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  29 

 30 

Abstract 31 

  32 

Amyloidosis is a general term for diseases characterised by the deposition of insoluble 33 

amyloid fibrils in organs or tissues, leading to organ dysfunction and, in many cases, death. 34 

Amyloid fibrils are derived from soluble precursor proteins, with the number of known 35 

amyloidogenic proteins increasing over time. The identity of the precursor protein often predicts 36 

the disease phenotype, though many of the amyloidoses have overlapping clinical features.  37 

Most patients with amyloidosis will require biopsy of an involved organ or tissue to 38 

confirm the diagnosis. Cardiac transthyretin amyloidosis, however, may be diagnosed without a 39 

biopsy provided stringent criteria are met. Where amyloid is confirmed histologically, the identity 40 

of the amyloidogenic protein must be determined, given several of the amyloidoses have disease-41 

specific therapies. Laser capture microdissection and tandem mass spectrometry (LCM-MS) has 42 

revolutionised amyloid subtyping, being able to identify the amyloidogenic protein more reliably 43 

than antibody-based methods such as immunohistochemistry. 44 

This paper summarises the biopsy approach to amyloidosis, as well as the non-biopsy 45 

diagnosis of cardiac transthyretin amyloidosis. Proteomic and antibody-based methods for 46 

amyloid subtyping are reviewed. Finally, an algorithm for confirming the diagnosis of 47 

amyloidosis is presented.  48 

  49 
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Introduction 50 

 51 

  The diagnosis of amyloidosis can only be made histologically through the detection of 52 

amyloid deposits on tissue biopsy specimens, with the exception of cardiac transthyretin 53 

amyloidosis, which may be diagnosed without a tissue biopsy provided stringent criteria are met. 54 

[1] The protein forming the amyloid fibrils must then be identified to establish the type of 55 

amyloidosis.  Typing is particularly important since a non-immunoglobulin light chain (non-AL) 56 

amyloidosis can occur with an unrelated plasma cell dyscrasia; mis-identification may lead patients 57 

to receive inappropriate chemotherapy on the presumption of AL amyloidosis if typing is not 58 

performed.  This is crucial in cardiac transthyretin amyloidosis in the elderly (especially the African-59 

American population), where the prevalence of an unrelated monoclonal gammopathy approaches 60 

20%.  [1]  Immunohistochemistry remains the most common method to characterise amyloid 61 

deposits, though may be inconclusive or misleading, particularly outside of centres of expertise. 62 

[2] Recently, mass spectrometry-based proteomic analysis of amyloid deposits has been shown to 63 

identify the amyloid subtype with a high degree of confidence, [3, 4] and is considered the gold 64 

standard.   65 

The only type of amyloidosis that may be diagnosed without a tissue biopsy is cardiac 66 

transthyretin amyloidosis.  In symptomatic patients with suggestive or characteristic findings of 67 

amyloidosis on echocardiogram and/or cardiac magnetic resonance imaging (MRI), a diagnosis of 68 

cardiac transthyretin amyloidosis may be established on the basis of scintigraphic imaging, 69 

provided no plasma cell dyscrasia is present. [1]   70 

The diagnosis of amyloidosis by tissue biopsy 71 

 Amyloid deposits are visible on haematoxylin and eosin (H&E)-stained histological 72 

sections as amorphous, eosinophilic deposits (see Figure 1a).  H&E staining is not specific for 73 

amyloid deposition since hyaline change or sclerosis give similar appearances.  [5] 74 
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 Amyloid deposition is confirmed using thioflavin dyes, most commonly Congo red. On 75 

light microscopy, Congo red-stained amyloid deposits will appear red or salmon-pink (see Figure 76 

1b).  The confirmatory test is the appearance of characteristic birefringence under cross-polarised 77 

light when the amyloid deposits look apple-green but may demonstrate other colours ranging from 78 

yellow-green or blue-green to apple green, partly as a consequence of additional birefringence 79 

introduced by other structures (e.g. glass slides) in the light path (see Figure 1c). [6]  Congo red 80 

may stain other structures (e.g. the elastic laminae of arteries, eosinophils, and myelomatous casts), 81 

though these will appear white under cross polarised light.  Meticulous attention to staining 82 

technique is required, as overstaining may lead to false-positive results and old stain may give false 83 

negative results.  Amyloid deposits may be missed in thin sections and use of sections at least 5 84 

µm in thickness is recommended. [6]   Novel fluorescent dyes show promise for both identifying 85 

and typing amyloid deposits. [7, 8]  86 

Choosing the biopsy site 87 

 Choosing the correct tissue or site to biopsy is crucial to avoid false negatives and delays 88 

to diagnosis.  Localised amyloidoses can only be diagnosed by biopsy of the affected organ or 89 

tissue. Systemic amyloidoses, however, may also be diagnosed by biopsy of a surrogate site such 90 

as the abdominal fat, bone marrow, or minor salivary gland.  The positive yield of such biopsies is 91 

dependent on both the surrogate site that is chosen and the type of amyloid deposits, with amyloid 92 

detection more likely in AL rather than transthyretin (ATTR) amyloidosis. See Figure 2 for a 93 

suggested algorithm for confirming the diagnosis of amyloidosis. 94 

 Biopsy of a clinically involved organ 95 

 Biopsy of a clinically involved organ such as the kidney or heart is the most sensitive 96 

method to diagnose amyloidosis and has the advantages of allowing the detection of concomitant 97 

pathologies in addition to providing more tissue for subsequent amyloid typing. [9] Since 98 

amyloidosis may cause vascular fragility and a bleeding diathesis, the safety of organ biopsy in this 99 
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setting has been questioned. However, in selected patients, the reported complication rates 100 

following organ biopsy are generally no higher among amyloidosis patients than controls. A review 101 

of complications of percutaneous renal biopsy from three teaching hospitals in the United 102 

Kingdom over a 25-year period showed that the bleeding risk was no higher among amyloidosis 103 

patients than those with other pathologies. [10] Similar findings were reported in a study of 101 104 

amyloidosis patients at the Mayo Clinic, [11] as well as a more recent study of 88 patients with 105 

systemic AA amyloidosis. [12] In the largest study evaluating the safety of endomyocardial biopsy 106 

in cardiac amyloidosis, 4 complications occurred after 73 procedures, resulting in a complication 107 

rate of approximately 5.5%, [13] which is similar to that reported for endomyocardial biopsy in 108 

general patient cohorts. [14] Liver biopsy has been associated with higher complication rates in 109 

amyloidosis, [15] though data regarding the safety of techniques such as transjugular biopsy are 110 

not available.  111 

Biopsy of a surrogate site 112 

 Though organ biopsy may be performed safely in selected patients with amyloidosis, it 113 

remains riskier than biopsy of a surrogate site, requires technical expertise to perform and is 114 

associated with greater patient discomfort. For these reasons, biopsy of a surrogate site, which 115 

offers reasonable diagnostic sensitivity, is often recommended as the first-line diagnostic 116 

investigation, particularly for suspected AL amyloidosis. [9, 16]  Importantly, a negative biopsy at 117 

a surrogate site does not exclude amyloidosis and should be followed by biopsy of an involved 118 

organ where the clinical suspicion remains high. [17] 119 

 The choice of which surrogate site to biopsy is informed by local expertise, as well as the 120 

type of amyloidosis that is suspected. For example, patients suspected of having systemic AL 121 

amyloidosis should undergo bone marrow biopsy, which may not only confirm amyloid 122 

histologically but also define the underlying plasma cell dyscrasia or lymphoproliferative disorder 123 

that is present.  124 
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Abdominal subcutaneous fat aspiration 125 

 Abdominal subcutaneous fat aspiration (ASFA) is the most commonly used technique to 126 

diagnose amyloidosis at a surrogate site. It requires minimal technical expertise, causes little patient 127 

discomfort, and may be performed at the bedside. A description of the procedure is available 128 

online. [18] The main limitation of the technique is that it often provides limited tissue, which may 129 

result in false negative biopsies or inadequate amyloid for subsequent typing. [19] As such, use of 130 

a large-bore needle is recommended (e.g. 16G) and aspiration should be performed at multiple 131 

sites on the abdominal wall if required. [18] The high diagnostic sensitivity for abdominal 132 

subcutaneous fat aspiration (ASFA) has often been reported by specialised amyloidosis centres, 133 

[20, 21] and may be difficult to achieve in non-specialist settings. [22] As such, collaboration 134 

between the clinician and the pathology service is required before this technique is put into 135 

practice.  136 

The technique was first evaluated in a 1973 study, which reported abnormal aspirates in 9 137 

of 28 patients with suspected systemic AA amyloidosis. [23] Further studies have since been 138 

undertaken using patients with biopsy-proven amyloidosis, with good sensitivity reported for 139 

systemic amyloidosis of AL or AA type. [20, 21, 24, 25] In 72 patients from the Mayo Clinic with 140 

systemic AL amyloidosis, the reported sensitivity of ASFA was 72%. [20] For patients with 141 

systemic AL amyloidosis with renal involvement, the sensitivity of ASFA has been reported to be 142 

higher (89.3%). [25] In a cohort of 120 patients attending a specialised amyloidosis centre in the 143 

Netherlands (70 with AL, 38 with AA, 12 with ATTR), the sensitivity of ASFA was 80% and 144 

increased to 93% when three smears were thoroughly examined by two observers. [21]  145 

 Lately, studies have evaluated the use of ASFA in patients with suspected cardiac 146 

amyloidosis as a means of avoiding endomyocardial biopsy. ASFA has high sensitivity in cardiac 147 

AL amyloidosis, but is far less sensitive for hereditary cardiac transthyretin amyloidosis, and is still 148 

less sensitive for acquired cardiac transthyretin amyloidosis: in a large study of 600 patients in UK, 149 

amyloid deposits were detected in 84%, 45% and 15% of cases, respectively. [26, 27] Similarly, in 150 
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a cohort of patients with biopsy-proven cardiac transthyretin amyloidosis attending the Mayo 151 

Clinic, the sensitivity of ASFA for the diagnosis of hereditary and acquired disease was 67% and 152 

14%, respectively. [27] 153 

Rectal biopsy 154 

 Whilst rectal biopsy, along with the abdominal subcutaneous fat, has been the surrogate 155 

site most often targeted to diagnose systemic amyloidosis, its usefulness has been supported by 156 

some [25, 28] but not all [29] studies.  In a cohort of 20 patients with systemic AL amyloidosis 157 

from the Mayo Clinic, 17 had abnormal rectal biopsies, giving a sensitivity of 85%. [30]  Amyloid 158 

deposition in the rectum most commonly occurs in the muscularis mucosae and submucosa and 159 

will be missed if the biopsy contains only mucosal tissue. [30]  Rectal biopsy requires patient 160 

preparation, causes some patient discomfort, and significant complications such as bleeding and 161 

perforation, though very rare, may occur. [31]  Importantly, in the setting of a negative ASFA, the 162 

yield of rectal biopsy has been reported to be low. [21]  Hence, rectal biopsy is no longer routinely 163 

recommended as a first line technique for amyloid diagnosis. 164 

Bone marrow biopsy 165 

 Bone marrow biopsy is a routine part of the evaluation of patients with suspected systemic 166 

AL amyloidosis. The core biopsy is the preferred sample for the detection of amyloid deposits, 167 

though amyloid may occasionally be seen on the aspirate. In systemic AL amyloidosis, amyloid 168 

deposition is seen in only 50-60% of cases. [32, 33] Amyloid deposits are limited to the blood 169 

vessels in about two-thirds of cases. [33] When bone marrow biopsy is combined with ASFA, 90% 170 

of patients with systemic AL amyloidosis will have evidence of amyloid deposition in one or both 171 

samples, which has led some authors to recommend these investigations in combination as part 172 

of the routine diagnostic workup for this disease. [34] 173 

 Amyloid deposits in the marrow should not be assumed to be of AL-type, even if a plasma 174 

cell dyscrasia is present. In a cohort of patients with hereditary or acquired cardiac transthyretin 175 

amyloidosis, amyloid deposition in the marrow was seen in 41% and 30% of patients, respectively. 176 
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[27] Similarly, amyloid deposition in the marrow is not uncommon in systemic AA amyloidosis, 177 

occurring in up to 80% of cases in small case series. [35, 36] 178 

Biopsy of other surrogate sites 179 

 Minor salivary gland biopsy (MSLB) involves the removal of one or more minor salivary 180 

glands via a small incision in the labial mucosa adjacent to the mandibular canine tooth. [37] 181 

Transient complications such as paraesthesiae and local swelling occur in approximately 10% of 182 

cases. [38] The procedure was first evaluated as a diagnostic tool for systemic amyloidosis in 1989. 183 

In a small cohort of 19 patients with suspected systemic AA amyloidosis from Peru, almost all of 184 

whom had antecedent tuberculosis, MSLB was positive in all cases, while being negative in all 11 185 

controls. [37] In a French study of 30 patients with biopsy-proven systemic AA or AL amyloidosis, 186 

the sensitivity of MSLB was 86%. [39] Similarly high sensitivities for the diagnosis of systemic AL 187 

amyloidosis have been reported by more recent studies. [40, 41] MSLB has also been found to be 188 

useful for the histological confirmation of amyloid in familial amyloid polyneuropathy (FAP), with 189 

amyloid deposition seen in up to 91% of cases. [42, 43] 190 

 Gingival biopsy has been used to diagnose amyloidosis, [44] but is less sensitive and is 191 

associated with more patient discomfort than biopsy at other sites. [45] Biopsy of clinically 192 

uninvolved skin is also insensitive, being positive in approximately 50% of cases of systemic AA 193 

and AL amyloidosis. [46] 194 

Characterisation of amyloid deposits 195 

 Once amyloid deposits have been detected in histological sections, the amyloid subtype 196 

must be determined. While the type of amyloidosis may be suggested by the clinical presentation 197 

or the results of genetic testing, definitive diagnosis requires identification of the amyloid fibril 198 

protein. [47] Diagnostic accuracy is of the utmost importance, as the various amyloidoses have 199 

disease-specific treatments and differ greatly in their prognoses.  200 
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Various methods have been used to characterise amyloid deposits in histological sections, 201 

with antibody-based techniques such as immunohistochemistry being the most common. More 202 

recently, mass spectrometry-based proteomic analysis has been shown to accurately characterise 203 

amyloid fibril proteins. [3] Modifications of the Congo red staining protocol, such as potassium 204 

permanganate pre-treatment (which abolishes the staining of AA amyloid with Congo red), were 205 

previously used for amyloid typing but are now considered obsolete. [6] 206 

Immunohistochemistry 207 

  Immunohistochemistry (IHC) involves the use of antibodies against normal or aberrant 208 

protein epitopes within amyloid as a means of amyloid typing (see Figures 1e and 1f). It is 209 

inexpensive, widely available, and, in expert centres, can often characterise the amyloidogenic 210 

protein. [48] In a recent report of 142 biopsies reviewed at the National Amyloidosis Centre in the 211 

United Kingdom, IHC was diagnostic in 108 (76%), and showed 100% concordance with the 212 

results of laser capture microdissection and mass spectrometry (LCM-MS) performed on the same 213 

samples. [48] Similar success with IHC has been reported by other centres, [49, 50] although in 214 

these studies the IHC results were verified only by correlation with ancillary clinical and laboratory 215 

data. Despite these findings, the performance of IHC is generally poor outside of specialised 216 

centres, owing to frequent inconclusive or misleading results (see Figure 2). [4, 51]   217 

 The pitfalls of IHC for amyloid typing are well-recognised. [52] Without use of a validated 218 

panel of antibodies, the rate of false positives and negatives is unacceptably high.  Background 219 

staining is common, and may be due to non-immunological binding or the presence of normal 220 

proteins containing epitopes targeted by the antibody in the extracellular space. [53] The latter 221 

problem often complicates the identification of AL amyloid, as antibodies targeting kappa or 222 

lambda light chains may bind normal immunoglobulins in the specimen. Serum proteins may 223 

become trapped in amyloid deposits (a phenomenon known as contamination), [54] resulting in 224 

false-positive results. Amyloidogenic proteins may lose some of their epitopes in the process of 225 

fibrillogenesis, resulting in poor or absent reactivity with commercial antibodies. [55] For example, 226 
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AL amyloid may be derived from immunoglobulin light chain fragments containing predominantly 227 

the variable region, leading to false-negative results when commercial antibodies targeting the 228 

constant region are used. [2] 229 

Immunofluorescence and immunoelectron microscopy 230 

 Immunofluorescence (IF) is similar to IHC, but uses antibodies labelled with fluorescent 231 

dyes against target epitopes, with the resultant staining pattern in tissue viewed using a fluorescence 232 

microscope. (see Figure 1d). As autofluorescence may occur with paraffin sections, frozen sections 233 

are generally used. The use of frozen sections avoids problems that may be caused or exacerbated 234 

by fixation, such as the alteration of antigenic sites and the trapping of plasma proteins within 235 

tissue. As such, limited antibody reactivity and background staining have been reported to be less 236 

of an impediment to successful antibody typing when IF, as opposed to IHC, is used. [56] 237 

 Similar to IHC, the use of IF for the characterisation of amyloid fibril proteins has been 238 

met with variable results. [57, 58] A recent Mayo Clinic study has evaluated the performance of IF 239 

for amyloid typing, using the results of laser capture microdissection and mass spectrometry 240 

(LCM-MS) as a reference standard. [59] In this study, the sensitivity and specificity of IF for the 241 

diagnosis of immunoglobulin-derived (i.e. AL, AH, or both) amyloidosis was 84.6% and 92.4%, 242 

respectively. Notably, five cases of systemic AA amyloidosis established by LCM-MS were 243 

diagnosed as immunoglobulin-derived amyloidosis by IF.  244 

 Immunoelectron microscopy (IEM) is a technique that combines IHC and electron 245 

microscopy. In this method, gold-labelled antibodies are used to characterise proteins within 246 

amyloid fibrils which have been identified by ultrastructural examination. [60] In a study of 423 247 

cases of systemic amyloidosis diagnosed at a specialised amyloidosis centre in Italy, IEM was 248 

reported to identify the amyloid type in over 99% of cases. [61]  However, the availability of IEM 249 

is limited and a lack of expertise precludes wider use.  250 

 251 

 252 
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Mass spectrometry-based proteomic typing 253 

 Given the pitfalls associated with antibody-based methods for the characterisation of 254 

amyloid fibrils proteins, direct chemical characterisation of proteins within amyloid deposits is 255 

desirable. Laser capture microdissection of amyloid deposits followed by tandem mass 256 

spectrometry (LCM-MS) has emerged as a valuable tool for the identification of amyloid fibril 257 

proteins. LCM-MS has been described in detail elsewhere. [62] Briefly, amyloid deposits that have 258 

been identified on Congo red-stained formalin-fixed paraffin-embedded (FFPE) sections are 259 

dissected free with a laser capture microscope.  The specimen is tryptically digested then subject 260 

to tandem mass spectrometry where the ionised peptides are dissociated into smaller fragments 261 

which are separated on the basis of their mass-to-charge ratios. Computer software is then used 262 

to analyse the resultant “fragmentation pattern” and compare it to reference protein databases for 263 

identification of the native protein. Since amyloid deposits contain other constituent proteins in 264 

addition to the fibrillogenic protein, these will also be detected by LCM-MS.  As these proteins 265 

(e.g. serum amyloid P) are present in all amyloid fibrils, they represent a “signature” to confirm 266 

the presence of amyloid.  267 

 In a landmark Mayo Clinic study, 50 diagnostic biopsy specimens from 50 patients with 268 

amyloidosis well-characterised on clinicopathological grounds were evaluated with LCM-MS. [3] 269 

LCM-MS was reported to identify the amyloid subtype with 100% sensitivity and specificity. In a 270 

further set of 41 biopsies from patients with cardiac amyloidosis, LCM-MS was able to identify 271 

the amyloid subtype in 98% of cases, whereas IHC was informative in only 42%. When both 272 

methods were informative, there was 100% concordance with LCM-MS and IHC. 273 

 The excellent performance of LCM-MS has been replicated by other studies. In a 274 

collaborative study undertaken by the National Amyloidosis Centre and the Mayo Clinic, accurate 275 

typing could be obtained using LCM-MS in 94% of cases, compared to 76% with IHC. [48] In a 276 

review of 131 biopsies received at an Australian amyloidosis referral centre, LCM-MS was able to 277 

identify an amyloidogenic protein in 121 cases (94%), while in a subset of 87 cases in which IHC 278 



 12 

was attempted, it was informative in only 39 (45%). LCM-MS has also been able to identify the 279 

amyloid subtype in cases where immunoelectron microscopy is inconclusive. [63] 280 

Non-biopsy diagnosis of cardiac transthyretin amyloidosis 281 

 Cardiac amyloidosis was first reported to demonstrate myocardial uptake on bone 282 

scintigraphy studies using radiolabelled phosphate derivatives in the late 1970s. [64] However, it 283 

was not until 2005 that the diagnostic utility of bone scintigraphy in cardiac amyloidosis was 284 

evaluated more formally.  In an Italian study [65] of 25 patients with histologically-confirmed 285 

cardiac amyloidosis (15 transthyretin-related, 10 AL) and 10 controls, bone scintigraphy was 286 

performed using the 99mTc-3,3-diphosphono-1,2-propanodicarboxylic acid (99mTc-DPD) tracer, 287 

with visual assessment of myocardial uptake scored using a simple ordinal scale (see Table 1). 288 

Myocardial uptake was present in all patients with cardiac transthyretin amyloidosis, but was absent 289 

in all cardiac AL amyloidosis patients as well as all controls.   290 

 These results inspired the development of an algorithm for the non-biopsy diagnosis of 291 

cardiac transthyretin amyloidosis, which was evaluated in a collaborative study involving 1217 292 

patients with suspected cardiac amyloidosis referred to specialised amyloid clinics in the United 293 

States and Europe. [1] In this study, the combined finding of grade 2 or 3 myocardial tracer uptake 294 

on bone scintigraphy and the absence of a monoclonal protein by serum and urine immunofixation 295 

electrophoresis and serum free light chain assay was 100% specific for cardiac transthyretin 296 

amyloidosis. Importantly, this study demonstrated that a minority of patients with cardiac AL 297 

amyloidosis, who will have evidence of a plasma cell dyscrasia in serum or urine in almost all cases, 298 

[66] may also show moderate or marked myocardial tracer uptake on bone scintigraphy. As such, 299 

cardiac transthyretin amyloidosis cannot be diagnosed on non-biopsy criteria if a plasma cell 300 

dyscrasia is present, and tissue biopsy is still required in this situation. 301 

 302 

 303 
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Conclusion 304 

 With the exception of cardiac transthyretin amyloidosis, the diagnosis of amyloidosis can 305 

only be made histologically, via the detection of amyloid on tissue biopsy. While biopsy of a 306 

clinically involved organ is associated with the highest diagnostic yield, biopsy of a surrogate site 307 

can also confirm the presence of amyloid, while being safer and more comfortable for the patient. 308 

The abdominal subcutaneous fat, bone marrow, and minor salivary gland are the surrogate sites 309 

most often used for amyloid detection. 310 

 Congo red staining should be used to confirm amyloid deposition.  Newer methods are 311 

not yet widely available.  Once amyloid is identified, subtyping must be performed to identify the 312 

amyloidogenic protein. This is of particular importance for patients with a plasma cell dyscrasia, 313 

who must not be presumed to have systemic AL amyloidosis. Typing of amyloid deposits should 314 

be undertaken only in specialist referral laboratories due to the grave consequences of 315 

misdiagnosis.  Antibody-based methods such as immunohistochemistry or immunoelectron 316 

microscopy are reasonable first-line investigations for amyloid typing in experienced laboratories.  317 

Where the amyloid subtype is not confirmed using antibody-based methods, laser capture followed 318 

by tandem mass spectrometry should be used as the method of choice for confirmation of amyloid 319 

fibril type.  320 

 321 
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