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Abstract
This review on amyloidosis aims to give a simple and concise practical paper on the vast and complex theme that is amyloidosis. Research has done using PubMed with 
the terms “amyloid” and “amyloidosis” and selecting review articles. The references of the selected articles were also analysis for more appropriated information. This 
review methodically makes an overview of the main aspects of the disease (incidence, pathogenesis, clinical features, diagnosis and treatment). This is an expanding 
field that affects a lot of different specialties and is an important pathology that still needs investigation on the diverse causes, as well as in new therapeutic targets 
and available therapies. 
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Introdution
The word amyloid was its origin in the Latin word amylum, 

meaning starch. It was first used in 1838 by Matthias Schleiden, a 
botanic, to describe an amylaceous constituent of plants. In medicine, it 
was Rudolph Virchow in 1854 that used the term to describe a reaction 
of cerebral corpora amylacea (nowadays AA amyloid) with iodine [1,2]. 
Today with more advanced technology, amyloid can be identified by 
its apple-green birefringence in polarized light when stain with Congo 
red. In 1959 it was showed by Cohen and Calkins that the amyloid is 
composed by fibrils with 10nm in width with variable length [3] The 
stability of these fibrils derives from hydrogen bonds between the 
backbone of the polypeptide chains and the contribution of side chains 
[4]. In 1968 Glender discovered that the fibrils were aligned in cross 
β-sheets [5]. Another major discovery was that a variety of polypetides 
can aggregate in vivo to form amyloid and that in each patient the 
derived from a single protein precursor.

Amyloidosis, the pathologic manifestation of amyloid deposits, can 
be systemic or localized. The fibril constituent determines the disease 
properties, like persistence and seeding behavior [1]. Besides amyloid 
fibrils, the deposits can also form by serum amyloid P-component 
(SAP), heparan sulfate proteoglycan (HSPG) and apolipoproteins. 
These components are important to some manifestations of the disease. 
Amyloid is defined as extracellular deposit of a fibrillary protein. There 
are 36 human protein identified (Table 1). 

Incidence
There are few studies on the true incidence of amyloidosis. 

According to death certificates on the United Kingdom, amyloidosis 
affects 1 in 100 000 people and it is cause of death in 0,58 per 1000 
people [6]. An analysis of a Swedish hospital reports an incidence 
of 8,29 per million people for non-hereditary amyloidosis and 3,2 
per million people for hereditary AL amyloidosis. The National 
Amyloidosis Center of the United Kingdom states that the most 
frequent type is AL amyloidosis (68%), following by AA amyloidosis 
(12%) and in third ATTR amyloidosis (9,8%). The most common 

forms of systemic amyloidosis are AL, AA, ATTR and Aβ2M [5]. 
Among hereditary amyloidosis, the most common sub-type is the 
familial amyloid polyneuropathy (FAP), affecting less than 1:100,000 
in Europe. Besides this, a specific TTR mutation (Val30Met variant 
of TTR) is higher in some countries (as in northern Portugal), where 
about 1:538 of people have the mutated gene [7].

Pathogenesis of tissue damage
The primary cause of the pathogenicity of amyloid protein is the 

misfolding of said protein that leads to its accumulation on the affected 
tissues. The misfolding could be due to multiple causes, one of them 
being a genetic mutation that codes a different amino-acid that alter the 
protein conformation.

Several factors determine the tissue deposition of amyloid (tissue 
tropism), such as molecular structure, low pH, excess of protein, 
presence of specific proteolytic activity and the interaction of fibrils 
with glicosaminoglicans (GAG) and specific receptor on the cell 
surface (receptor for advanced glycation end products) [7]. The 
exposure of the polypeptide chain to extracellular denaturation stimuli 
causes the unfolding of the chain and consequence exposure of hidden 
hydrophobic residues making the protein susceptible to auto aggregation. 
Besides that, even a partial unfolded protein can become a target to 
endopeptidases leading to proteolytic cleavage and destabilization of 
the protein structure. Amyloid proteins are particularly vulnerable to 
these fluctuations and a have a high tendency to aggregation without a 
major energetic barrier to unfolding. Another important factor is that 
some fragmentation events can expose the surface of growing fibrils 
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membrane leads to cell death [15,16]. The interaction of amyloid fibrils 
with cellular receptors been demonstrated in Aβ amyloidosis, and has 
been implied as the principal effector of the synaptic dysfunction in 
Alzheimer’s disease [17].

Clinical features
Amyloidosis can potentially affect any organ, making the 

symptoms have a low specificity to a particular type of amyloidosis. 

and increase the number of growth competent aggregates causing an 
acceleration of aggregation rate. This last mechanism has also implied 
in the cell to cell transmission and spreading and the disease [7-13]. 
Accumulation of amyloid aggregates may disrupt the tissue architecture 
leading to organ failure. The cytotoxic effects of soluble fibrils may allow 
membrane permeabilization, with alteration of the permeabilization of 
membrane to calcium ions, the production of reactive oxygen species 
and mitochondrial dysfunction [14]. The oxidative stress, that activates 
the apoptotic pathway, and the mechanical disruption of the cell 

Fibril protein Precursor Systemic and/or localized Acquired or hereditary Target organs
AL Immunoglobulin light chain S, L A, H All, usually except CNS
AH Immunoglobulin heavy chain S, L A All, except CNS
AA (Apo) Serum amyloid A S A All, except CNS

ATTR Transthyretin wild type
Transtyretin variants

S

S

A

H

Heart (+ males), lung, ligaments, 
tenosynovium

PNS, ANS, heart, eye, leptomen

Aβ2M β2 microglobulin wild type
β2 microglobulin variant

S

S

A

H

Musculoskeletal system
ANS

AApoAI Apolipoprotein A I variants S H
Heart, liver, kidney, PNS, testis, 

larynx and skin (C terminal 
variants)

AApoAII Apolipopritein A II variants S H Kidney
AApoIV Apolipoprotein IV wild type S A Kidney medulla, systemic
AApoCII Apolipoprotein C II variants S H Kidney
AApoCIII Apolipoprotein C III variants S H Kidney

Agel Gelsolin variants S H PNS, cornea
ALys Lysozyme variants S H Kidney

ALECT2 Leukocyte Chemotactic Factor-2 S A Kidney primarily
AFib Fibrinogen α variants S H Kidney primarily
ACys Cystatin C variants S H PNS, skin
ABri ABriPP variants S H CNS
ADan ADanPP variants L H CNS

Aβ Aβ protein precursor wild type
Aβ protein precursor variants

L

L

A

H

CNS

CNS
AαSyn Α-Synuclein L A CNS
ATau Tau L A CNS

APrP
Prion protein wild type
Prion protein variants
Prion protein variant

L
L
S

A
H
H

CJD, fatal insomnia
CJD, GSS syndrome, fatal insomnia

PNS
ACal (Pro)calcitonin L A C-cell thyroid tumors

AIAPP Islet amyloid polyptide* L A Islets of Langerhans, insulinomas
AANF Atrial natriuretic factor L A Cardiac atria

APro Prolactin L A Pituitary prolactinomas, aging 
pituitary

AIns Insulin L A Iatrogenic, local injection
ASPC† Lung surfactant protein L A Lung
AGal7 Galectin 7 L A Skin
ACor Corneodesmosin L A Cornified epithelia, hair folicules
AMed Lactadhherin L A Senile aortic media
AKer Kerato-epithelin L A Cornea, hereditay
ALac Lactoferrin L A Cornea

AOAAP Odontogenic amenoblast-associated 
protein L A Odontogenic tumors

ASem1 Semenogelin 1 L A Vesicula seminalis
AEnf Enfurvitide L A Iatrogenic

ACatK‡ Cathepsin K L A Tumor associated

Adapted from Benson et al.
CNS: Central nervous system; PNS: Peripheral nervous system; ANS: Automonic nervous system; CJD: Creutzfeldt-Jakob disease; GSS: Gerstmann-Sträussler-Scheinker syndrome
*Also called amylin
†Not proven by amino acid sequence analysis
‡Full amino acid sequence to be established

Table 1. Types of human amyloid fibrils protein and precursors
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satiety, diarrhea, constipation). Cranial neuropathy can occur in AGel) 
amyloidosis [6]. 

Soft tissue involvement in almost exclusive of AL amyloidosis. 
Carpal tunnel syndrome is a common early symptom in wild-type 
and hereditary ATTR amyloidosis (found in 1/3 of elderly people 
undergoing carpal tunnel decompression) [24].

Localized amyloidosis is linked to in-situ production of 
amyloidogenic light chains by clonal B cells. The most common sites 
include the respiratory tract, bladder, eyelids, and skin. This is a more 
indolent form and rarely evolves systemically, but it can have solemn 
consequences (mass lesion can occupy space) [25].

Diagnosis and staging
The correct identification of the protein is vital for the 

appropriated treatment and prognosis, with the assessment of 
the extent and severity of amyloidotic organ involvement. The 
diagnostic is done by biopsy and stain coloration, like Congo red. 
The final diagnosis is done by the histologic identification of the 
precursor protein [6,8].

First of all, some common blood and urine test should 
be requested. Among them are full blood count, hepatic and 
renal functions tests, clotting tests, serum and urine free chain 
immunoelectrophoresis and cardiac markers (troponin and 
N-terminal pro-brain natriuretic peptide). An electrocardiogram 
(ECG) should be completed, as well as bone marrow aspirate to 
exclude myeloma. If there is cardiac involvement, serum cardiac 
markers are important for risk stratification and staging of AL 
amyloidosis [6,7] (Figure 1 - A stepwise approach to the diagnosis).

When a systemic form is present, the most accessible and common 
place to biopsy is subcutaneous abdominal fat with fine needle 

Soft tissue involvement with macroglossia and periorbital purpura 
are typical of AL amyloidosis, and are present in about 30% of cases. 
Muscular pseudohypertrophy, swelling of the salivary glands and 
submandibular soft-tissue infiltration of the neck are also signs of AL 
amyloidosis. Isolated periorbital purpura is less specific and can be 
present in other types [6,7].

Cardiac involvement is the main cause of morbidity and 
mortality in amyloidosis with a 5-year survival of <10% [18,19]. It is 
characterized by restrictive cardiomyopathy with signs of elevated right 
ventricular failure (raised jugular venous pressure, edema, congestive 
hepatomegaly). In more advanced stages of the disease there can be a 
low cardiac output and hypotension. The cardiac involvement is more 
common in AL amyloidosis (50% of cases), ATTR amyloidosis and 
AApoAI and its rare in AA amyloidosis [20,21]. 

Renal involvement is the most common in affected organ in AA, 
AL, fibrinogen A α-chain (AFib), ALect2, and AApoAI amyloidosis. 
Renal dysfunction can be asymptomatic for long periods of time. 
Albuminuria is typical and can progress to nephrotic syndrome. 
Albuminuria and kidney disfunction are characteristic of AA 
amyloidosis and its absence is rare [20]. The hallmark of hereditary 
AApoAI and lysozyme (ALys) amyloidosis is involvement of the 
kidneys and liver but the progression is slow [22].

Nervous system involvement is also common in amyloidosis. The 
two main forms of neuropathies are the compression neuropathy and 
the generalized neuropathy that can be associated with autonomic 
dysfunction. AL amyloidosis (50% cases) and some hereditary types 
of ATTR, ApoAI and A β2M (more frequent carpal tunnel syndrome) 
are the main types with neurologic symptoms. Peripheral neuropathy is 
mainly axonal and involves the small and large fibers. It begins with loss 
of temperature perception and can be painful (small fibers) [23]. The 
occurrence of autonomic neuropathy is an early manifestation in men, 
with postural hypotension, impotence and digestive symptoms (early 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

Clinical features suggestive of amyloidosis 

Baseline tests  
• Serum creatinine 
• Estimated glomerular filtration rate 
• 24 h proteinuria 
• Full blood count 
• Liver function tests 
• Clotting 
• Electrocardiogram 
• NT-proBNP 
• Troponin T/I 

Confirmation of diagnosis 
• Tissue biopsy or abdominal fat 
aspiration for Congo red stain and 
fibril typing 

Cardiac investigations 
• Echocardiogram 
• Cardiac Magnetic  

Resonance imaging 

Hereditary amyloidosis 
• Genetic sequencing 

Other Studies 
• DPD Scintigraphy 

Suspected AL amyloidosis 
• Serum and urine SPE/IFE 
• Serum free light chain 
• Bone marrow aspiration/biopsy 
• Skeletal imaging 

Figure 1. Diagnostic stepwise approach to suspect amyloidosis (AL: Amyloid light-chain; DPD: 3,3-diphosphono-1,2-propanodicarboxylic acid; IFE: Immunofixation electrophoresis; NT-
proBNP: N-terminal pro-brain natriuretic peptide; SPE: Serum protein electrophoresis).
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aspiration and do a Congo-red staining (gold standard). It is usually 
fast and with few side effects, it is an alternative to an organ biopsy 
and can be done to screen population with suspected diagnosis of 
Al, AA and ATTR amyloidosis [6,10,11]. The specificity of fat tissue 
biopsy (if the staining procedure is performed correctly) approaches 
100%, sensitivity varies between from 52% to 88% and positive 
and negative predictive values are 84% and 90%, respectively. The 
sensitivity is higher with the increased number of samples (1 to 3 
samples) and number of observers (1 to 2 observers) [9,10]. In a study 
done in Amyloidosis Research and Treatment Center (Pavia) with 745 
patients, immunoelectron microscopy (IEM) (technique that combines 
immunohistochemistry and electron microscopy) correctly identified 
specific form of amyloidosis in 99% of the cases [6]. 

In cases with cardiac involvement, besides cardiac markers, an 
ECG and an echocardiogram should be performed. The ECG typically 
shows reduced QRS voltages for cardiac AL amyloidosis, and the 
echocardiography shows a concentrically thickened of ventricular 
walls with normal or small ventricular cavities with thickened valves 
and dilated atria [26]. Cardiac magnetic resonance imaging can 
provide additional details about the function and morphology, sub-
endocardial late gadolinium enhancement is almost typical of cardiac 
amyloid [27] The bone-seeking radionuclide tracers ⁹⁹m-technetium- 
3,3-diphosphono-1,2-propanodicarboxylic acid (⁹⁹mTc-DPD) and 
⁹⁹mTc-pyrophosphate (⁹⁹mTc-PYP) seem to localize with good 
sensitivity cardiac ATTR deposits, and scans with ⁹⁹mTc-DPD seem to 
show asymptomatic ATTR cardiac deposits [28].

To evaluate the extent of the disease serum amyloid P component 
(SAP) scintigraphy detects and identify the distribution of amyloid 
in systemic amyloidosis, but the heart cannot be visualized with this 
technique [29]. Sensitivity of the SAP scan for AL and AA amyloidosis 
is about 90%, but it is only 48% for hereditary ATTR amyloidosis and 
specificity is about 90% [5]. In hereditary disorders a genetic sequencing 
should be done [6]. 

Various variables are powerful clinical indicators of poor outcome 
in AL amyloidosis, including poor performance status, severe postural 
hypotension, New York Heart Association functional class 3 or higher, 
and low systolic blood pressure (SBP; <100 mm Hg).Those in whom 
troponin I and NT-proBNP are abnormal have median survival of 7–8 
months [30].

Treatment
The treatment option in amyloidosis depends on which type the 

patient has. A reduction of the supply of precursor proteins is the 
goal for all treatment, but it is not yet possible in various types. There 
some drugs for AL and AA amyloidosis but frequently they are poorly 
tolerated because of organs disfunctions. Orthotopic liver transplant is 
an option for diminish hepatic source of hereditary forms of ATTR, 
AApoAI and AFib [6,7]. Assessment of treatment response includes 
a dual evaluation of a treatment’s suppression of supply of amyloid 
precursor protein and its effects on the function of amyloidotic organs. 
Supportive care is fundamental to control symptoms, maintain the organ 
function and to manage the adverse effects of the medication. These 
include blood pressure control (renal amyloidosis), fluid restriction 
(cardiac amyloidosis) and α-agonists (autonomic neuropathy with 
postural hypotension) and nutritional support [6].

Risk stratification in patients with AL amyloidosis is critical 
for optimum selection of therapy. A consensus criterion to define 
hematological and organ responses (strong predictors of survival) have 

been studied. Those who achieve a complete response (no detectable 
monoclonal immunoglobulin) or very good partial response (VGPR) 
have the best outcomes [31]. The treatment for AL amyloidosis is 
chemotherapy targeting clonal plasma cells dyscrasia with consequent 
decrease in light chains and reduce organ damage [32]. The clinical 
array of symptoms can vary from monoclonal gammopathy of 
undetermined significance (MGUS, the majority of patients) to 
multiple myeloma. The poorer the functional status, the greater is 
treatment toxicity, so frequent evaluations of hematological response 
are needed. The patient can be divided in low, intermediate and high 
risk. Low-risk patients are those with excellent performance status; 
NT-proBNP lower than 5000 ng/mL; troponin lower than 0,06 ng/mL, 
no significant pleural effusions, autonomic neuropathy or amyloid-
related gastrointestinal bleeding and good renal function. The classical 
treatment for low risk patients was melphalan followed by autologous 
stem cell transplantation (ASCT) [33,34]. Bortezomib can be used for 
induction and consolidation to achieve VGPR in >90% of these patients 
[35,36]. Most of the patients with AL amyloidosis have an intermediate 
risk should be treated with combinate chemotherapy. Some options 
include melphalan with dexamethasone (MDex) or cyclophosphamide, 
thalidomide and dexamethasone (CTDa) [37]. A combination of 
bortezomib with cyclophosphamide and dexamethasone (CyBorD) 
gives high response rates > 90% for patients treated upfront, with 
60% achieving complete response or VGPR [38]. Bortezomib should 
be used with caution in the patients with neuropathy symptoms 
because it can have neurotoxicity. Second-generation proteasome 
inhibitor ixazomib, provide good hematological response (> 50% of 
patients) with good cardiac and renal responses and it’s given orally 
and are usually well tolerated [39]; and carfilzomib (intravenous) has a 
potential cardiotoxicity, but in a phase I study involving patients with 
both relapsed and refractory AL showed to be an effective treatment 
[40]. Lenalidomide and pomalidomide in combinations with alkylators 
showed a good response, but lower than those with bortezomib [41,42]. 
There are useful in refractory disease after the use of bortezomib or in 
patients with neuropathic symptoms. In high risk patients no particular 
regimen has yet been shown to be superior and chemotherapy should 
be started at low doses with frequent evaluations [43].

In patients with AA amyloidosis the treatment is to control the 
underlying inflammatory disease, therefor, the specific treatment 
depends on the cause. Antimicrobials are the first choice for patients in 
infectious diseases, like tuberculosis or bronchiectasis; and colchicine 
is effective in familiar Mediterranean fever [44,45]. In those patients 
with rheumatological diseases, tumor necrosis factors (TNF) inhibitors 
(etanercept, infliximab, adalimumab) are effective [46]. In auto-
inflammatory disorders like “TNF-related periodic fever syndrome” 
(TRAPS) and cryopyrin-associated periodic fever syndromes (CAPS), 
interleukin-1 blockage with anakinra or canakinumab showed efficacy 
[47-49]. Inhibition of interleukin IL-1 or IL-6 improved the symptoms 
in patients with AA amyloidosis with an unknown origin, but the 
treatment regimen has to be carefully adapted [50]. The reduction 
of the interactions between GAG and amyloid fibrils with eprodisate 
constitutes a hypothesized novel approach, but the clinical efficacy is 
still uncertain [51].

In hereditary amyloidosis, organs transplant remains as the main 
approach, the principal transplant being the liver as producer of amyloid 
precursors, such as transthyretin, apolipoprotein AI and fibrinogen. This 
transplant allows the substitution of the mutant protein for a normal 
one [52]. It is the treatment of choice in younger patients with ATTR 
amyloidosis with the Val30Met variant and early in the disease course 
[53]. Cardiac transplant can be considered in selected young patients 
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with ATTRwt and V122I-related ATTR [54]. AFib amyloidosis has had 
some treatment success with renal transplant even though recurrent 
amyloid deposition has been reported [55]. A double kidney and liver 
transplant have been proposed for AFib but the mortality is high [56]. 
AApoAI amyloidosis (depending on the mutation) have reported good 
long-term outcomes of liver, kidney and heart transplantation in spite 
of recurrent deposition [57]. 

Among new therapies, has been some developments in the 
treatment of ATTR. A novel molecule, tafamidis, nowadays standard of 
care to treat hereditary ATTR, makes a kinetic stabilization by binding 
TTR in the plasma and maintain the naïve tetrameric structure [58], 
leading to a slower disease progression in 18 months [59]. Diflunisal, 
a non-steroidal anti-inflammatory drug, can bind TTR, although the 
binding is moderate, it has a high bioavailability and good clinical 
activity in vivo [60]. Doxycycline and tauro-ursodeoxycholic acid 
(TUDCA) may interfere with TTR fibrillogenesis and slow the 
disease progression [6]. Two RNA-inhibiting therapies for TTR (small 
interfering RNA therapy and anti-sense oligonucleotide therapy), 
patisiran and inotersen already approved by the European medicines 
Agency, don´t seem to have major side effects so far [61,62]. 

Immunotherapy with antibodies are another new option for the 
treatment of amyloidosis. The chimeric antibody, Mu11–1F4, has the 
ability to bind AL fibrils in amyloid deposits [63]. Another monoclonal 
antibody, mAb2A4, has the ability to identify human AL/AA aggregates, 
it immunoreacts in vitro with insoluble light-chain aggregates and 
normal folded light chain aggregates were spared [64]. Another new 
combined option is using a monoclonal antibody, a specific IgG1 
antibody identifying SAP (reduce amyloid aggregates in systemic 
amyloidosis) [65]. This uses R)-1-[6-[(R)- 2-carboxy-pyrrolidin-1-yl]-
6-oxo-hexanoyl] pyrrolidine-2- carboxylic acid (CPHPC) to reduce 
SAP and then they are recognized by IgG anti-SAP antibodies [66]. 
This approach appears to show promising results with reduction in liver 
amyloid deposits [67].

Conclusion
Amyloidosis is a complex disease with multiple organs affects and 

different manifestations. The clinicians need to have a high degree 
of suspicion to make an early and correct diagnosis and initiate the 
adequate treatment. There have been an efforts from the scientific 
community to improve the treatment option for this multifactorial 
disease, but it still will be a few years before those are available to the 
patients. 
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