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Abstract:

Background:

Amyloidosis refers to a group of systemic and localized disorders associated with the accumulation of misfolded protein aggregates
called amyloids in different parts of the body. Owing to the existence of multiple forms of amyloids with similar tertiary structures,
precise identification of their biochemical form is critical for correct therapy.

Objective:

This retrospective study aimed to determine whether typing of oral amyloid deposits can help diagnose a serious systemic condition
in the early phase of the disease

Methods:

All histopathologically confirmed cases of amyloidosis managed over a 14-year period (January 1, 1997 to December 31, 2011) were
retrieved for analysis. Two board-certified oral and maxillofacial pathologists reviewed the histopathological findings of amyloidosis
on the basis of its classic Congo red staining characteristics. This was followed by immunohistochemical analysis of biopsy samples
using a panel of antibodies specific for different forms of amyloidosis.

Results:

The most common location of amyloidosis was the tongue, and women were more commonly affected than men. The patient age
ranged from 11 to 83 years (average 59.3 years). In patient 9, light-chain and pre-albumin (transthyretin) antibodies were related to
arthritis and senile amyloidosis, respectively. The biopsy sample of patient 10, who was reported to have multiple myeloma, was
positive for light chains and β2 microglobulin. All other samples exhibited localized (solitary) amyloidosis.

Conclusion:

Histological analysis coupled with immunostaining with a panel of specific antibodies might assist in identifying early systemic
amyloidosis in patients with localized oral forms of the disease.
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1. INTRODUCTION

Amyloidosis is the condition of accumulation of extracellular fibrillar proteins in organs and soft tissues, which can
be grouped as a localized or systemic disease. Although amyloids were first identified in the 19th century by Virchow,
the  etiology  and  pathological  process  of  amyloidosis  have  remained  unclear.  Currently,  30  different  types  of
amyloidosis are known, which occur because of protein misfolding [1]. Amyloidosis is classified on the basis of the
type of affected protein and the anatomical location of misfolded-protein deposits. The most frequent type of primary
amyloidosis  is  Immunoglobulin  (IGg)  light-chain  systemic  amyloidosis  (systemic  AL),  which  is  often  observed  in
individuals with multiple myeloma [2, 3]. Systemic AL is caused by specific mutations in monoclonal light chains,
which form partially folded structures that aggregate into oligomers and subsequently into highly-ordered cross-β-sheet
proteins. Secondary amyloidosis (systemic amyloid A amyloidosis) is caused by chronic inflammatory diseases such as
lupus, rheumatoid arthritis, tuberculosis, and inflammatory bowel disease, and it commonly affects the spleen, kidneys,
liver, adrenal glands, and lymph nodes [4].

Localized amyloidosis, which is more common than systemic amyloidosis and not associated with mortality [5],
includes organ-limited forms, formation of focal amyloid deposits, and senile amyloidosis [6]. Familial or hereditary
Amyloidosis  (Transthyretin-related  Amyloidosis;  ATTR)  is  caused  by  accumulation  of  a  mutant  form  of  the
Transthyretin (TTR) protein in the liver. In the elderly, wild-type TTR can also accumulate in the heart, a condition
called senile amyloidosis. Dialysis-related amyloidosis is observed in older adults who have been undergoing dialysis
for more than five years; the disease is characterized by the accumulation of β-2 microglobulin in bones, joints, and
tendons  [7].  The  25  distinct  biochemical  forms  of  amyloids  known to  date  possess  similar  tertiary  β-pleated-sheet
structures,  albeit  with  different  chemical  compositions  [8  -  10].  Correct  identification  of  amyloid  forms  is  critical
because treatment strategies vary with the disease type [5, 6].

Amyloidosis is generally diagnosed by hematoxylin and eosin staining of biopsy specimens, where amyloids appear
as amorphous pink-to-red areas, or by Congo red staining, where they exhibit green birefringence under polarized light.
Electron  microscopy  findings  show  that  all  amyloid  subtypes  are  constituted  of  7.5  to  10  nm  wide  simple,  non-
branching,  tubular  protein  strands  organized  into  a  network  [11].  Recently,  several  groups  have  performed
immunophenotyping of AL using multiparameter flow cytometry to determine whether detection of abnormal plasma-
cell clones in bone marrow could be useful for AL diagnosis and prognosis [12 - 15].

Amyloids are usually found in the tongue. When intra-oral amyloidosis is diagnosed, additional examinations are
needed to assess the functions of the systemic organs that are usually involved (e.g., the heart, liver, and kidneys) and to
exclude underlying plasma-cell disorders. The objective of this retrospective study was to determine whether typing of
oral amyloid deposits can be useful for diagnosing a serious systemic condition in the early phase of the disease. The
study was conducted in two phases. First, 13 oral biopsy specimens that were conclusively positive for amyloidosis
were reviewed to confirm the diagnosis, and relevant clinical data were collected. Next, immunohistochemical staining
was  performed  with  a  routine  antibody  panel  (against  kappa  and  lambda  light  chains,  ATTR,  and  amyloid  beta-2
microglobulin). The outcomes were additionally analyzed for their relationship with the medical status of the patients,
including clinical parameters and follow-up reports.

2. MATERIALS AND METHODS

2.1. Retrospective Review of Cases

Thirteen biopsy reports from January 1, 1997 to December 31, 2011, that showed diagnosis of amyloidosis from the
Department  of  Oral  Pathology at  the  University  of  Maryland (Baltimore)  were  retrieved.  For  all  cases,  two board-
certified oral and maxillofacial pathologists (NB and RC) reviewed and confirmed the histopathological findings of
amyloidosis  on  the  basis  of  its  classic  Congo  red  staining  characteristics.  The  following  clinical  information  was
summarized: Age, sex, location, medical history, and development of systemic or multifocal disease. The correlation
between clinical and immunohistochemical findings was analyzed and summarized Table 1. The study protocol was
reviewed and approved by the University of Maryland Institutional Review Board (Protocol #HP-00040308).

Table 1. Immunostaining results and patient medical characteristics.

Case # Age Sex Location Positive Antibody Medical Condition
1 80 F Tongue - -
2 - F Lip Kappa (κ) -



1038   The Open Dentistry Journal, 2018, Volume 12 Binmadi et al.

Case # Age Sex Location Positive Antibody Medical Condition
3 - - Palate Lambda (λ) -
4 46 M Lip Kappa (κ) -
5 79 F Gingiva - -
6 61 F Buccal Mucosa Kappa (κ) -
7 58 F Tongue β-2- microglobulin, pre-albumin -
8 75 M Palate Kappa (κ) -
9 83 M Tongue Lambda (λ), pre-albumin Arthritis, senile amyloidosis
10 52 F Tongue Kappa (κ),β-2- microglobulin Multiple myeloma
11 66 M Palate Lambda (λ) -
12 41 F Tongue Lambda (λ), β-2- microglobulin, pre-albumin Chronic backache, HIV+

13 11 F Gingiva Kappa (κ) Seizure
M: Male, F: Female

2.2. Immunohistochemistry

Fixed paraffin-embedded tissue blocks of 13 patients with amyloidosis were obtained and sectioned. The tissue
sections were stained for identifying the amyloid type. The slides were incubated overnight with primary polyclonal
antibodies  against  lambda (λ)  and kappa (κ)  light  chains  at  a  1:100 dilution  (DAKO, Carpenteria,  CA,  USA),  pre-
albumin (ATTR) antibodies at a 1: 400 dilution, and beta-2 microglobulin antibodies at a 1: 600 dilution at 4oC in a
humidity chamber.

The slides were then incubated for 1 hour at room temperature with secondary antibodies (1: 500 dilution; Vector
Laboratories,  Burlingame,  CA) in  1% bovine  serum albumin in  Phosphate-Buffered  Saline  (PBS).  They were  then
washed with PBS and incubated at room temperature with the avidin–biotin complex (Vector Stain Elite, ABC kit;
Vector  Laboratories,  Burlingame,  CA)  for  30  min  or  with  streptavidin  peroxidase  (LSAB2  HRP  kit;  DAKO,
Carpenteria,  CA, USA) for  10 min.  The tissue sections were treated using a  DAB peroxidase substrate  kit  (Vector
Laboratories, Burlingame, CA) and then counterstained with hematoxylin.

3. RESULTS

Thirteen biopsy reports over a 14-year period that showed diagnosis of amyloidosis were retrieved and reviewed.
The corresponding biopsy specimens had been excised from oral tissues with clinically obvious lesions. The specimens
had been collected from thirteen patients, including eight women, four men, and one patient of unspecified sex. Five
specimens were collected from the tongue, three from the palate, two from the gingiva, two from lips, and one from
buccal mucosa. After examining the slides stained with hematoxylin and eosin, tissue segments from these cases were
stained  with  Congo red,  upon which  the  amyloid  deposits  showed apple-green  birefringence  under  polarized  light,
(Table 1, (Fig. 1)).

Fig. (1). (A) An incisional biopsy from the dorsal tongue of case number 9 was performed and histological examination showed an
eosinophilic  amorphous  material  in  the  connective  tissue  beneath  the  epithelium  with  a  few  inflammatory  cells.  (B)  A  red
homogenous material with cracking artifact was visible in tissue sections stained with Congo red, and (C) The same area showed an
apple green birefringence under polarized light. These findings were consistent with the diagnosis of amyloidosis.

The most common location of amyloidosis was the tongue. Women were more commonly affected than men, with
an incidence ratio of 2:1. The patient age ranged from 11 to 83 years, with an average age of 59.3 years. In patient 9

A C B 

(Table 1) contd.....
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Fig.  (2),  the  positive  results  of  immunostaining with  light-chain  and pre-albumin (TTR) antibodies  were  related to
arthritis  and senile  amyloidosis,  respectively.  The biopsy sample  of  patient  10,  who was  reported  to  have  multiple
myeloma,  was  positive  for  light  chains  and  β-2  microglobulin.  Specimens  of  all  other  cases  exhibited  localized
(solitary) amyloidosis with no evidence of systemic correlation Table 1.

Fig. (2). (A) Lambda light chain-positive (*, 20X) and (B) pre-albumin-positive (*, 20X) immunohistochemistry for case number 9.

4. DISCUSSION

In this retrospective study, we performed immunostaining with a panel of antibodies specific for various precursor
amyloid  proteins  in  order  to  detect  the  onset  of  the  early  systemic  phase  of  amyloidosis  and  the  extent  of  organ
involvement  in  thirteen  patients  diagnosed  with  oral  amyloidosis.  The  biopsy  and  immunostaining  results  were
correlated with the medical history of the patients to derive a relationship between the findings of immunostaining-
based  immunophenotyping  and  the  possibility  of  developing  systemic  amyloidosis.  Given  that  the  pathogenesis  of
amyloidosis is unclear, it is possible that amyloids are either synthesized on-site or might leak from blood vessels to
accumulate  at  the  site  of  deposition  (the  oral  cavity  in  this  case).  We observed  that  women  were  more  commonly
affected than men and that the tongue was the most common location of amyloidosis, unlike the findings of Stoopler et
al., who reported that intraoral amyloid deposits were most commonly found in the buccal mucosa [3]. However, our
findings are consistent with those of Matsuo et al., who found that oral amyloidosis occurred most commonly in the
tongue and among women in their study [16].  The immunophenotyping results of two patients in the present study
showed an association with multiple myeloma and arthritis-related senile amyloidosis, whereas those of other patients
showed localized amyloidosis of the oral cavity, with no systemic correlation. However, the positive results might not
indicate the presence of the disease since immunohistochemistry may be used for typing amyloidosis but cannot be used
to confirm the underlying condition.

Accurate and rapid diagnosis of amyloidosis is mandatory to avoid complication of underlying conditions and to
determine if the disease is systemic and to decide the appropriate management. Localized oral amyloidosis is usually
associated  with  inflammatory  processes  of  infectious  diseases  and  can  be  treated  surgically  without  further
consequences [17]. The specialist of oral medicine or surgery should collaborate with medical disciplines to plan a
diagnostic workup for oral amyloidosis patients [18].

Existing diagnostic methods for amyloidosis are varied and unreliable. Manabe et al., used Liquid Chromatography-
Mass Spectrometry (LC/MS) to detect IgG heavy-chain λ monoclonal gammopathy in a patient with rare IgG Heavy-
Chain Amyloidosis (AH) who exhibited negative results for renal-tissue IgG immunostaining [19]. The same truncated
heavy  chain  was  identified  upon  LC/MS  of  a  protein  isolated  from  the  patient’s  serum,  which  suggested  that  the
truncated serum protein was an indication of the amyloid protein and that LC/MS is a reliable diagnostic apparatus for
renal AH. However, this approach is cost-, technology- and skill-intensive and, therefore, might not be amenable for
regular clinical use.

Immunostaining has been the method of choice for early detection of different forms of amyloidosis, which helps in
assessing the prognosis and therapeutic protocol for the disease. For example, in a previous study, Familial Amyloid
Polyneuropathy (FAP) in the vitreous was diagnosed by immunostaining Congo-red-negative biopsy samples of the
vitreous with specific antibodies, indicating that early onset of FAP can be detected in patients with negative systemic
tissue-biopsy  results  or  ocular  involvement  [20].  Recently,  Hahn  et  al.,  used  a  fluorescent  amyloid  tag,  h-FTAA
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(heptamer Formyl Thiophene Acetic Acid; an anti-TTR antibody), and Congo red to recognize TTR amyloid proteins in
carpal-tunnel syndrome; the authors observed that h-FTAA fluorescence and TTR immunostaining were superior to
Congo red staining for positive diagnosis of ATTR [21].

Multiparameter Flow Cytometry (MFC) is another approach used for distinguishing different types of amyloidosis
and determining the prognosis. Paiva et al., observed that MFC immunophenotyping of monoclonal plasma cells could
be useful for distinguishing AL from other forms of amyloidosis and that patients with a relatively high number of
normal plasma cells had a relatively long overall survival duration [13]. Muchtar et al., used MFC to determine the
monotypic-to-polytypic plasma-cell ratio in patients with AL and correlated it with overall survival and progression-
free survival durations, showing that MFC-immunophenotyping is a useful clinical tool for assessing disease prognosis
[15]. However, to the best of our knowledge, no study has attempted to distinguish different types of amyloidosis on the
basis  of  immunostaining  findings  or  to  use  the  immunophenotype  of  localized  oral  amyloids  as  an  indicator  for
systemic disease. Therefore, our study provides a potential approach for analyzing the possibility of detecting systemic
amyloidosis in patients with solitary forms of the disease.

Nevertheless, the results of immunohistochemical staining are frequently imprecise. On the other hand, the findings
of immunogold electron microscopy are accurate, depending on serological findings. Advances in diagnostic testing,
such as MFC and radioactive-tracer (99 m technetium phosphate or aprotinin) imaging [22, 23], can help identify the
type of amyloidosis with high reliability and accuracy. In fact, 99 m Tc phosphate can distinguish between ATTR and
AL in cardiac tissues [21]. Our study is also limited by the number of biopsy specimens used. Future studies should be
performed with a larger cohort of patients for more reliable results.

CONCLUSION

Immunophenotyping of oral amyloidosis can be helpful for early detection of the underlying systemic disease and/or
malignancy. In our study, we detected a correlation between the immunophenotyping results of localized oral forms of
amyloidosis and the underlying systemic disease in two cases. However, additional studies and accurate diagnostic tests
are  warranted  to  further  support  oral  amyloidosis  as  a  potential  indicator  of  the  presence  of  systemic  disease  or
underlying malignancy.

LIST OF ABBREVIATIONS

AH = Immunoglobulin Heavy-chain Amyloidosis

AL = Immunoglobulin Light-chain Amyloidosis

ATTR = Transthyretin-Related Amyloidosis

FAP = Familial Amyloid Polyneuropathy

h-FTAA = heptamer Formyl Thiophene Acetic Acid

IGg = Immunoglobulin

LC/MS = Liquid Chromatography/Mass Spectrometry

MFC = Multiparameter Flow Cytometry

PBS = Phosphate Buffered Saline

Tc = Technetium

TTR = Transthyretin
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