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S umma r y

OObbjjeeccttiivvee::  Amyloidosis is an important severe complication of
rheumatoid arthritis (RA). The study was designed to evaluate poly-
morphism of the gene encoding serum amyloid A as well as Chlamy-
dia trachomatis infection as risk factors of development of amyloi-
dosis in RA patients.
MMaatteerriiaall  aanndd  mmeetthhooddss::  One-hundred and four patients with definite
RA were investigated. The patients were divided into two groups, the
AA-positive group (secondary amyloidosis confirmed by histopatho-
logical evaluation of the tissue sample) (45 patients), and the AA-neg-
ative group (59 patients).
The polymorphism of SAA1 and occurrence of Chlamydia tra-
chomatis infection were assayed in all the patients.
RReessuullttss::  No significant differences between the two patient
groups in the -13T/C allele frequency were revealed. Therefore, the
-13T allele is not obligatory for AA amyloidosis development in
Belarusian patients with RA. Comparison of groups for genotype
and three allele frequencies showed statistically significant dif-
ferences. The most notable differences were observed in SAA1 α/α
genotype –χ2 = 31.1 (p < 0.001). Forty-three of 45 AA-positive RA
patients (96%) had SAA1 α/α genotype while only 32% AA-nega-
tive RA patients presented this genotype. A similar tendency was
observed for allele α frequency: χ2 = 47.01 (p < 0.001).
Up to 84% of 45 AA-positive RA patients had concomitant Chla -
mydia trachomatis infection during the course of RA. In the 
AA-negative group association of RA and the infection was revealed
in 10 (17%) of 59 patients only (p < 0.004).

S t r e s z c z e n i e

CCeell  pprraaccyy::  Amyloidoza jest ważnym, ciężkim powikłaniem reumato-
idalnego zapalenia stawów (RZS). Badanie zaplanowano w celu 
oceny polimorfizmu genu kodującego surowiczy amyloid A, a także
zakażenia Chlamydia trachomatis jako czynników ryzyka rozwoju amy-
loidozy u pacjentów z RZS.
MMaatteerriiaałł  ii mmeettooddyy::  Zbadano 104 pacjentów z ustalonym rozpozna-
niem RZS. Chorych podzielono na dwie grupy: grupę AA-dodatnią (wtór-
na amyloidoza potwierdzona w badaniu histopatologicznym próbki
tkanki) (45 chorych) oraz AA-ujemną (59 osób).
U wszystkich pacjentów zbadano występowanie polimorfizmu SAA1
oraz zakażenia Chlamydia trachomatis.
WWyynniikkii::  Nie stwierdzono istotnych zmian pomiędzy częstością
występowania allela -13T/C w obu grupach pacjentów. Allel -13T nie
jest obligatoryjny dla rozwoju amyloidozy AA u białoruskich chorych
na RZS. Porównanie grup pod kątem genotypu i częstości występo-
wania trzech alleli wykazało statystycznie znamienne różnice. Naj-
bardziej zauważalne różnice obserwowano w przypadku genotypu
SAA1 α/α –χ2 = 31,1 (p < 0,001). U 43 z 45 AA-dodatnich pacjentów
z RZS (96%) stwierdzono genotyp SAA1 α/α, natomiast u AA-ujem-
nych pacjentów fenotyp ten występował zaledwie u 32%. Podobną
tendencję obserwowano w zakresie częstości allela α: χ2 = 47,01 
(p < 0,001).
Aż u 84% z 45 AA-dodatnich pacjentów z RZS w przebiegu choroby
odnotowano jednoczesne zakażenie Chlamydia trachomatis. W gru-
pie AA-ujemnej powiązanie RZS z infekcją stwierdzono zaledwie 
u 10 (17%) z 59 pacjentów (p < 0,004).
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Introduction

Amyloidosis is a severe and frequently fatal complication
of rheumatoid arthritis (RA) [1]. It is a systemic disease char-
acterized by the extracellular deposition of amyloid fibrils
derived from the acute-phase reactant serum amyloid A pro-
tein (SAA). Despite progress in management of RA result-
ing in improved functional state of the patients and their
better quality of life as well as survival rate, occurrence of
cardiovascular events and amyloidosis remains an impor-
tant clinical problem [2, 3]. Amyloidosis can affect a num-
ber of body systems and organs but renal involvement asso-
ciated with chronic renal failure is considered to be one of
the most severe and life-threatening complications of RA
[4]. Prevalence of amyloidosis in RA patients is different in
various populations but is still relatively high [5, 6].

Amyloidosis which is found in patients with RA is a sec-
ondary form of the disease resulting from chronic inflam-
mation. Successful treatment of inflammation in RA is
a base for remission and protects the patients against struc-
tural damage of the joints as well as cardiovascular
events and amyloidosis [7]. However, it is known, that remis-
sion or low disease activity cannot be achieved in all
patients. This phenomenon is closely related to amyloidosis.
The complication develops in some patients despite
intensive medication [8]. Serum amyloid A is a highly con-
served, acute-phase protein synthesized predominantly in
the liver. It has been reported that some polymorphisms
in the gene SAA1 encoding SAA, the protein partially accu-
mulated in tissue deposits of amyloid, contribute to indi-
vidual susceptibility to amyloidosis in RA patients [9–11].
Additionally, a relationship between plasma SAA level and
development of amyloidosis was evidenced in some
researches [12].

Inflammation due to infection is a well-known factor
for amyloidosis development. Chlamydia infections have
been established as the cause of reactive arthritis espe-
cially in some spondyloarthritides. In our previous research-
es , we have reported coexistence of Chlamydia tracho -
matis infection with seronegative RA [11]. Thus it is
suggested that chlamydial infection is an additional fac-
tor enhancing prevalence of amyloidosis in RA patients.

The present research was designed to evaluate the pos-
sible role of SAA1 gene polymorphism and Chlamydia tra-
chomatis infection in development of amyloidosis in RA
patients.

Material and methods

We investigated 104 patients treated in the Belarusian
Rheumatological Center in Minsk in 2007–2010, who were
diagnosed with rheumatoid arthritis (RA) according to the
1987 revised criteria of the American College of Rheuma-
tology [13]. Amyloidosis was diagnosed by renal, rectal or
gingival biopsy, and the patients were divided into those
with detected amyloidosis (AA-positive group) and those
without amyloidosis (AA-negative group). Tissue samples
were stained with Congo red and analyzed in polarized light
for bright green birefringence. The AA-positive group 
(1st group) consisted of 45 patients (37 female, 8 male; mean
age 58). The AA-negative group (2nd group) consisted of
59 patients (50 female, 9 male; mean age 52). There were
no significant differences in RA activity (SDAI), radi-
ographic stage and RF positivity/negativity between the
two groups (Table I).

The SDAI index suggested by Smolen means Simpli-
fied Disease Activity Index. In this method the CRP serum
level is expressed in mg/dl (0–10) instead of LnESR (as used
in all DAS modifications). In brief: SDAI = SJC + TJC + 
Global disease assessmentpatient + Global disease assess-
mentphysicians + CRP (mg/dl).

The duration of RA in both groups was similar: 16.0 
(13; 21) years in the 1st group and 15.8 (12; 18) years in the
2nd group (pP > 0.05).

The majority of patients in the 1st group had used sev-
eral groups of disease modifying antirheumatic drugs
(DMARDs) because of insufficient effectiveness or side
effects of the prescribed treatment; furthermore their com-
pliance with the treatment was low. Only 17 (37.8%) patients
in this group had taken DMARDs regularly. Twenty-eight
(62.2%) patients in the 1st group and 21 (35.6%) in the 2nd

group had received glucocorticoids (p = 0.006).

Determination of SAA1 genotype

Native DNA was extracted from blood leucocytes
obtained from all investigated patients. For amplification,
a segment of the SAA1 gene including the polymorphic sites
-13T/C, 2995C/T was genotyped by polymerase chain reac-
tion (PCR) with subsequent restriction enzyme digest analy-
sis. PCR was performed with a MyCycler™ Thermal cycler
(BIORAD) amplifier. -13 T/C gene SAA1 polymorphism was
detected by the amplification method with subsequent
restriction enzyme digest analysis with Acil endonuclease
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The odds ratio (OR) calculated for the SAA1 α/α genotype was 45.26,
and the 95% confidence interval (95% CI) was 9.9–206.8. Odds ratio
for Chlamydia trachomatis infection was 26.6 (95% CI: 9.26–76.37).
CCoonncclluussiioonn::  Risk of secondary amyloidosis in RA patients significantly
depends on SAA1 genotype and the presence of Chlamydia trachomatis
infection.

Iloraz szans (OR) wyliczony dla genotypu SAA1 α/α wynosił 45,26,
a 95% przedział ufności (95% CI) 9,9–206,8; OR dla zakażenia Chla-
mydia trachomatis wynosił 26,6; 95% CI: 9,26–76,37.
WWnniioosseekk::  Ryzyko wtórnej amyloidozy u pacjentów z RZS w sposób
znamienny zależy od genotypu SAA1 i obecności zakażenia Chlamydia
trachomatis.
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(Fermentas, Vilnius) and electrophoretic separation in 8%
polyacrylamide gel. Restriction was conducted strictly
according to MBI Fermentas instructions. 2995 C/T and 3010
C/T gene SAA1 polymorphisms were detected by the ampli-
fication method with subsequent restriction enzyme
digest analysis with BanI (2995) or BclI (3010) endonuclease
respectively. Both polymorphisms were detected separately.
Detection of electrophoretic separation was conducted in
2% agarose gel under ultraviolet (UV) light with a Vilber Lour-
mat transilluminator (France). Results were documented
with a Nikon 2100 digital camera.

Detection of Chlamydia trachomatis
infection

The infection was detected either for Chlamydia tra-
chomatis specific DNA fragments or culture of the bacteria
(McCoy medium). Immunoglobulin A, M or G levels were either
normal or negative. Previous work has revealed that this is
quite typical for chronic chlamydial infection in RA patients
[12]. In some cases for the aim of the research previous med-
ical data confirming Chlamydia trachomatis infection was used.

All patients have no clinical or laboratory signs of any
other infections with joint involvement, such as yersinio-
sis, Lyme-borreliosis, dysentery, etc.

Statistical methods

The obtained data was entered in a database (Microsoft
Office Excel 2002, Microsoft Office). Statistical analysis was
conducted with the STATISTICA 6.0 package (StatSoft. Inc.,
USA). Distribution of studied parameters was assessed by
Shapiro-Wilk test. The results were expressed as median,
upper and lower quartiles (25; 75%). Non-parametric
Mann-Whitney U test was used for comparison of two inde-

pendent groups. Statistical analyses of genotype and allele
frequency comparisons of the various single nucleotide poly-
morphisms between the groups were performed using the
χ2 test. Correlation between the two groups was assessed
by the Gamma method for non-parametric data. We
used the odds ratio (OR) to assess the risk of secondary
amyloidosis. P values less than 0.05 were considered sta-
tistically significant.

Results

SAA1 gene polymorphism

The genotype of -13T/C gene SAA1 polymorphism was
established by heavy fragments -212 and 190 nucleotide

IInnddeexx GGrraaddee 11sstt ggrroouupp  22nndd ggrroouupp  SSttaattiissttiiccaall  ssiiggnniiffiiccaannccee  

((AAAA--ppoossiittiivvee)) ((AAAA--nneeggaattiivvee)) ooff  tthhee  ddiiffffeerreennccee

rheumatoid factor n (%) positive 36 (80) 43 (73) non-significant

negative 9 (20) 16 (27)
(p = 0.54)

disease activity (SDAI) n (%) 1 0 0 non-significant

2 13 (29) 27 (46)
(p = 0.8)

3 32 (71) 32 (54)

radiographic stage of the I 1 (2) 1 (2) non-significant

disease 4 (%) II 3 (7) 12 (20)
(p = 0.19)

III 21 (47) 25 (42)

IV 20 (44) 21 (36)

TTaabbllee  II.. Characteristics of groups of patients with rheumatoid arthritis

AAAA--ppoossiittiivvee AAAA--nneeggaattiivvee SSttaattiissttiiccaall

ggrroouupp ggrroouupp ssiiggnniiffiiccaannccee  

ooff  tthhee  ddiiffffeerreennccee

nn 45 59

--1133TT//CC  ggeennee  SSAAAA11  n (%)

ppoollyymmoorrpphhiissmm

TTTT 0 (0.0) 0 (0.0)

TTCC 10 (22.2) 12 (20.3) 0.5

CCCC 35 (77.8) 47 (79.7) 0.5

AAlllleellee

-13T 10 (11.1) 12 (10.2) 0.5

-13C 80 (88.9) 106 (89.8) 0.5

TTaabbllee  IIII..  -13T/C gene SAA1 polymorphism in
rheumatoid arthritis patients
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pairs. Results of -13T/C gene SAA1 polymorphism detec-
tion are presented in Table II. No significant differences
between the two patient groups were revealed. Therefore,
the -13T allele is not obligatory for AA amyloidosis devel-
opment in Belarusian patients with RA.

Results of 2995 C/T and 3010 C/T gene SAA1 poly-
morphism determination are summarized in Table III.

Comparison of groups on genotype and three allele fre-
quencies showed statistically significant differences. The
most notable differences were observed in SAA1α/α geno-
type – χ2 = 31.1 (p < 0.001). As a result it was revealed that
up 43 of 45 AA-positive RA patients had SAA1 α/α geno-

type while only 32.2% AA-negative RA patients presented
this genotype. A similar tendency was observed for allele
α frequency: χ2 = 47.01 (p < 0.001).

It is of interest that the SAA1 γ/γ genotype was not
revealed in both groups. This genotype variant is consid-
ered to be a risk factor of secondary amyloidosis in
Japanese RA patients [13]. Furthermore, in AA-positive
patients the γ allele was not found at all. Thus, presence
of the γ allele can be considered to be “protective” as it was
detected in the AA-negative group only.

The OR for SAA α/α genotype was 45.26 with 95% CI
9.9–206.8 (Table IV). Relative risk of secondary amyloi-
dosis significantly increases in patients with α/α geno-
type. Therefore, this genotype variant is a genetic risk fac-
tor of secondary amyloidosis in Belarusian patients
with RA.

Statistical analysis showed a strong correlation between
the α allele and secondary amyloidosis (R = 1; p < 0.001).
At the same time presence of the γ allele reduces proba-
bility of this RA complication (R = –1; p < 0.001). The β allele
acts similarly (R = –0.01; p < 0.001). Hence, the α allele is
a significant risk factor for secondary amyloidosis in RA,
while β and γ alleles have a protective influence.

The -13T allele of the SAA1 gene (-13T/C locus) was pres-
ent in 10.2% of AA-positive and in 11.1% of AA-negative RA
patients (p = 0.5). There were no homozygous -13T/T pa -
tients in either group. Thus, the -13T allele is not a risk fac-
tor of amyloidosis in Belarusian patients with RA.

Chlamydia trachomatis infection

Chlamydia trachomatis infection was found in 38 of 45
patients in the AA-positive group (84%). In the AA-nega-

GGeennoottyyppee AAAA--ppoossiittiivvee  AAAA--nneeggaattiivvee  SSttaattiissttiiccaall  SSttaattiissttiiccaall  

ggrroouupp ggrroouupp ssiiggnniiffiiccaannccee  ssiiggnniiffiiccaannccee  

ooff  tthhee  ddiiffffeerreennccee  χ22 ooff  tthhee  ddiiffffeerreennccee  pp

2995C/T 3010C/T α, β, γ 45 n (%) 59 n (5)

TT CC α/α 43 (95.6) 19 (32.2) 31.2 < 0.001

TC CT α/β 2 (4.4) 16 (27.1) 10.3 < 0.001

TC CC α/γ 0 10 (16.9) 6.6 0.005

CC TT β/β 0 9 (15.3) 5.71 0.005

CC TC β/γ 0 5 (8.5) 2.37 0.07

CC CC γ/γ 0 0

α 88 (97.8%) 64 (54.2) 47.01 < 0.001

β 2 (2.2%) 39 (33.1) 25.79

γ 0 15 (12.7) 10.5

TTaabbllee  IIIIII..  2995C/T and 3010C/T gene SAA1 polymorphism in rheumatoid arthritis patients

OORR CCII

GGeennoottyyppee

α/α 45.26 9.9–206.8

α/β 37.13 8.71–57.9

α/γ 0 –

β/β 0 –

β/γ 0 –

AAlllleellee

α 37.13 8.71–57.9

β 0.05 0.01–0.2

γ 0 –

TTaabbllee  IIVV..  Odds ratio for different variants of
SAA1 genotype
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tive group the infection was found in 10/59 patients (17%)
(p = 0.004).

Evaluation of medical documentation of the patients
additionally revealed significant differences. More than a half
of the patients in the AA-positive group (28/45; 62%) had
atypical onset of RA (asymmetric joint involvement, syn-
ovitis of the knee joint). Some of them had fever and
received antibacterial medication. In the AA-negative
group only 7 patients (12%) had atypical joint involvement
at onset of the disease.

According to our observations, RA patients with
increased risk of secondary amyloidosis are characterized
by a number of clinical features. They more often have knee
joint involvement at the disease onset (P = 0.03) and less
often hand joint involvement (P = 0.02). At the same time,
joint lesions are often asymmetric (P = 0.002). Treatment
with disease-modifying antirheumatic drugs is common-
ly less effective in those patients.

Cumulative influence of SAA1 α/α genotype and
Chlamydia trachomatis infection.

We have analyzed possible risk factors for development
of secondary amyloidosis in RA patients including those
indicated in the literature. The obtained results are pre-
sented in Table V. Odds ratio for combination of SAA1 α/α
genotype and Chlamydia trachomatis infection increases
to 55.0 (95% CI: 10.2–154.3).

Discussion

Development of secondary amyloidosis is a complex phe-
nomenon related to a number of factors [3]. It is well known
that a prolonged, severe inflammation is one of the major
factors contributing to the development of amyloidosis. On
the other hand, other factors are involved in this process.

In the present study, we have found that SAA1 α/α iso-
type is the most amyloidogenic in Belarusian Caucasian
patients. Relative risk of secondary amyloidosis in RA pa tients
with SAA1 α/α genotype is significantly higher (OR =
45.26; 95% CI: 9.9–206.8). This finding is consistent with 
the reports of Baba et al. [9] and Moriguchi et al. [10], who
described the association of α/αgenotype with juvenile arthri-
tis and rheumatoid arthritis complicated by amyloidosis.

In contrast, the γ/γ genotype was reported to be
a “risk genotype” for development of amyloidosis in
Asian patients suffering from RA [14].

The obtained results suggest that Chlamydia tra-
chomatis infection is an additional risk factor for devel-
opment of amyloidosis in RA patients. The mechanism of
this phenomenon remains unclear. Chlamydial infection
induces inflammation that itself is an amyloidosis-induc-
ing factor. It is also possible that Chlamydia trachomatis
exerts specific immune stimulation resulting in amyloid dep-
osition. Further studies in this field are needed.

From a practical clinical point of view, detection and
management of chlamydial infection (including re-infec-
tion) seems to be an important component of the thera-
peutic strategy in RA patients.

Determination of SAA1 polymorphism is still not a rou-
tine procedure in management of RA patients but it is rec-
ommended in cases with signs of early amyloidosis in order
to introduce more aggressive therapy (including biologics
with special anti-inflammatory activity, e.g. tocilizumab).

The authors declare no conflict of interest.
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