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Application of fluorescence spectroscopy in the amyloidosis

diagnosis: a preliminary report
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Summary

The aim of this study was to evaluate the usefulness of
fluorescence spectroscopy studies in the diagnosis of secondary
AA amyloidosis. Histopathological, immunohistochemical and
fluorescence spectroscopy evaluations of abdominal fat tissue
specimens of 12 patients with rheumatoid arthritis (RA) and
secondary amyloidosis were performed. The control group
comprised 8 RA patients with clinical suspicion of amyloidosis,
unconfirmed in histopathological examination. In 9 cases, the
analysis of autofluorescence spectra showed differences between
the slices containing amyloid deposits and healthy tissue.
A characteristic feature of tissue slices with amyloidosis was
the appearance of a second maximum in the fluorescence
spectrum chart. In 3 cases, the shape of the fluorescence spectra
did not enable an unequivocal differential diagnosis. The
histopathological tissue examination remains the gold standard in
the diagnosis of amyloidosis. Preliminary results indicate that the
fluorescence spectrum analysis can be a diagnosis support
method, but to assess its usefulness the group of patients needs
to be increased.

Introduction

Amyloidosis comprises a heterogeneous group of
diseases characterized by extracellular deposition of
amorphous and insoluble proteinaceous substance

Streszczenie

Celem pracy byta ocena przydatnosci badan spektroskopii fluores-
cencyjnej w diagnostyce wtdrnej amyloidozy AA. Przebadano
wycinki tkanki ttuszczowej brzucha metoda histopatologiczna,
immunohistochemiczng i metoda spektroskopii fluorescencyjnej
u 12 chorych na reumatoidalne zapalenie stawdw (RZS) powiktane
wtérng amyloidoza. Grupe kontrolg stanowito 8 chorych na RZS
z klinicznym podejrzeniem amyloidozy, niepotwierdzonym
histopatologicznie. W 9 przypadkach analiza widm autofluores-
cencji wykazata réznice pomiedzy wycinkami zawierajacymi ztogi
amyloidu a tkankg zdrowa. Cechg charakterystyczna wycinkéw
tkanki z amyloidoza byto pojawienie sie drugiego maksimum
w wykresie widma fluorescencji. W 3 przypadkach ksztatt widm
fluorescencji nie pozwalat na jednoznaczna diagnostyke rézni-
cowa. Tkankowe badanie histopatologiczne pozostaje nadal zto-
tym standardem w diagnostyce amyloidozy. Wstepne wyniki
badan wskazuja, ze analiza widma fluorescencji moze by¢ metoda
wspomagajaca rozpoznanie, ale w celu oceny jej przydatnosci
nalezy zwiekszy¢ grupe badanych chorych.

called amyloid stainable with Congo red, characterized
by green birefringence in polarized light and consist-
ing of polypeptide chains of beta conformation. This
pathogenic mechanism generates various clinical syn-
dromes depending on the site and extent of organ
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involvement. Amyloid chains are built from a variety of
normal or aberrant serum proteins, which reveal bio-
chemical differences, what is the basis for distinguish-
ing about 25 types of amyloid. The most common type
of amyloid includes immunoglobulin light chains amy-
loid (AL), which is present in the primary amyloidosis
or amyloidosis associated with plasma cell dyscrasias,
transthyretin-related amyloid characteristic of senile
amyloidosis (AS) and some forms of familial amyloido-
sis connected with about 80 mutations of the
transthyretin coding gene (ATTR) as well as AA amyloid
(reactive or post-inflammatory). The therapeutic
approach in amyloidosis is bidirectional and consists
of symptomatic treatment depending on improve-
ment in the function of occupied organs, and if possi-
ble, causal treatment directed to decrease or eliminate
the production of abnormal amyloid protein. Despite
progress in treatment, prognosis in this disease is still
poor and depends on the accompanying disease, amy-
loidosis type and the degree of organ failure. Early
diagnosis of amyloidosis is essential for the further
course of the disease, because patients with advanced
amyloidosis are usually in poor condition, unable to
undergo intensive causal therapy [1].

Patients with systemic amyloidosis are often diag-
nosed by a rheumatologist, because secondary AA
amyloidosis may be a complication of chronic rheu-
matic diseases such as rheumatoid arthritis (RA), juve-
nile idiopathic arthritis, ankylosing spondylitis, psori-
atic arthritis, and Behcet's syndrome [2-4]. AA
amyloidosis is caused by deposition of amyloid fibrils,
which are derived from the acute-phase reactant
serum amyloid protein A (SAA). Nephropathy with pro-
teinuria is a major clinical symptom, for which
patients with rheumatoid arthritis should be evaluat-
ed routinely. The valuable methods of the diagnosis
and monitoring of the disease comprise assessment
of the concentration of protein SAA in serum and
scintigraphy using the human serum P protein. In pre-
vention and treatment of AA amyloidosis the drugs
that inhibit the production of SAA are used [5].

Clinical data and laboratory tests can only raise the
suspicion of amyloidosis, but diagnosis of amyloidosis is
still based on the detection of deposits in tissues. In the
case of suspicion of systemic amyloidosis a biopsy of the
involved organ (i.e. kidney or heart) is unnecessary. A rela-
tively simple and safe diagnostic test is the abdominal fat
tissue biopsy or biopsy of rectal mucosa. The amyloid
deposits are detectable by Congo red staining and must be
examined under polarized light for the presence of apple-
green birefringence. The type of amyloidosis is evaluated
by immunohistochemical staining using monoclonal anti-
bodies against the major amyloid proteins: P and A amy-

loid components, light chains, k and A immunoglobulin
light chains as well as transthyretin. Amyloid fibrils may be
evaluated in electron microscopy [6].

Fluorescence spectroscopy is an alternative diagnos-
tic method already used in the diagnosis and monitoring
of neoplasms [7, 8]. The advantages of these studies
include their objectivity, short time of performance and
the ability to detect very subtle changes in the sample.
So far little attention in the literature has been paid to
studies using fluorescence spectroscopy in the diagnosis
of rheumatic diseases. In our earlier work concerning
the application of fluorescence in medical diagnosis [9,
10] significant differences in the spectra of fluorescence
were observed even in the most basic research per-
formed in the field of fluorescence spectroscopy, simpler
than those currently used in the diagnosis of neoplasms
and Alzheimer's disease [11].
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Fig. 1. Summary of the fluorescence spectra of
control tissue specimens. The distinct maxi-
mum at a wavelength within 350 nm is present.
Excitation wavelength was 250 nm. Emission
spectra were recorded in the range from 260 nm
to 490 nm. Intensity of each fluorescence spec-
tra has been normalized to the unity in order to
avoid differences arising from the difference in
signal intensities for each of the tested speci-
mens.

Ryc. 1. Zbiorcze widma fluorescencji wycinkow
tkanki kontrolnej. Widoczne wyrazne maksimum
przy dtugosci fali w granicach 350 nm. Dtugos¢
fali wzbudzenia wynosita 250 nm. Widma emisji
zostaly zarejestrowane w przedziale 260-490 nm.
Natezenia widm zostaty unormowane do jed-
nosci w celu unikniecia réznic wynikajacych
z réznicy natezen sygnatow dla kazdego
z badanych wycinkéw.
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The aim of this study was to evaluate the usefulness
of fluorescence spectroscopy studies in the diagnosis of
AA amyloidosis, a complication of RA.

Material and methods

We examined 20 patients with RA (19 women, aver-
age age 56.5 years) with clinical suspicion of amyloidosis
(proteinuric renal dysfunction in laboratory studies).
Abdominal fat tissue specimens taken to establish the
diagnosis were fixed in 10% formalin, routinely
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processed and embedded in paraffin wax. 2 pm thick
sections were cut, stained with the Congo red and
observed under polarization microscopy. In all cases,
immunohistochemical studies were done using the
EnVision™ Detection system (DAKO) and the following
monoclonal antibodies: amyloid A component, amyloid P
component, transthyretin, k and A light chains (DAKO).
Fluorescence spectroscopy was investigated in undyed
tissue slices on slides tailored primary and dewaxed in
xylene.
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Fig. 2. Separated fluorescence spectra of control tissue specimens. All of them are similar with the excep-
tion of the spectrum in Fig. 2d. Excitation wavelength was 250 nm. Emission spectra were recorded in the
range from 260 nm to 490 nm. Intensity of each fluorescence spectra has been normalized to the unity in
order to avoid differences arising from the difference in signal intensities for each of the tested specimens.
Ryc. 2. Poszczegélne widma fluorescencji wycinkéw tkanki kontrolnej. Wszystkie maja podobny przebieg
z wyjgtkiem widma na wykresie 2d. Dtugos¢ fali wzbudzenia wynosita 250 nm. Widma emisji zostaty zareje-
strowane w przedziale 260-490 nm. Natezenia widm zostaty unormowane do jednosci w celu unikniecia
réznic wynikajgcych z réznicy natezen sygnatow dla kazdego z badanych wycinkéw.
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Measurements of fluorescence spectra of the samples
were taken using spectrofluorimeter Hitachi F-2500. Scan-
ning of the spectral distribution of intensity of fluorescence
was performed at a rate of 1500 nm/min and spectral res-
olution of 2.5 nm. Since the samples were placed on glass
slides that are not transparent to UV light, a special holder
was built there for fluorescence excitation and detection of
the front of the sample, i.e. without the plate. Excitation
wavelength was falling on the surface of the sample at an
angle of 60 degrees, while the fluorescence light was
measured in a direction perpendicular to the sample sur-
face. Such an experimental setup eliminated excitation
light access to the channel detection, on the other hand it
led to the most effective measurement of fluorescence
intensity. For all tested samples, the measurements of flu-
orescence spectra for a range of wavelengths of light exci-
tation were carried out.

Results and discussion

In 12 patients on the basis of histopathological and
immunohistochemical examination of abdominal adi-
pose tissue secondary AA amyloidosis was diagnosed. In
8 patients, despite clinical suspicion, amyloidosis was
excluded (control group). In 9 patients with histopatho-
logically confirmed AA amyloidosis, analysis of autofluo-
rescence spectra showed differences between the slices
containing amyloid deposits and healthy tissue. In three
cases, the shape of the fluorescence spectra did not
enable an unequivocal differential diagnosis.

The control tissue specimens were characterized by
fluorescence spectra with a clear maximum, appearing
at a wavelength within 350 nm (Fig. 1). In order to
enhance the visibility of the shape of the fluorescence
spectrum, the same spectrum is shown in Figures 2a-d.
All of them have a similar course with the exception of
the spectrum in Figure 2d, for which the initial value of
the intensity ranged from 0.8. In the fluorescence spec-
tra of tissue specimens with amyloid deposit two maxi-
ma were observed (Fig. 3 and Fig. 4a, 4c and 4d). The first
maximum was evident at a wavelength in the vicinity of
300 nm, a second maximum at a wavelength within 350
nm. It was also the highest value of intensity for the
whole spectrum — as was the case for the spectra
obtained from control tissue slices. The spectra present-
ed in Fig. 4b of the first maximum are not apparent,
therefore, it was impossible to differentiate between tis-
sues with amyloidosis and control tissues. Figures 5a-d
show one selected fluorescence spectrum of tissue
specimens and control tissue specimens had been diag-
nosed with amyloidosis. A characteristic feature in the
spectrum of fluorescence of tissue slices with amyloido-
sis is the emergence of a second maximum in the fluo-
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Fig. 3. Summary of the fluorescence spectra of
tissue specimens with amyloidosis. Excitation
wavelength was 250 nm. See two peaks: at
a wavelength below 300 nm and at a wave-
length within 350 nm. Emission spectra were
recorded in the range from 260 nm to 490 nm.
Intensity of each fluorescence spectra has been
normalized to unity in order to avoid differ-
ences arising from the difference in signal
intensities for each of the tested specimens.
Ryc. 3. Zbiorcze widma fluorescencji wycinkow
tkanki z obecnoscig ztogow amyloidu. Widoczne
dwa maksima: przy dtugosci fali mniejszej niz
300 nm i przy dtugosci fali w granicach 350 nm.
Dtugos¢ fali wzbudzenia wynosita 250 nm. Wid-
ma emisji zostaty zarejestrowane w przedziale
260-490 nm. Natezenia widm zostaty unor-
mowane do jednosci w celu unikniecia réznic
wynikajgcych z réznicy natezen sygnatow dla
kazdego z badanych wycinkéw.

rescence spectrum chart. Based on the presence of
a second maximum, we propose distinguishing between
tissue with amyloidosis and amyloid-free tissue. The
studies were based on the phenomenon of autofluores-
cence. The fluorescence spectra were obtained only
from the fluorescence signal of molecules, which spon-
taneously occurred in the examined tissue sections.
Most studies for recording fluorescence spectra using
spectrophotometers as well as the analysis of images
obtained by fluorescence microscopy, preparations are
introduced into additional dyes, which are used to
obtain the fluorescence signal. In that case, the phe-
nomenon of autofluorescence may cause the misstate-
ment in the results [12]. Research carried out in the
1980s [13] was one of the first attempts to detect amy-
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Fig. 4. Separated fluorescence spectra of tissue specimens with amyloidosis. Figure (b) shows the spectra
differing in shape from the others — for these three spectra, the diagnosis on the basis on the fluorescence
spectrum would not be correct. Excitation wavelength was 250 nm. Emission spectra were recorded in the
range from 260 nm to 490 nm. Intensity of each fluorescence spectra has been normalized to unity in order
to avoid differences arising from the difference in signal intensities for each of the tested specimens.

Ryc. 4. Poszczegdlne widma fluorescencji wycinkéw tkanki z ztogami amyloidu. Wykres (b) przedstawia wid-
ma rézniqce sie ksztattem od pozostatych — dla tych trzech widm rozpoznanie na podstawie widma fluores-
cengji nie bytoby prawidtowe. Dtugos¢ fali wzbudzenia wynosita 250 nm. Widma emisji zostaty zareje-
strowane w przedziale 260-490 nm. NateZenia widm zostaty unormowane do jednosci w celu unikniecia
réznic wynikajacych z réznicy natezen sygnatow dla kazdego z badanych wycinkéw.

loid deposits. This method was also based on artificial
introduction fluorophores and observation of changes in
the intensity of their fluorescence. The study confirmed
that the presence of amyloid significantly raised the
intensity of the fluorescence signal. Unfortunately, not
in all cases, the shape of fluorescence spectra allowed to
differentiate between normal tissue and tissue contain-
ing amyloid deposits. Perhaps the greater sensitivity
in this case would provide the time-resolved studies,

Reumatologia 2010; 48/4

in which fluorescence lifetime is measured. Change of
the environment, which is the appearance of amyloid
deposits in the cell, may affect the change in fluores-
cence lifetime. Currently, the use of fluorescence lifetime
measurements for fluorophores artificially introduced
into the sample can already detect amyloid deposits [14].
Another interesting alternative research based on the
phenomenon of fluorescence may be the use of fluores-
cence microscopy along with the phenomenon of total
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Fig. 5. Comparison of fluorescence spectra of selected specimens with diagnosed secondary amyloidosis
with control tissue slices. Excitation wavelength was 250 nm. Emission spectra were recorded in the range
from 260 nm to 490 nm. Intensity of each fluorescence spectra has been normalized to unity in order to
avoid differences arising from the difference in signal intensities for each of the tested specimens.

Ryc. 5. Poréwnanie wybranych widm fluorescencji wycinkéw ze ztogami amyloidu z wycinkami tkanki
kontrolnej. Dtugos¢ fali wzbudzenia wynosita 250 nm. Widma emisji zostaty zarejestrowane w przedziale
260-490 nm. Natezenia widm zostaty unormowane do jednosci w celu unikniecia réznic wynikajgcych
z réznicy natezen sygnatéw dla kazdego z badanych wycinkéw.

internal reflection, which allows very precise observation
of the thin film preparation. Recently published results
of these studies indicate that use of the laser light can
both prevent the formation of amyloid deposits and
destroy them [15].

Conclusion

The histopathological tissue examination remains
the gold standard in the diagnosis of amyloidosis. Pre-
liminary results indicate that the fluorescence spectrum
analysis can be a diagnosis support method, but to

assess its usefulness a larger group of patients as well
as examination of other tissues (i.e. rectal or gingival
mucosa) is needed.
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