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Abstract: Objective: Our aim was to investigate clinical and laboratory characteristics of osteoarthritic patients who
had amyloid deposition in their knee joints. Methods: Synovial membranes were obtained from 36 patients with knee
osteoarthritis (OA) who underwent joint replacement surgery. From this sample, the diagnosis of amyloid was deter-
mined by Congo red staining, which demonstrated apple-green birefringence under a polarized microscope. All syn-
ovial membranes were immunohistochemically characterized for the expressions of amyloid immunoglobulin light
chain (AL-k and AL-A), serum amyloid-A (SAA), amyloidogenic transthyretin (ATTR), and amyloidogenic B2-
microglobulin (AB2M). Matrix-assisted laser desorption-ionizaton/time of flight mass spectrometry (MALDI-TOF MS)
was used to analyze transthyretin (TTR) isoforms in the serum of each patient. Results: Nine cases (25%) were found
to be amyloid-positive. Immunohistochemically, eight cases (88.9%) had ATTR deposition, and one sample (11.1%)
was shown to be AL-k-positive. MALDI-TOF MS identified that the TTR in the serum of the patients was unmodified
wild-type TTR, TTR-Cys-S-S-Cys, and TTR-Cys-S-S-CysGly. The age at surgery and the disease duration were sig-
nificantly higher in the ATTR-positive group than in the ATTR-negative group. Knee score and function score were
significantly lower in the ATTR-positive group than in the ATTR-negative group. Conclusions: Amyloid deposition in
synovial membranes of OA patients was found to be ATTR and AL-k. TTR in the serum of the patients was unmodified
wild-type TTR together with two isoforms. The high age at surgery, long disease duration, and a deteriorated knee
function were associated with ATTR amyloid deposition in the osteoarthritic knee joints.
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1 Introduction margins. Clinical manifestations include pain, stiff-

ness, bony enlargement, and swelling, which ulti-

Osteoarthritis (OA) is a chronic disease associ-
ated with damage to the joint cartilage and sur-
rounding tissues and is characterized by progressive
degeneration of the joints, sclerosis of the subchon-
dral bone, and formation of new bone at the joint
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mately lead to some degree of disability. Joint re-
placement surgery may be needed for severe pain or
progressive joint destruction. With substantial re-
search conducted on OA worldwide, the pathogenesis
of the disease still remains uncertain. Previous reports
demonstrated that inflammation in the synovial tissue
may play a critical role in the pathophysiology of OA
(Ray and Ray, 2008). Increased mononuclear cell
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infiltration and overexpression of proinflammatory
mediators were observed in both the early and late OA
stages (Benito et al., 2005).

Serenson and Christensen (1973) found local
amyloid deposition in the hip joint capsule in patients
with OA, which was related to tissue degeneration.
Egan et al. (1982) made a new observation that am-
yloid was often located at the articular cartilage sur-
face of osteoarthritic knees or hips. Thereafter,
Ladefoged (1983) described amyloid deposits in the
articular capsule from osteoarthritic hip joints asso-
ciated with secondary chondromatosis, pyrophos-
phate deposits, and inflammatory cell infiltration.
Thus, we hypothesized that amyloidosis of the syno-
vial tissue was a general phenomenon in patients with
OA and was associated with progressive joint de-
struction. We then attempted to analyze the amyloid
proteins in OA patients who underwent joint re-
placement surgery.

Thirty different types of amyloidosis have been
described. The most frequent amyloid disorder is
immunoglobulin light chain (AL) amyloidosis. It is an
acquired plasma cell disease in which a monoclonal
AL is produced in the body. Amyloid A (AA) amy-
loidosis is a disorder characterized by the deposition
of serum amyloid A (SAA), which is associated with
chronic inflammation. Hereditary (familial) amyloi-
dosis is a diverse genetic entity, which is caused by
the amyloidogenic mutations in genes encoding
normal proteins such as amyloidogenic transthyretin
(ATTR), apolipoprotein (AApo), Al fibrinogen
(AFib), and lysozyme (ALys). Among these, the most
common form of familial amyloidosis is ATTR.
However, Solomon et al. (2006) described that the
amyloid in the knee menisci was formed from Apo
A-I that was produced by chondrocytes within the
meniscal cartilage. In the group of senile amyloidosis,
wild-type ATTR was found predominantly in the
tissues. Amyloidogenic B2-microglobulin (AB2M) is
a dialysis-related complication which is found in
almost half of patients with hemodialysis. Hurst et al.
(1989) made a survey of 95 patients with dialysis-
related arthropathy, and they found that AB2M depo-
sition could cause joint destruction, which indicates
the possibility of AB2M amyloidosis in osteoarthritic
knee joints.

In patients with amyloid deposition, it is essen-
tial to determine the protein subtypes of the amyloid

deposits. Precise identification of the amyloid sub-
type is imperative for appropriate treatment. Thus, the
aggregation of amyloid protein in synovial mem-
branes from patients with knee OA was analyzed in
our study. Moreover, there are no previous studies
assessing the relationship between patients’ charac-
teristics and the presence of amyloid in patients with
knee OA. We sought to investigate the clinical and
laboratory characteristics of patients having amyloid
deposition in knee joints, which would be of great
help to further illustrate amyloid deposition in the
joint as a possible pathogenic mechanism in OA.

2 Materials and methods
2.1 Patients

Thirty-six OA patients, including 20 females
and 16 males with a median age of 66 years who
underwent joint replacement surgery were consecu-
tively recruited for the study. Blood samples col-
lected from another 36 healthy individuals were used
as a normal control. The OA patients were matched
with the normal controls for age and gender. Knee
OA was diagnosed on the basis of the American
College of Rheumatology (ACR) clinical classifica-
tion criteria (Altman et al., 1986). Patients with other
chronic diseases capable of inducing amyloidosis
were excluded from the study. The knee and func-
tion scores were assessed separately according to the
Knee Society Clinical Rating System (Insall et al.,
1989).

2.2 Laboratory investigation

Prior to surgery, all patients were screened by
routine laboratory tests, including blood tests and
urine analysis. The C-reactive protein (CRP) and IgM
rheumatoid factor (RF) were measured by enzyme-
linked immunosorbent assay (ELISA).

2.3 Synovial tissue section

Surgical specimens of synovial membranes were
fixed in 10% formalin and embedded in paraffin
immediately after knee joint replacement surgery.
Consecutive sections of synovial membranes were
used for staining with alkaline Congo red for the
polarized microscopy and with monoclonal antibod-
ies for the immunohistochemical tests.
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2.4 Congo red staining

Deparaffinized tissue sections (n=36) were in-
cubated for 30 min with 80% ethanol saturated with
NaCl followed by 0.5% Congo red in 80% ethanol
saturated with NaCl. Amyloid deposition was char-
acterized by the reddish color in Congo red staining
and confirmed by apple-green birefringence under a
polarized microscope.

2.5 Immunohistochemical staining

According to the manufacturer’s instructions,
immunohistochemical tests were performed on syn-
ovial tissues (n=36) using monoclonal antibodies
against AL-x, AL-A, SAA, ATTR, and AB2M (As-
sayPro, Winfield, MO, USA), respectively. Immu-
noreactivity was visualized with a DAB Liquid Sys-
tem (DAKO, Glostrup, Denmark) as described by the
manufacturer.

2.6 Immunoprecipitation and matrix-assisted
laser desorption-ionizaton/time of flight mass
spectrometry (MALDI-TOF MS)

TTR was immunoprecipitated from serum of
each patient and analyzed by MALDI-TOF MS as
described by Tachibana et al. (1999) with minor
modifications. Briefly, 500 ul of serum was incubated

with 30 pl of rabbit anti-TTR antibody for 12 h at 4 °C.

After centrifugation at 9000xg for 15 min, the pre-
cipitate was washed twice with 100 pl of saline and
twice with 100 pl of distilled water (DH,0). Next, the
precipitate was dissolved in 30 pl of solution con-
taining 4% acetic acid and 4% acetonitrile. The mix-
ture was then passed through a 1000-kDa TTR cen-
trifugal concentrator (Pall Filtron Northborongh, MA,
USA). The pass-through fraction was mixed with
0.1% trifluoroacetic acid saturated with sinapinic acid
for MALDI-TOF MS. The mass spectrometer (Bruker
Franzen Analytik GmbH, Bremen, Germany) oper-
ated at a wavelength of 337 nm. The spectrum of
TTR was obtained using an ion accelerating voltage
of 27.5 kV and a reflection voltage of 30 kV. The
instrument was externally calibrated using a horse
myoglobin (m/z 16952.27) (Kingsbury et al., 2007).

2.7 Statistical analysis

The Mann-Whitney test was used to compare
differences between two unpaired groups. The
Wilcoxon signed-rank test was used when comparing

two matched groups with a non-normal distribution or
unequal variance. The correlation of the nonpara-
metric statistics was analyzed by a Spearman rank test.
For all the analyses, a two-sided P value less than
0.05 was considered to be significant. Statistical
analysis was performed with the software PASW
statistics 18.

3 Results
3.1 General characteristics of patients with knee OA

Thirty-six consecutive patients (20 females and
16 males) undergoing joint replacement surgery were
included in the study. The patients with amyloid did
not differ in occupation, marital status, and religious
background from the non-amyloid patients.

3.2 Identification of amyloid deposition by Congo
red and the polarized microscope

Amyloid deposition was present in 9 of the 36
(25%) synovial membranes from patients with OA.
Typical apple-green birefringence was observed un-
der the polarized microscope, which confirmed am-
yloid deposition in the knee joint tissues (Fig. 1).
Another case was shown to be Congo red positive
without the appearance of apple-green birefringence
under the polarized microscope.

;‘fd}i'.-i-.,-' B IS Y
Fig. 1 Amyloid deposition in synovial membranes of OA
patients

The reddish color of Congo red staining (a) turned into
apple-green in the polarized light (b) (Note: for interpreta-
tion of the references to color in this figure legend, the
reader is referred to the web version of this article)

3.3 Analysis of amyloid subtypes by immuno-
histochemistry

Among the 36 patients with knee OA, 8 cases
(22.2%) were anti-ATTR positive and 1 sample (2.8%)
was shown to be anti-AL-k immunoreactive in our
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cohort (Fig. 2). There was no co-existence for both
ATTR and AL-x in any tissue involved in the testing.
On the contrary, no immunoreactivity was found
using the other three antibodies directed against AL-A,
SAA, and AP2M.

(a)

Fig. 2 Immunohistochemical results of OA patients
(a) AL-; (b) ATTR

3.4 Detection of TTR isoforms by MALDI-TOF MS

The serum of each patient (n=36) was analyzed
by MALDI-TOF MS. Three major peaks were ob-
served in the mass spectrum (Fig. 3), and TTR sub-
types were identical in every patient. The single peak
at 13762 m/z indicated the native, unmodified TTR.
The additional peak adjacent to the unmodified TTR
represented Cys adducts for S-cysteine (TTR-Cys-
S-S-Cys, 13875 m/z). The third major peak was in-
dicative of Cys adducts for S-cysteinylglycine (TTR-
Cys-S-S-CysGly, 13932 m/z). No mutant TTR was
found in the serum of the patients with knee OA.

3.5 Clinical characteristics of ATTR-positive and
ATTR-negative patients

Among the nine patients with amyloid, eight
cases (88.9%) had ATTR deposits and only one sam-
ple (11.1%) was shown to be AL-k-positive. Thus, we
further analyzed the differences in clinicopathological
characteristics between the ATTR-positive (n=8)
and ATTR-negative (n=28) patients (Table 1). The
patients’ age at surgery ranged from 58 to 72 years
with a median age of 66 years. The age of patients
who had ATTR deposition was significantly higher
than that of the patients without ATTR-amyloid dep-
osition (P=0.012). In our series, 3 of the 16 men and 5
of the 20 women had ATTR deposition in patients
with knee OA. No statistical difference was found in
the gender between ATTR-positive and ATTR-

negative patients. The disease duration of the ATTR-
positive group was longer than that of the ATTR-
negative group (P=0.014). The knee and function
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Fig. 3 Three major peaks observed in the mass spec-
trum, including the unmodified TTR, TTR-Cys-S-S-
Cys, and TTR-Cys-S-S-CysGly

The proportion of each component has been associated with
the peak height, measured in relative percentage (%), re-
flecting the relative quantity. MALDI-TOF MS showed that
TTR subtypes were the same in every serum sample,
whereas the proportion of unmodified TTR to total TTR was
different in each patient

Table 1 Clinicopathological characteristics of the ATTR-
positive and ATTR-negative patients

ATTR-positive ATTR-negative

Variable (n=8) (n=28) P

General

Age at surgery (year) 69.5 (65-72) 65.5(58-72) 0.012

Gender (F/M) 5/3 15/13 NS

Disease duration (year) 16.5 (7-30)  12.0 (5-20) 0.014
Clinical manifestation

Swollen joint 5 17 NS

Stiffness 5 19 NS

Deformity 7 23 NS

Friction 3 12 NS

Knee score 41.0 (33-47) 44.5(37-59) 0.041

Function score 34.5(29-46) 41.0(32-53) 0.041

Related disease

Obesity 1 3 NA

Malnutrition 1 4 NA

Diabetes 2 3 NA
Drug treatment

NSAID 5 17 NS

Paracetamol 6 19 NS

Data were shown as the number of patients or median value (range).
NS: not significant; NA: not applicable; NSAIDs: non-steroid anti-
inflammatory drugs
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scores of the ATTR-positive group were lower than
those of the ATTR-negative group (P<0.05). There
were no statistical differences in other clinical mani-
festations, related diseases, drug treatment, and the
presence of ATTR deposition between ATTR-positive
and ATTR-negative patients.

3.6 Laboratory measurements of ATTR and non-
ATTR patients

Erythrocyte sedimentation rate (ESR) and CRP
were identified to be significantly higher in the OA
patients than in the healthy individuals (P<0.05)
(Fig. 4). No statistical difference was found in RF,
haemoglobin (Hb), red blood cell (RBC), white blood
cell (WBC), platelet, urea, uric acid, and creatinine
between the OA patients and the healthy individuals.
Laboratory features of the ATTR-positive and ATTR-
negative patients are depicted in Table 2. No statisti-
cal difference was found in RF, ESR, CRP, Hb, RBC,
WBC, platelet, urea, uric acid, or creatinine between
the ATTR-positive and ATTR-negative patients.

4 Discussion

Amyloid diseases are caused by misfolded pre-
cursor proteins that aggregate and deposit as unique
fibrils, ultimately leading to irreversible organ dys-
function. Although the role of amyloid deposition in
the pathogenesis of OA is not clear, preventing the
formation or promoting the disaggregation is neces-
sary to control the development of clinical symptoms.
Amyloid proteins usually deposit in the cartilage,
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articular capsule, and synovial membranes in patients
with OA. Several lines of evidence demonstrated that
membranes may play an essential role in protein
folding, misfolding, and aggregation (Torres-Bugeau

Table 2 Laboratory measurements of the ATTR-positive
and ATTR-negative patients

ATTR- ATTR- Normal
Variable positive negative range
(n=8) (n=28) &
Blood test

5.5 6.0

RF (kIU/L) (2-21) (2-15) 0-10 NS
27.0 24.5

ESR (mm/h) (5552 (Lag) 030 NS
2.4 22

CRP (mg/L) (12-57) (1343 023 NS

126.5 116.5

Hb (g/L) (T2-151)  (83-158) 110-160 NS
12 4.2 4.3

RBC (x10°“/L) 28-58) (3.0-58) 3.5-5.5 NS
9 9.0 7.4

WBC (<107L) (4.7-13.6) (3.8-12.9) 410 NS

Platelet (x10°/L) (2523529) (9%33_3'31) 100-300 NS

Urea (mmol/L) (2';‘;‘;1) (2;;%'2) 2.5-6.4 NS

Uric acid (umol/L) (16276j551 0) (172gi(€)§9) 150-400 NS

Creatinine (umol/L) (5§ji27) ( 4fzi572) 40-120 NS

Urine analysis

Proteinuria 2 3 NA

Pyuria 1 NA

Hematuria 1 2 NA

Data were shown as the number of patients or median value (range).
NS: not significant; NA: not applicable; RF: rheumatoid factor; ESR:
erythrocyte sedimentation rate; CRP: C-reactive protein; Hb: haemo-
globin; RBC: red blood cell; WBC: white blood cell
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Fig. 4 Comparsion of the ATTR-positive and ATTR-negative patients
(a) Erythrocyte sedimentation rate (ESR); (b) The C-reactive protein (CRP). Horizontal lines indicated median levels and the
asterisks indicated the differences between two groups. "P<0.05; *"P<0.01; NS: not significant
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etal.,2011). Thus, synovial membranes were selected
for this study. Amyloid deposition has previously
been reported in 33% of OA patients who underwent
total reconstruction of the hip joint (Christensen and
Serenson, 1972). In these patients, the amyloid was
primarily situated in the articular capsule of the hip.
Amyloid deposits were present in 9 of 36 (25%)
synovial membranes for patients with knee OA in our
study. Another case was shown to be Congo red pos-
itive without the appearance of apple-green birefrin-
gence under the polarized microscope. This is prob-
ably a non-specific staining phenomenon without
any significance. Amyloid infiltration into synovial
membranes may accelerate the inflammatory process
and osteolytic responses.

Around 30 different amyloid precursor proteins
have been identified to result in either local tissue or
systemic amyloidosis (Sipe et al., 2012). In our study,
all synovial membranes were analyzed by Congo red
staining and immunohistochemistry, respectively.
Nine cases were found to be amyloid-positive by
Congo red staining, which demonstrated apple-green
birefringence under the polarized microscope. More-
over, the same cases (n=9) were found to be im-
munohistochemically positive, including ATTR
(n=8) and AL-k (n=1). Because the number of amyloid-
positive cases was equal to that of the immunohisto-
chemically positive specimens, we did not look for
other rare amyloid types. We think that amyloid in the
knee OA has been derived from ATTR and AL-x
without co-expression of rare types. However, Sol-
omon et al. (2006) demonstrated that the amyloid
proteins in knee menisci were derived from Apo Al
and not from ATTR. In their study, amyloid was ex-
tracted from the menisci of three adults who under-
went knee joint replacement surgery. In our experi-
ment, synovial membranes were used to analyze am-
yloid deposition. Thus, we hypothesize that amyloid
deposits may differ in selected samples of patients
with knee OA. More case studies may be needed to
validate this claim. The frequency of AL amyloid
arthropathy has been estimated to range from 2% to
5% (M'Bappé and Grateau, 2012). Similarly, one case
(2.8%) was shown to be anti-AL-k immunoreactive in
our studies. Niggemeyer et al. (2011) found ATTR
deposition as the only immunohistological subtype
in patients with the hip OA. Our study confirmed
previous reports in which amyloid deposition was

observed in OA patients, especially AL and ATTR
deposition.

TTR is a serum and cerebrospinal fluid transport
protein for thyroxine and retinol binding protein,
which is known to be associated with amyloidosis.
The wild-type TTR is the only fibrillar protein, which
contributes to the development of senile systemic
amyloidosis with amyloid deposition in the heart,
lungs, and gastrointestinal tract (Gorevic et al., 1989).
Mutant TTR in relation to familial amyloidotic pol-
yneuropathy (FAP) was found to be more prone to
form amyloid, especially in the heart and nerves (Ihse
et al., 2011). In our study, the amyloid deposition in
synovial membranes of patients with knee OA was
found to be wild-type TTR without mutations.
Moreover, the MALDI-TOF MS analysis of serum
showed that TTR subtypes were identical in every
patient (unmodified wild-type together with two
isoforms). Post-translational modification of TTR
may play a role in its pathogenicity in amyloidosis.

Among the nine patients with amyloid, eight
cases (88.9%) had ATTR deposition, only one tissue
section (11.1%) was shown to be AL-k-positive. Thus,
we further analyzed the differences in clinical char-
acteristics between the ATTR-positive and ATTR-
negative patients. Some statistical differences in
patients’ characteristics were found between them,
including age at surgery, disease duration, knee score,
and function score. Other clinical and laboratory pa-
rameters could not predict the development of amy-
loid in our study. However, they should not be ignored
as potential risk factors for developing amyloid in the
knee OA. Further prospective studies with larger case
numbers may be needed to clarify this issue.

Hattori et al. (2003) demonstrated that the fre-
quency of amyloid increased with patients’ age. Sim-
ilarly, the age of patients who had ATTR deposition
was significantly higher than that of the patients
without amyloid deposition, which indicated that
aging may play an important role in the development
of ATTR deposition of the knee OA. The frequency of
AA amyloid is 7% in the group of arthritis patients
with 5 years or more duration, and increases to 16% in
the group with disease duration of more than 10 years
(El Mansoury et al., 2002). In our cohort, the preva-
lence of ATTR deposition is 12.5% in the group of
OA patients with 10 years or less duration, and in-
creases to 87.5% in the group with disease duration of
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more than 10 years. However, no statistical correlation
was found between the age at surgery and the disease
duration.

Deposition of ATTR in knee joints may weaken
the synovial membranes, resulting in local inflam-
mation followed by progressive degeneration of the
joints. Cortez et al. (2010) demonstrated that mem-
branes had the ability to shift the protein folding
equilibrium with different structural features towards
the aggregation state. However, stiffness, deformity,
friction, or swollen joints cannot be individually used
to predict the presence of ATTR deposition in our
study. We found significant differences in the knee
and function scores between the ATTR-positive and
ATTR-negative groups, which indicated that amyloid
infiltration into synovial membranes might play a role
in multiple pathogenic mechanisms of OA. Accord-
ing to the report of Kuroda et al. (2002), the patients
with knee OA showed laboratory signs of inflamma-
tion with significantly increased serum levels of ESR
and CRP. Though ESR and CRP were identified to be
significantly higher in the OA patients than in the
healthy individuals, no difference was found in ESR
or CRP between the ATTR-positive and ATTR-
negative groups in our study.

In summary, amyloid deposition in synovial
membranes of OA patients was found to be ATTR and
AL-x. The TTR in the serum of the patients was un-
modified wild-type TTR together with two isoforms
(unmodified TTR, TTR-Cys-S-S-Cys, TTR-Cys-S-S-
CysGly). High age at surgery, long disease duration,
and deteriorated knee function were associated with
ATTR deposition in the osteoarthritic knee joints.
Amyloid infiltration into synovial membranes may
play a role in pathogenicity of amyloidosis in OA
patients, which needs to be further explored in more
case studies.
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