not easily included 
in the aspirated material. For this reason, we have largely 
discontinued the use of fine needle aspiration biopsy from 
subcutaneous tissue for amyloidosis diagnosis. We now 
recommend a slightly more invasive method for this tissue. We 
first introduced a small surgical biopsy (about 1 cm3) (17). 
Further development has been the introduction of punch 
biopsies, including subcutaneous tissue (18). Demonstration of 
small amyloid deposits in sections of fat tissue is often difficult. 
We, therefore, introduced squeeze preparations of unfixed 
tissue, which has made the identification of deposits much more 
successful (19, 20). One further advantage of this method is that 
some types of amyloid, e.g. ATTRwt, stain better with Congo red 
when not going through formalin fixation and paraffin 
embedding steps. Minimal amyloid deposits can be identified in 
squeeze preparations (Figure 1).

Determination of amyloid type

The specific treatments for amyloidosis require the determination 
of the exact type of disease. Consequently, there is a big need 
for safe methods to diagnose amyloidosis and determine its 
type. These demands have resulted in the more or less 
independent development of different methods at several 
specialized laboratories in the world (21). Variants of 
immunohistochemistry (IHC) and, later, mass spectrometry (MS) 
are most commonly used.

Fine needle biopsy of abdominal fat tissue can be used for 
the determination of the biochemical type of amyloidosis. The 
first example of this was probably performed in Uppsala in 1979, 
when double immunodiffusion was utilized to identify protein 
AA in micro-extracts of subcutaneous adipose tissue (22). Some 
laboratories still use subcutaneous fat tissue obtained by fine 
needle aspiration for typing, but now with a modern, mass 
spectrometric technique (23, 24). 

Immunological methods used in Uppsala

Development of specific antibodies

It is a general experience that most commercial antibodies are 
unsuitable for clinical diagnostic work of amyloidosis (21, 25, 26). 
One reason for this failure is that such antibodies usually are 
raised against normally folded proteins. Therefore, it is necessary 
to develop antibodies that react not only with natively folded 
proteins but also with their amyloid fibril form. For polyclonal 
antibodies, this can be done by using partly degraded and 
thereby solubilized fibrils as immunogens (27, 28) or by raising 
antibodies against short peptides corresponding to a part of the 
protein incorporated in the amyloid (29). Recombinant protein 
may also be used. The antibodies we developed for amyloid 
typing have been raised against various antigens (Table 1). 
Initially, we developed rabbit antisera, of which we are still using 
some but we are trying to replace these gradually with mouse 
monoclonal antibodies (mabs), the first being anti-protein AA 
mab Sne5 from 1995 (unpublished) and the latest anti-AL kappa 

Figure 1. Abdominal fat tissue fragment in a squeeze preparation contain-
ing a very small ATTR particle (arrow), stained with Congo red. Bar = 50 μm.



TISSUE-BASED DIAGNOSIS OF SYSTEMIC AMYLOIDOSIS 3

mab pwkap (to be published). The most important reason to 
leave polyclonal antibodies is the indefinite availability and the 
uniform properties of mabs.

Western blot analysis

As described above, we obtain unfixed fat tissue specimens, and 
this has a historical explanation. Our earliest trials to establish 
the type of systemic amyloidosis were by double 
immunodiffusion or by amino acid sequence analysis (30). Later, 
after attempts with enzyme-linked immunosorbent assay 
(ELISA) (17), we adopted sodium dodecylsulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) with western blot analyses of 
extracts of subcutaneous fat tissue (19, 20), which we found to 
be a more sensitive method. This is still the method that we use 
for all adipose samples, except for those with very small amyloid 
deposits. For routine clinical analyses, we use the antisera 1898, 
A126, A147, and the mabs pwlam and pwkap (Table 1), always 
with known control materials that often give characteristic band 
patterns. The antisera 1898 and A126 react with all ATTR and AA 
materials, respectively, if there is enough amyloid material in the 
fat tissue (≥score 1-1.5 on a scale of 0-4). A147, directed against 
a linear epitope at the beginning of the constant region of AL 
kappa, labels at least most cases of this type. The mab pwlam 
reacts with a not fully identified epitope at the junction between 
the variable and constant region in AL lambda proteins. This 
antibody has been validated by IHC, showing 50% sensitivity 
and 100% specificity for AL lambda amyloid (31). The sensitivity 
by western blot analysis is higher in our experience, although no 
exact figure has been determined. In addition to these 
antibodies, we have generated other rabbit antisera, not 
reported here, which we use for unreactive materials.

Immunohistochemistry (IHC)

IHC has been and still is the most common method to determine 
the type of amyloidosis in most laboratories. IHC is used both on 
sections of formalin-fixed and paraffin-embedded materials and 
of frozen sections, the latter particularly in renal pathology. 

We also use IHC for adipose tissue samples, particularly for 
ATTRwt materials. The subcutaneous amount of amyloid is often 
very low in this amyloid type, and it is common to find only one 
or very few but usually distinctive deposits in the squeeze 

preparations. Western blot or mass spectrometry are not helpful 
for such biopsies. Removing the cover glass followed by IHC 
with our monoclonal ATTR antibody 7X often solves the 
problem. 

Like other clinical pathology departments working with 
amyloidosis, we receive paraffin blocks of tissue with identified 
amyloid deposits to determine the biochemical type. Usually, 
there is a substantial amount of amyloid in such specimens. 
We use traditional IHC but with our antibodies. AA and ATTR 
cases offer no problems. Approximately 75% of AL cases can 
be diagnosed, and with the recent development of an AL 
kappa mab pwkap, we expect the number of undiagnosed 
cases to decrease.

Mass spectrometry

Mass spectrometry for the determination of amyloid type was 
pioneered by researchers at the Mayo Clinic and is now an 
established method in many laboratories (32, 33). The technique 
is most commonly based on formalin-fixed and paraffin-
embedded materials, from which amyloid is dissected with laser 
dissection microscopy (LDM). After solubilization, the crude 
material is enzymatically fragmented into peptides, usually with 
trypsin which cleaves after the basic amino acid residues 
arginine and lysine. The obtained MS data are after that analyzed 
by proteomics.

MS can also be used for non-fixed amyloid samples. 
Particularly, fat tissue obtained by fine needle aspiration is used 
for amyloid type determination in some laboratories, as 
mentioned above. 

Most laboratories using IHC for type determination turn to 
MS as a next option when IHC results are uncertain. Since we 
receive surgically or punch adipose tissue biopsies, we have the 
opportunity to directly extract these for MS. We are presently 
developing a method with initial SDS-PAGE followed by the 
analysis of low molecular protein bands in order to obtain a 
concentration of pertinent proteins. 

Trends in Uppsala biopsy materials 2006-2021

Since our organized amyloid clinical work started, the number 
of obtained biopsies has increased steadily (Figure 2). Fresh fat 
tissue biopsies constitute the majority of them. For the three 

Table 1. Rabbit antisera and mouse monoclonal antibodies developed for clinical typing of human systemic amyloidoses
Antibody Fibril protein Immunogene Antibody type Antibody used in Reference

Sne5 AA Purified protein AA m-mab IHC Unpublished
A126 AA Peptide pc, rabbit wb (17)
A147 AL, κ Peptide pc, rabbit wb (17)
pwkap AL, κ DAM m-mab IHC, wb Unpublished
pwlam AL, λ DAM m-mab IHC, wb (55)
1898 ATTR Recombinant TTR50-127 pc, rabbit IHC, wb (56)
7X ATTR DAM m-mab IHC, wb (57)
A82/01 AApoAIV Peptide pc, rabbit IHC (56)
A159 AApoAI Peptide Pc, rabbit IHC (58)

DAM: alkali-degraded amyloid; Pc: polyclonal; m-mab: mouse monoclonal antibody; IHC: immunohistochemistry; wb: western blot.
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years 2018-2020, 1,397 samples (89.4%) were from subcutaneous 
fat tissue, obtained either surgically or with a punch. With a few 
exceptions, the biopsies were taken without a previous proven 
diagnosis of amyloidosis. The remaining 165 biopsies contained 
formalin-fixed and paraffin-embedded materials, diagnosed 
with amyloidosis elsewhere and sent to us to determine the 
type. These materials varied in nature and included 
endomyocardial, renal, liver, skin, and many other kinds of 
specimens.

Subcutaneous fat tissue biopsies

We have developed a unique principle way to diagnose 
systemic amyloidosis based on fat tissue biopsies, and the 
results for the three-year period (2018-2020) are shown in 
Table 2. About one-third of them (440) contained amyloid. The 
amount of amyloid varied, ranging from a situation with almost 
no normal tissue structures remaining to very tiny deposits. 
Western blot analysis revealed the fibril protein in 72.5% of the 
cases. Nineteen further biopsies were rich in amyloid but not 
possible to type with our antibodies. The remaining 102 
biopsies contained small amounts of amyloid, often only as one 
or a few but distinct deposits. For further characterization of 
these materials, we applied IHC and used the original squeeze-

prepared slides. Since the deposits often were minimal and 
could be difficult to find again (Figure 1), their coordinates in 
the microscope were noted before removing the cover glass. 
The slide was then taken back to water before IHC was 
performed in the usual way. In this way, it was possible to 
identify ATTR as the amyloid fibril protein in 51 cases (Figure 3). 
In 51 other cases which were highly suspected to be of ATTR 
nature, this method did not give a convincing result due to the 
minimal amount of amyloid, often only one dot-like deposit, a 
common finding in ATTR amyloidosis.

Type A and type B ATTR amyloidosis. The ATTR antiserum 
1898 was raised against recombinant TTR50-127. In contrast to a 
commercially available product, this antiserum reacts with both 

Figure 2. The number of biopsies obtained for amyloid diagnosis at the Uppsala laboratory for 2002-2020. There was a relatively even increase until 2015, 
with a more substantial increase during the last years. 

Table 2. Tissue biopsies for amyloid diagnosis 2018-2020
Total number of biopsies 1,562

Abdominal fat biopsies (unfixed) 1,397
Abdominal fat biopsies with amyloid 440 (31.5%)

Type determined (western) 319 (72.5%)
Type determined (IHC) 51 (11.6%)
Total number typed 370 (84.1%)
Type not determined 70 (15.9%)

Too little material 51*
Not classified amyloid type 19

*Almost all had microscopic appearance of ATTR amyloid and a disease 
history supporting ATTRwt.

Figure 3. A sharply delined amyloid particle in a subcutaneous fat tissue 
biopsy. The amount of amyloid (arrow) was too sparse to analyze by west-
ern blot. Therefore, the Congo red stained squeeze preparation was sub-
jected to IHC with our anti-ATTR antibody 7X, resulting in evident labeling of 
the deposit. Insert: the same particle at higher magnification, visualized in 
polarized light. Green-red-yellow birefringence due to the remaining Congo 
red staining is obvious. Immunolabeling was shown with 3,3’-diaminoben-
zidine. Bar = 50μm.
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full-length and fragmented ATTR species (34, 35). By western 
blot analysis, we are able method, we are able to distinguish 
between ATTRv type A and type B fibrils (Figure 4). Patients with 
these variants behave like having two different disorders (36). 
Most importantly, patients with type A disease incorporate 
more wt TTR in their amyloid fibrils, often leading to progressive 
amyloid cardiomyopathy (37, 38), which is associated with 
shorter survival than patients with type B fibrils (36). 

The appearance of the two patterns is particularly seen in 
patients with the TTRV30M mutations and is very rare in other 
variants. However, pattern A is by far the most common in other 
mutations than TTRV30M (39) and is the only one seen in ATTRwt 
amyloidosis (unpublished result).

We have tried to determine the ATTR fibril type in all fat pad 
biopsies with at least a moderate (1-1.5 + on a 0-4+ scale) 
amount of amyloid and were able to do so in 146 biopsies. While 
there were no patients with type A fibrils below the age of 50, 
the age spectrum among the type B patients was remarkably 
wide (mean age 53.7, range 28-88), with nine patients over 
70 years and one as old as 88 years.

Proportions of the three major systemic amyloidoses. AL 
amyloidosis was the most prevalent type in our material, as in 
reports of most other amyloid laboratories. Notably, the amount 
of amyloid in AL materials was always moderate (2+) to very rich 
(4+). The rarity of AA amyloidosis with only 4 biopsies from 
patients with this type is in accordance with the findings in 
other western countries (40). 

Additional biopsy materials

In addition to the biopsies from subcutaneous adipose tissue, 
we received 165 materials, most formalin-fixed and paraffin-
embedded, where amyloid had been found at other laboratories 
and sent to us for typing by IHC. These are not reported in detail 
here, but one notable aspect has come up repeatedly: a question 
regarding localized vs. systemic amyloidosis.

In almost all cases, fat tissue biopsies were taken due to 
suspicion of systemic amyloidosis. However, the question of a 
localized form arose in some situations. Most biopsies from 
localized amyloidoses were received as formalin-fixed and 
paraffin-embedded tissue blocks.

Insulin amyloid. Five cases of iatrogenic localized, insulin-
derived (AIns) amyloid were identified in our 3-year material. 
There was no suspicion of this amyloid type in any of the 
patients, and four materials were obtained paraffin-embedded 
after that amyloid unexpectedly had been discovered in other 
pathology departments, while the fifth subcutaneous material 
was received unfixed and contained large amounts of amyloid.

Amyloid formation is not a rare effect of repeated 
subcutaneous injections of insulin at one site. For unknown 
reasons, insulin is then misfolded and deposited as fibrillary 
aggregates instead of being released into the circulation (41, 
42). The deposits create one or several nodules containing heavy 
amyloid deposits and are strictly local except for one published 
case, in whom AIns amyloid was identified in draining lymph 
nodes (43). If the phenomenon is not known to the clinician or 
pathologist, the deposits may be misdiagnosed as a sign of 
systemic amyloidosis. Analysis of the amyloid with 
immunological or mass spectrometric methods elucidates the 
nature of the material. The formation of insulin-derived amyloid 
is likely an underappreciated event and may cause blood sugar 
control problems (44). 

AL amyloidosis occurs both as localized and systemic 
disorders, and the distinction is essential since while the 
systemic form is life-threatening, the localized is usually not. 
Localized AL amyloidosis develops at a site of clonal expansion 
of plasma cells secreting an amyloidogenic immunoglobulin 
light chain that forms fibrils close to the production site. 
Localized AL amyloidosis rarely develops into a systemic disease 
(45). Localized AL amyloid does often, but not always, have a 
characteristic microscopic appearance with bright birefringent 
deposits, the presence of groups of plasma cells, and giant cells 
that may cover a surface of single amyloid particles (Figure 5) 
(46). Even at light microscopy, the deposits can look fibrillary 
and organized. A number of localized AL amyloidosis specimens 
are sent to us each year from other pathology laboratories for 
type-determination.

Discussion

Systemic amyloidoses are all comparably rare and often 
diagnosed several years after the onset of the disease. A correct 
diagnosis, including the amyloid type, is required for proper 
treatment. Treatment options for the different variants have 

Figure 4. Typical findings at western blot analysis of ATTR amyloid contain-
ing fat tissue biopsies demonstrating TTR monomers (M) and dimers (D) as 
well as TTR fragments (Fr). Type A, with a mixture of full-length and frag-
ments of TTR, seen to the right, is found in most mutated forms as well as in 
wild-type ATTR amyloidosis. Type B to the left is found in many patients with 
ATTRV30M amyloidosis.
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emerged rapidly during the last years (47, 48), and the demands 
for an accurate diagnosis have significantly increased. The 
clinical diagnosis of amyloidosis is still based on tissue biopsy. 
Amyloid is often easy to recognize microscopically, but there are 
many pitfalls. The usual way is to stain tissue material with the 
dye Congo red, introduced in amyloid diagnostics one hundred 
years ago, nowadays in combination with polarization 
microscopy. Although principally simple, the staining procedure 
has to be strictly controlled since other tissue components can 
look like amyloid in overstained materials. Experience is 
necessary, and the concentration of amyloid diagnostics to a 
limited number of examiners is, therefore, important. This is 
even more apparent regarding the type-determination of 
amyloid deposits. To overcome the difficulties in diagnosing 
systemic amyloidosis and develop the most efficient treatment 
procedures for the different variants, referral centers for systemic 
amyloidosis have been established in many countries, 
particularly in Europe, USA, Japan, and Australia. In Sweden, a 
center for caring for patients with ATTRv amyloidosis was set up 
in Umeå decades ago. Patients with all other types of systemic 
amyloidosis have been investigated and treated at local 
hospitals, usually by hematologists and cardiologists. Our 
laboratory has acted as an informal Swedish referral center for 
biopsy diagnosis of amyloidosis. The Swedish National Board of 
Health and Welfare has recently decided to create up to four 
National Highly Specialized Health Care Units for systemic 
amyloidosis, of which two should be able to perform advanced 
tissue-based diagnostic work (49).

A variety of diagnostic principles have been developed, each 
with advantages and drawbacks. ATTRwt amyloidosis offers 
particular difficulties. The deposits in peripheral tissue, such as 
in a subcutaneous fat pad, can be minute and very difficult to 
identify, and determining the amyloid type of such small 

particles is a challenge, well illustrated in our material. IHC 
solved the nature in many cases, but for the remaining patients 
in whom endomyocardial biopsy was unsuitable, the ATTR 
diagnosis had to rely on the typically sparse deposits in 
subcutaneous fat tissue combined with clinical methods, 
including imaging. This should also be true for patients with 
negative fat tissue biopsy but with a strong suspicion of ATTRwt 
amyloidosis.

The difficulties with ATTRwt amyloidosis have made a cardiac 
scintigraphy method attractive. This method is based on the 
affinity for skeletal markers to ATTR amyloid-containing 
hearts.  In Europe, [99mTc]Tc-labeled 3,3-disphos-phono-1,2-
propanodicarboxylic acid (DPD) is most commonly used. The 
method is fairly specific for ATTR amyloidosis when AL disease 
has been excluded. However, the affinity of DPD is not due to 
the amyloid itself, as was originally believed but depends on 
irregularly distributed dense clouds of microcalcifications (50). 
Therefore, DPD scintigraphy is a surrogate method rather than a 
way to truly demonstrate amyloid. This fact is particularly 
important to know when trying to show therapeutic effects on 
the degree of heart involvement.

The field of systemic amyloidosis is developing rapidly, 
and treatment has become more individualized. It is probable 
that not only the biochemical type will have to be determined 
in the future but also subtypes, as is already the case with 
ATTRV30M amyloidosis. A reasonable subject might be AL 
amyloidosis, in which the amyloid protein originates from 
one out of around 50 possible immunoglobulin light chain 
genes. There are indications that certain gene products are 
associated with depositions in specific organs (51). Since AL 
proteins are cleaved and mainly consist of the variable region 
and a usually short part of the constant segment, 
fragmentation may also be important in amyloid fibril protein 
properties (52, 53).

There are other, even more, rare forms of systemic amyloidosis, 
some hereditary due to mis-sense mutations and some of wild-
type nature. So far, we have not seen such examples in our 
recent material. However, the first AApoAIV case described was 
found in our material (54), and more unexpected cases will 
probably turn up.

In summary, immunological methods to determine the type of 
amyloidosis are safe and cheap but demand experience and 
specific antibodies that are not commercially available. For some 
materials, mass spectrometry is necessary. There are also cases 
with very little amyloid in the subcutaneous fat tissue for which 
other methods are of value, particularly for ATTRwt amyloidosis.
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Figure 5. Localized AL amyloidosis of immunoglobulin light chain lambda 
origin. A sharply delimited immunolabeled amyloid particle (AM) is sur-
rounded by multinuclear giant cells (black arrow) that are often difficult to 
recognize. Groups of immunolabeled lambda-light chain plasma cells (red 
arrow) are evident. These characteristics make it possible to suggest that 
the process is localized and not part of systemic disease. Anti-AL antibody 
pwlam binding visualized with 3,3’-diaminobenzidine. Bar = 20 μm.



TISSUE-BASED DIAGNOSIS OF SYSTEMIC AMYLOIDOSIS 7

Notes on contributors

Justina Damjanovic Vesterlund, MSc, Research Engineer, 
Unit of Clinical Pathology, Department of Laboratory Medicine, 
Uppsala University Hospital.

Elisabet Ihse, PhD, Researcher, Department of Immunology, 
Genetics and Pathology, Uppsala University, and Molecular 
Biologist, Unit of Clinical Pathology, Department of Laboratory 
Medicine, Uppsala University Hospital.

Ulrika Thelander, MD, Specialist Physician of Pathology, Unit of 
Clinical Pathology, Department of Laboratory Medicine, Uppsala 
University Hospital and PhD student, Uppsala University.

Alice Zancanaro, MSc, PhD student, Uppsala University.

Gunilla T. Westermark, PhD, Professor of Medical Cell Biology, 
Department of Medical Cell Biology, Uppsala University.

Per Westermark, MD, PhD, Emeritus Professor of Pathology, 
Uppsala University and Consultant Pathologist, Unit of 
Clinical Pathology, Department of Laboratory Medicine, 
Uppsala University Hospital.

ORCID

Elisabet Ihse  https://orcid.org/0000-0001-7648-3246
Ulrika Thelander  https://orcid.org/0000-0002-6647-0967
Alice Zancanaro  https://orcid.org/0000-0002-8362-6572
Gunilla T. Westermark  https://orcid.org/0000-0003-1151-9986
Per Westermark  https://orcid.org/0000-0002-2756-4995

References

 1. Glenner GG. Amyloid deposits and amyloidosis. The β-fibrilloses. N Engl 
J Med. 1980;302:1283–92 & 333–343.

 2. Benson MD, Buxbaum JN, Eisenberg DS, Merlini G, Saraiva MJM, 
Sekijima Y, et al. Amyloid nomenclature 2020: update and recommen-
dations by the International Society of Amyloidosis (ISA) Nomenclature 
Committee. Amyloid. 2020;27(4):217–22.

 3. Jarrett JT, Lansbury PT. Seeding “one-dimensional crystallization” of 
amyloid: a pathogenic mechanism in Alzheimer´s disease and scrapie? 
Cell. 1993;73(6):1055–8.

 4. Pitkänen P, Westermark P, Cornwell GG III. Senile systemic amyloidosis. 
Am J Path. 1984;117(3)391–9.

 5. Gertz M, Adams D, Ando Y, Beirão JM, Bokhari S, Coelho T, et al. Avoiding 
misdiagnosis: expert consensus recommendations for the suspicion 
and diagnosis of transthyretin amyloidosis for the general practitioner. 
BMC Fam Pract 2020;21(1):198.

 6. Damy T, Adams D, Bridoux F, Grateau G, Planté-Bordeneuve V, Ghiron Y, 
et al. Amyloidosis from the patient perspective: the French daily impact 
of amyloidosis study. Amyloid. 2022;In press. doi: 10.1080/13506129.20
22.2035354

 7. Westermark P. Occurrence of amyloid deposits in the skin in second-
ary systemic amyloidosis. Acta Path Microbiol Scand A. 1972;80(6): 
718–20.

 8. Westermark P. Skin involvement in secondary amyloidosis. Acta Path 
Microbiol Immunol Scand A. 1971;79(1):79–80.

 9. Schilder P. Über die amyloide Entartung der Haut. Frankf Z Path. 
1909;3:782–94.

10. Brownstein MH, Helwig EB. The cutaneous amyloidoses. II. Systemic 
forms. Arch Dermatol. 1970;102(1):20–8.

11. Westermark P, Stenkvist B. Diagnosis of secondary generalized amyloido-
sis by fine needle biopsy of the skin. Acta Med Scand. 1971;190(5):453–4.

12. Gafni J, Sohar E. Rectal biopsy for the diagnosis of amyloidosis. Am J 
Med Sci. 1960;240:332–6.

13. Westermark P, Stenkvist B. A new method for the diagnosis of systemic 
amyloidosis. Arch Intern Med. 1973;132(4):522–3.

14. Gertz MA, Li CY, Shirahama T, Kyle RA. Utility of subcutaneous fat aspi-
ration for the diagnosis of systemic amyloidosis (immunoglobulin light 
chain). Arch Intern Med. 1988;148(4):929–33.

15. van Gameren II, Hazenberg BP, Bijzet J, van Rijswijk MH. Diagnostic 
accuracy of subcutaneous abdominal fat tissue aspiration for detecting 
systemic amyloidosis and its utility in clinical practice. Arthritis Rheum. 
2006;54(6):2015–21.

16. Miyazaki K, Kawai S, Suzuki K. Abdominal subcutaneous fat pad aspiration 
and bone marrow examination for the diagnosis of AL amyloidosis: the 
reliability of immunohistochemistry. Int J Hematol. 2015;102(3):289–95.

17. Olsen KE, Sletten K, Westermark P. The use of subcutaneous fat tissue 
for amyloid typing by enzyme-linked immunosorbent assay. Am J Clin 
Path. 1999;111(3):355–62.

18. Paulsson Rokke H, Sadat Gousheh N, Westermark P, Suhr OB, Anan I, Ihse 
E, et al. Abdominal fat pad biopsies exhibit good diagnostic accuracy in 
patients with suspected transthyretin amyloidosis. Orphanet J Rare Dis. 
2020;15(1):278.

19. Westermark P, Davey E, Lindbom K, Enqvist S. Subcutaneous fat tissue 
for diagnosis and studies of systemic amyloidosis. Acta Histochem. 
2006;108(1):209–13.

20. Westermark P. Subcutaneous adipose tissue biopsy for amyloid protein 
studies. Methods Mol Biol. 2012;849:363–71.

21. Benson MD, Berk JL, Dispenzieri A, Damy T, Gillmore JD, Hazenberg BP, 
et  al. Tissue biopsy for the diagnosis of amyloidosis: experience from 
some centres. Amyloid. 2022;29(1):8–13.

22. Westermark P, Stenkvist B, Natvig JB, Olding-Stenkvist E. Demonstration 
of protein AA in subcutaneous fat tissue obtained by fine needle biopsy. 
Ann Rheum Dis. 1979;38(1):68–71.

23. Brambilla F, Lavatelli F, Di Silvestre D, Valentini V, Rossi R, Palladini G, 
et al. Reliable typing of systemic amyloidoses through proteomic analy-
sis of subcutaneous adipose tissue. Blood. 2012;119(8):1844–7.

24. Vrana JA, Theis JD, Dasari S, Mereuta OM, Dispenzieri A, Zeldenrust 
SR, et al. Clinical diagnosis and typing of systemic amyloidosis in sub-
cutaneous fat aspirates by mass spectrometry-based proteomics. 
Haematologica. 2014;99(7):1239–47.

25. Linke RP. On typing amyloidosis using immunohistochemistry. Detailled 
illustrations, review and a note on mass spectrometry. Prog Histochem 
Cytochem. 2012;47(2):61–132.

26. Linke RP, Meinel A, Chalcroft JP. Sensitive and reliable immunohistochemi-
cal typing of 21 different amyloid classes in 782 patients using amyloid-type 
specific antibodies directed against the amyloidotic conformation. With 
comments on the gold standard debate. Amyloid. 2017;24(sup1)(1):157–8.

27. Franklin EC, Pras M. Immunologic studies of water-soluble human amy-
loid fibrils. Comparative studies of eight amyloid preparations. J Exp 
Med. 1969;130(4):797–808.

28. Husby G, Natvig JB. Individual antigenic specificity and cross-reactions 
among amyloid preparations from different individuals. Clin Exp Immunol. 
1972;10(4):635–47.

29. Gustavsson Å, Engström U, Westermark P. Mechanisms of transthyretin 
(TTR) amyloidogenesis: antigenic mapping of transthyretin purified 
from plasma and amyloid fibrils and within in situ tissue localizations. 
Am J Path. 1994;144(6):1301–11.

30. Westermark P, Benson L, Juul J, Sletten K. Use of subcutaneous abdom-
inal fat biopsy specimen for detailed typing of amyloid fibril protein-AL 
by amino acid sequence analysis. J Clin Path. 1989;42(8):817–9.

31. Gilbertson JA, Botcher NA, Westermark P, Westermark GT, Smith LA, 
Jefferson ER, et al. A clinical validation study of an amyloid fibril specific 
anti-lambda immunoglobulin light chain monoclonal antibody for the 
diagnosis of AL amyloidosis in 150 cases. XVI International Symposium 
on Amyloidosis. 2016;Abstract PB83:297.

https://orcid.org/0000-0001-7648-3246
https://orcid.org/0000-0001-7648-3246
https://orcid.org/0000-0002-6647-0967
https://orcid.org/0000-0002-6647-0967
https://orcid.org/0000-0002-8362-6572
https://orcid.org/0000-0002-8362-6572
https://orcid.org/0000-0003-1151-9986
https://orcid.org/0000-0003-1151-9986
https://orcid.org/0000-0002-2756-4995
https://orcid.org/0000-0002-2756-4995
http://dx.doi.org/10.1080/13506129.2022.2035354
http://dx.doi.org/10.1080/13506129.2022.2035354


8 J.D. VESTERLUND ET AL.

32. Vrana JA, Gamez JD, Madden BJ, Theis JD, Bergen III HR, Dogan A. Classification 
of amyloidosis by laser microdissection and mass spectrometry-based  
proteomic analysis in clinical biopsy specimens. Blood. 2009;114(24):4957–9.

33. Canetti D, Brambilla F, Rendell NB, Nocerino P, Gilbertson JA, Di Silvestre 
D, et al. Clinical amyloid typing by proteomics: Performance evaluation 
and data sharing between two centres. Molecules. 2021;26(7):1913.

34. Bergström J, Gustavsson Å, Hellman U, Sletten K, Murphy CL, Weiss DT, 
et  al. Amyloid deposits in transthyretin-derived amyloidosis: cleaved 
transthyretin is associated with distinct amyloid morphology. J Pathol. 
2005;206(2):224–32.

35. Ihse E, Ybo A, Suhr OB, Lindqvist P, Backman C, Westermark P. Amyloid 
fibril composition is related to the phenotype of hereditary transthyre-
tin V30M amyloidosis. J Pathol. 2008;216(2):253–61.

36. Suhr OB, Lundgren E, Westermark P. One mutation, two distinct disease 
variants: unravelling the impact of transthyretin amyloid fibril composi-
tion. J Intern Med. 2017;281(4):337–47.

37. Stangou AJ, Hawkins PN, Heaton ND, Rela M, Monaghan M, 
Nihoyannopoulos P, et al. Progressive cardiac amyloidosis following 
liver transplantation for familial amyloid polyneuropathy: implica-
tions for amyloid fibrillogenesis. Transplantation. 1998;66(2):229–33.

38. Ihse E, Suhr OB, Hellman U, Westermark P. Variation in amount of wild-
type transthyretin in different fibril and tissue types in ATTR amyloido-
sis. J Mol Med. 2011;89(2):171–80.

39. Ihse E, Rapezzi C, Merlini G, Ando Y, Suhr OB, Ikeda S, et al. Amyloid fibrils 
containing fragmented ATTR may be the standard fibril composition in 
ATTR amyloidosis. Amyloid. 2013;20(3):142–50.

40. Hazenberg BP, van Rijswijk MH. Where has secondary amyloid gone? 
Ann Rheum Dis. 2000;59(8):577–9.

41. Dische FE, Wernstedt C, Westermark GT, Westermark P, Pepys MB, Rennie 
JA, et al. Insulin as an amyloid-fibril protein at sites of repeated insulin 
injections in a diabetic patient. Diabetologia. 1988;31(3):158–61.

42. Nilsson MR. Insulin amyloid at injection sites of patients with diabetes. 
Amyloid. 2016;23(3):139–47.

43. Liepnieks JJ, Benson MD, Kluve-Beckerman B. Insulin: a diagnostic warn-
ing. Amyloid 2017;24(sup1):159–160.

44. Nagase T, Iwaya K, Iwaki Y, Kotake F, Uchida R, Oh-i T, et  al. Insulin-
derived amyloidosis and poor glycemic control: a case series. Am J Med. 
2014;127(5):450–4.

45. Basset M, Hummedah K, Kimmich C, Veelken K, Dittrich T, Brandelik S, 
et al. Localized immunoglobulin light chain amyloidosis: Novel insights 
including prognostic factors for local progression. Am J Hematol. 
2020;In press. doi: 10.1002/ajh.25915

46. Westermark P. Localized AL amyloidosis: a suicidal neoplasm? Ups J Med 
Sci. 2012;117(2):244–50.

47. Ando Y, Adams D, Benson MD, Berk JL, Planté-Bordeneuve V, Coelho 
T, et  al. Guidelines and new directions in the therapy and monitoring 
of ATTRv amyloidosis. Amyloid. 2022;In press. doi: 10.1080/13506129.20
22.2052838

48. Wechalekar AD, Cibeira MT, Gibbs SD, Jaccard A, Kumar S, Merlini G, 
et al. Guidelines for non-transplant chemotherapy for treatment of sys-
temic AL amyloidosis: EHA-ISA working group. Amyloid. 2022;In press. 
doi: 10.1080/13506129.2022.2093635

49. ht t p s : / / w w w. s o c i a l s t y re l s e n . s e / k u n s k a p s s to d - o c h - re g l e r /
regler-och-riktlinjer/nationell-hogspecialiserad-vard/oversikt/sys-
temisk-amyloidos/. 2022 

50. Thelander U, Westermark GT, Antoni G, Estrada S, Zancanaro A, Ihse E, 
et al. Cardiac microcalcifications in transthyretin (ATTR) amyloidosis. Int 
J Cardiol. 2022;352(1):84–91.

51. Enqvist S, Sletten K, Stevens FJ, Hellman U, Westermark P. Germ line 
origin and somatic mutations determine the target tissues in systemic 
AL-amyloidosis. PLoS ONE. 2007;2:e981.

52. Enqvist S, Sletten K, Westermark P. Fibril protein fragmentation pattern 
in systemic AL-amyloidosis. J Pathol. 2009;219(4):473–80.

53. Baur J, Berghaus N, Schreiner S, Hegenbart U, Schönland SO, Wiese 
S, et  al. Identification of AL proteins from 10 λ-AL amyloidosis 
patients by mass spectrometry extracted from abdominal fat and 
heart tissue. Amyloid. 2022;In press. doi: 10.1080/13506129.2022.2
095618

54. Bergström J, Murphy C, Eulitz M, Weiss DT, Westermark GT, Solomon 
A, et  al. Codeposition of apolipoprotein A-IV and transthyretin in 
senile systemic (ATTR) amyloidosis. Biochem Biophys Res Commun. 
2001;285(4):903–8.

55. Westermark GT, Sletten K, Westermark P. Alkali-degradation of  
amyloid: an ancient method useful for making monoclonal 
antibodies against amyloid fibril proteins. Scand J Immunol. 
2009;70(6):535–40.

56. Bergström J. Apolipoprotein A-IV and transthyretin in Swedish forms of 
systemic amyloidosis. Thesis, Uppsala University. 2004.

57. Westermark GT, Ihse E, Westermark P. Development of mouse monoclo-
nal antibodies against human amyloid fibril proteins for diagnostic and 
research purposes. Methods Mol Biol. 2018;1779:401–14.

58. Mucchiano GI, Häggqvist B, Sletten K, Westermark P. Apolipoprotein 
A-1-derived amyloid in atherosclerotic plaques of the human aorta. 
JPathol. 2001;193(2):270–5.

http://dx.doi.org/10.1002/ajh.25915
http://dx.doi.org/10.1080/13506129.2022.2052838
http://dx.doi.org/10.1080/13506129.2022.2052838
http://dx.doi.org/10.1080/13506129.2022.2093635
https://www.socialstyrelsen.se/kunskapsstod-och-regler/regler-och-riktlinjer/nationell-hogspecialiserad-vard/oversikt/systemisk-amyloidos/
https://www.socialstyrelsen.se/kunskapsstod-och-regler/regler-och-riktlinjer/nationell-hogspecialiserad-vard/oversikt/systemisk-amyloidos/
https://www.socialstyrelsen.se/kunskapsstod-och-regler/regler-och-riktlinjer/nationell-hogspecialiserad-vard/oversikt/systemisk-amyloidos/
http://dx.doi.org/10.1080/13506129.2022.2095618
http://dx.doi.org/10.1080/13506129.2022.2095618



