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Abstract
Objective

To study whether enterobacteria and Gram-positive bacterial cell walls (BCW) derived from normal intestinal microbiota
are involved in the etiopathogenesis of early rheumatoid arthritis (RA).

Methods
Peripheral blood mononuclear cells (PBMC) and synovial fluid mononuclear cells (SFMC) were isolated from patients

with early RA (the average duration of 5 months) and the controls (other types of inflammatory arthritis). The 
mononuclear cell proliferation and tumor necrosis factor-alpha (TNF- ) responses to heat-killed Salmonella enteritidis

(SE), Yersinia enterocolitica (YE), and Escherichia coli (EC), and to Gram-positive BCW derived from four common
intestinal indigenous bacteria, Eubacterium aerofaciens (EA), Eubacterium limosum (EL), Lactobacillus casei (LC), and

Lactobacillus fermentum (LF), and a BCW derived from a pathogen, Streptococcus pyogenes (SP) were investigated. 

Results
39% or 56% of patients with early RA showed significant proliferation responses by PBMC or SFMC against entero-
bacteria, respectively. In other types of arthritis, corresponding figures were 59% or 66%. When BCW were used as 

antigens, 8.1% or 23% of patients with early RA showed proliferation responses by PBMC or SFMC, respectively. In
other types of arthritis the corresponding figures were 7.5% or 35%, respectively. However, TNF- production by SFMC

stimulated by EA BCW, SE, YE or EC, was significantly higher in early RA than in other types of arthritis.

Conclusion
These results suggest that SFMC reacting with enterobacteria or BCW exist in some patients with early RA, but also in
other types of inflammatory arthritis. Intestinal bacterial agents may play a role in the etiopathogenesis of RA, but the

effect appears to be non-specific.
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Introduction
It has been suggested that bacteria or
their components, such as bacterial cell
walls (BCW) derived from norm a l
intestinal microbiota, may play a role
in the etiopathogenesis of RA (1,2).
This is supported by several lines of
observations: (i) The intestinal micro-
biota of patients with early RA is sig-
nificantly different from those of con-
trols (3, 4). (ii) Bacterial antigens have
been detected using a monoclonal anti-
body in the macrophages and dendritic
cells of the rheumatoid synovium (5).
(iii) Mucosal leukocytes may migrate
to the inflamed synovium (6-8). (iv )
Increased joint complications occur in
inflammatory bowel diseases (9). (v)
The BCW of certain members of intes-
tinal microbiota are able to induce
ch ronic polya rt h ritis in ex p e ri m e n t a l
animals (10-13). (vi) The genetically
manipulated animals may spontaneous-
ly develop chronic arthritis under con-
ventional, but not under germ-free con-
ditions (14, 15). 
E u b a c t e ri u m spp. and L a c t o b a c i l l u s
spp. are Gram-positive rods and among
the most common bacterial genera oc-
curring in the normal intestinal micro-
biota of humans (16, 17). Streptococ -
cus pyogenes (SP) is a Gram-positive
group A streptococcus (18). It is known
that a single i.p. injection of the BCW
f rom E u b a c t e rium aero fa c i e n s ( E A ) ,
Lactobacillus casei (LC) or SP induces
chronic polyarthritis in susceptible rat
s t ra i n s , wh e reas BCW derived fro m
Eubacterium limosum (EL) or Lacto -

bacillus fermentum (LF) do not have
this capacity (10-13, 18). Prev i o u s ly
the proliferation responses of synovial
fluid mononu clear cells (SFMC) to
BCW of E u b a c t e ri u m and SP have
been observed in RA (19). However,
this has not been studied in the patients
with early RA. 
Here, we have used several enterobac-
teria and Gram-positive BCW derived
f rom normal intestinal microbiota to
s t u dy the pro l i fe ration responses of
p e ri p h e ral blood mononu clear cells
(PBMC) and SFMC in the early RA.
The enterobacteria Salmonella enteri -
tidis (SE) and Yersinia enterocolitica
(YE) were included, due to their role in
the etiopathogenesis of reactive arthr i-
tis (20); Escherichia coli (EC) served
as a control. The capacity of these dif-
ferent bacterial antigens to induce pro-
duction of tumor necrosis factor-alpha
(TNF- ) was also investigated. 

Patients and methods
Patients
All studies involving human subjects
we re ap p roved by the local ethical
committee. The patients enrolled were
from Satalinna Hospital, Turku Univer-
sity Central Hospital, and Ta m p e re
University Hospital. Twenty-eight pa-
tients with early RA (duration of the
disease < 1 year) and fulfilling the 1987
revised American College of Rheuma-
t o l ogy cri t e ria we re included (21).
Twenty-nine patients with inflammato-
ry joint diseases other than RA served
as controls (Table I). In addition, the

Table I. Clinical features of the patients.

Rheumatoid arthritis Other arthritides*

Number of patients 28 29

Sex (% female) 61 59

Age,mean (range), years 53  (21-86) 45  (16-74)

Duration, median, months 5  (1-12) 57   (0.1-396)

Rheumatoid factor + (%) 64 17

Treatment
NSAID (%) 66 59
Corticosteroids (%) 18 29
DMARD (%) 21 18
Cytotoxic drugs (%) None 4

* Other arthritides: 12 reactive arthritis, 7 psoriatic arthritis, 2 ankylosing spondyarthritis, 2 pseudo-
gout, 2 gout, 1 scleroderma, and 3 undifferentiated arthritis (2 self-limited acute knee arthritis, and 1
polyarthritis). 
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PBMC of 10 healthy blood donors
(Finnish Red Cross Blood Transfusion
S e rv i c e, Tu rk u , Finland) we re used.
The diagnoses of other inflammatory
a rt h ritides are based upon standard
clinical criteria. Clinical features of the
patients are given in Table I. 

Cells 
Pe ri p h e ral blood and synovial fl u i d
were collected simultaneously from the
patients during diagnostic or therapeu-
tic aspiration. Pe ri p h e ral blood wa s
also donated by healthy donors. PBMC
and SFMC we re isolated by density
gradient centri f u gation with Fi c o l l -
Paque (Pharmacia LKB, Uppsala, Swe-
den). RPMI-1640 (GIBCO BRL, Pais-
l ey, UK) supplemented with 10 mM
HEPES, 2 mM L-glutamine, and 10%
h e at - i n a c t ivated pooled human A B
serum was used as a culture medium in
all experiments. 

Antigens and mitogens
P hy t o h e m agglutinin (PHA) was pur-
chased from Difco Laboratories (De-
troit, USA). Tuberculin PPD was pur-
chased from Statens Serum Institute
( C o p e n h age n , D e n m a rk). Ye rs i n i a
enterocolitica (YE) O3 (CCUG 8233)
and E s ch e ri chia coli (EC) (AT C C
25922) were obtained from the Culture
C o l l e c t i o n , U n ive rsity of Gothenbu rg
( G o t h e n bu rg, S weden) and from the
A m e rican Type Culture Collection
( M a n a s s a s , VA ) , re s p e c t ive ly. S a l m o -
nella enteritidis (SE) was isolated from
the stool sample of a patient with reac-
tive arthritis. Bacteria were heat-killed
at 100°C for 1 hour.
EA (ATCC 25986), EL (ATCC 8486),
LC (ATCC 11578), LF (ATCC 14931)
and SP (ATCC 10389) were obtained
from the American Type Culture Col-
lection (Manassas, VA). The BCW
were prepared as described before (22,
23). Bri e fly, the heat-killed bacteri a
were disrupted in a Braun MSK cell
homogenizer (B. Braun Biotech Inter-
n at i o n a l , M e l s u n ge n , G e rm a ny ) , a n d
were further purified by treatment with
RNase A (25 g/mg of CW) and
DNase I (2.5 g/mg) and trypsin (25

g/mg) for 4 h at 37°C. All enzymes
used were purchased from Sigma Che-
mical Co. (St. Louis, MO). After en-

zyme treatments, the BCW were dia-
lyzed against sterile water and lyophi-
lized. 
The lyophilized BCW were subjected
to sonication for approx. 80 minutes in
a Branson Sonifier Model B15 (Smith-
Kline Co., Danbury, CT). After sonica-
tion, the supernatants were centrifuged
at 10,000 g for 30 minutes (Sorvall RC-
5C centrifuge, SS-34 rotor). The super-
natants from 10,000 g were centrifuged
at 100,000 g at 4°C for 60 minutes in a
Sorvall OTD-65B ultracentrifuge (Du
Pont Co., Wilmington, DE; Ti60 rotor).
The pellets from 100,000 g were resus-
pended in phosphat e - bu ffe red saline
(PBS) for a 30 s sonication and labeled
as 100p60. This 100p60 preparation of
different BCW was used in all experi-
ments. It is known that this BCW pre-
paration from certain bacterial strains
can induce ch ronic art h ritis in a rat
model (22). Fi n a l ly, BCW solutions
we re fi l t e red through 0.45 m pore
size filters (Millipore S.A. Molsheim,
France) and stored at 4°C before use. 
The Limulus Amebocyte Lysate assay
was used to exclude any possible LPS
c o n t a m i n ation in our re agents and
BCW preparations. E-TOXATE® rea-
gents were purchased from Sigma Che-
mical Co. The assays of endotoxin gave
negative result (< 0.3 EU/ml) for all
reagents and CW preparations used.

Proliferation assays
Proliferation assays were performed to
study the mononuclear cell responses
to heat-killed enterobacteria (SE, YE,
and EC) and to BCW of EA, EL, LC,
LF, and SP. PHA and PPD were used as
c o n t rols. Isolated PBMC or SFMC
were cultured at a concentration of 1 x
1 05 c e l l s / well in fl at-bottom 96-we l l
plates (Costar, Cambridge, MA) with
appropriate antigen at 37°C in 5% CO2

incubator for 6 days. On the day 6 [3H]
thymidine was added at 0.2 Ci/well.
The cells were incubated for another 18
h, then harvested onto glass fiber fil-
ters. The incorporated radioactivity was
d e t e rmined in a liquid scintillat i o n
counter. Experiments were performed
in triplicate. The results are expressed
as mean stimulation indices (SI). Stim-
ulation indices are defined as the prolif-
eration (counts per minute, cpm) induc-

ed by an antigen divided by the back-
ground proliferation. A significant re-
sponse is defined as SI >3 and cpm (the
[3H] thymidine uptake) >1,000.

TNF- induction and detection
Cells were stimulated with BCW pre-
parations of EA, EL, LC, LF, or SP, or
with heat-killed entero b a c t e ria (SE,
YE, or EC) at 37°C for 20 h in flat-bot-
tom 24-well tissue culture plates (Co-
s t a r, C a m b ri d ge, MA). Lipopoly s a c-
charide (LPS) from EC serotype 0127:
B8 (Sigma Chemical Co.) was used as
a control. Culture supern atants we re
collected and stored at -70°C prior to
the cytokine determ i n ation. T N F -
concentrations of the supernatants were
measured by using ELISA kits from
CLB (Amsterd a m , The Netherl a n d s ) .
The sensitivity of assays was 40 pg/ml.
All cytokine assays were carried out in
duplicate.

Statistical analysis 
The non-parametric one-way ANOVA
with Kruskal-Wallis test was used for
multiple comparisons. Thereafter, the
Mann-Whitney U-test was used for the
comparisons between two groups. To
test the differences among the repeated
measurements, the non-parametric one
way analysis of repeated measurements
with Friedman test was used. There-
after, Wilcoxon signed rank test was
used for the paired comparisons. All
statistics were done by the STATISTI-
CA 5.0 (97th ed., Statsoft.Inc., Tulsa).
Differences were considered statistical-
ly significant when P < 0.05.

Results
Proliferation responses of PBMC and
SFMC to enterobacteria 
To elucidate the potential role of enter-
o b a c t e ria in the etiopat h ogenesis of
R A , the pro l i fe ration responses of
PBMC and SFMC from patients with
e a rly RA we re studied. Th ree heat -
killed enterobacteria (SE, YE, and EC)
we re used as antigens. The pat i e n t s
with other types of inflammatory arth-
ritis served as controls. PHA (100

g/ml) and PPD (10 g/ml) we re
used as mitogen and antigen controls.
Significant responses to all three enter-
obacteria were detected in most of the
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samples from the patients and healthy
donors (Fig. 1). Regarding PBMC re-
sponses against SE, YE, and EC, pa-
tients with early RA or with other types
of arthritis showed values of the similar
magnitude, although significantly low-
er than those of blood donors (healthy
controls). The same observations were
made with using the non-enteric anti-
gen PPD. In PBMC responses, the fre-
quency of patients with significant pro-

liferation responses against enterobac-
teria was 39% in early RA and 59% in
other types of arthritis. For the SFMC
re s p o n s e s , the corresponding fi g u re s
were 56% and 66%, respectively. No
s i g n i ficant diffe rence between early
RA and other types of arthritis was ob-
served. These data were obtained by
using 107 bacteria/ml and an incubation
time of 6 days, which were found to be
optimal. In all the groups studied, sig-

nificant proliferation responses of both
PBMC and SFMC to PHA and PPD
were observed in the majority of sam-
ples.

Proliferation responses to different
concentrations of BCW
To find the optimal concentration of
BCW in pro l i fe ration re s p o n s e s ,
PBMC and SFMC from patients with
early RA were incubated with different
concentrations of BCW of EA,EL, LC,
LF, and SP. The optimal concentration
of BCW for proliferation assays was
o b s e rved to be 10 g/ml (Fi g. 2),
which was used in all further experi-
ments. 

Proliferation responses to different
BCW in early RA
To study whether patients with early
RA have aberrant proliferation respon-
ses of PBMC or SFMC to any particu-
lar BCW, the BCW from EA, EL, LC,
LF, and SP were used. The responses to
BCW were observed to be highly vari-
able (Fig. 3). In PBMC responses, the
frequency of patients with significant
p ro l i fe ration responses against BCW
was 8.1% in early RA and 7.5% in
other types of arthritis. For SFMC re-
sponses the corresponding figures were
23% and 35%, respectively. No signifi-
cant difference was observed between
early RA and other arthritides. Consid-
erably high proliferation responses of
PMBC and SFMC against BCW were
observed in some of the patients with
e a rly RA or other types of art h ri t i s .
H oweve r, the same patients usually
showed increased responses to two or
more antigens. Likewise, no significant
d i ffe rence was observed betwe e n
patients with early RA and those with
other types of arthritides. 

TNF- responses induced by different
bacterial antigens in early RA
To investigate the potency of bacterial
antigens to induce TNF- production,
enterobacteria and BCW were incubat-
ed with PBMC or SFMC from patients
with early RA. Other infl a m m at o ry
arthritides were used as a comparison
group, and LPS as a positive control.
The results show that all three enter-
o b a c t e ria (107 cells/ml) and the five

Fig. 1. Proliferation responses of peripheral blood mononuclear cells (PBMC) and synovial fluid
mononuclear cells (SFMC) to heat-killed Salmonella enteritidis (SE), Yersinia enterocolitica (YE), or
Escherichia coli (EC). Phytohemagglutinin (PHA) and tuberculin purified protein derivatives (PPD)
served as controls. = early RA; = other arthritides; = healthy donors. Each symbol represents one
individual (some of the symbols are completely overlapping). The median values are indicated by a line
and the stimulation index of 3 by a dashed line. * P < 0.05, ** P < 0.01, *** P < 0.001. In the upper
panel, the asterisks refer to the comparison of ear ly RA or other arthritides patients to healthy donors;
in the lower panel, they refer to the comparison between respective PBMC responses and SFMC
responses.
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BCW (10 g/ml) stimulate PBMC and
SFMC to produce TNF- at least on
same level as that induced by LPS (1

g/ml) (Fig. 4). In PBMC responses,
no significant difference was observed
between early RA and other arthritides
(data not shown). Generally the prolif-
eration responses by PBMC were lower
than those by SFMC. In contrast to
PBMC, SFMC from patients with early
RA seemed to produce higher amounts
of TNF- than that produced by SFMC
f rom patients with other art h ri t i d e s ;
this applies to stimu l ation by BCW
from EA and to stimulation by heat-
killed SE, YE and EC (Fig. 4). 

Discussion
P rev i o u s ly it has been rep o rted that
PBMC and SFMC of RA patients may
show significant proliferation respons-
es to Eubacterium and Streptococcus
BCW (19). However, this question has
not been addressed in the patients with

Fig. 2. Proliferation response against Gram-pos-
itive bacterial cell walls (BCW) in early rheuma-
toid arthritis (RA). Paired samples of PBMC and
SFMC were incubated with different concentra-
tions of BCW. The results represent mean values
± standard deviations (SD) of 3-7 patients, and
are pooled data obtained with BCW from Eubac -
terium aerofaciens, Eubacterium limosum, Lac -
tobacillus casei, Lactobacillus fermentum, and
Streptococcus pyogenes. 

Fig. 3. Proliferation responses to different bac-
t e rial cell walls (BCW) in early rheumat o i d
arthritis (RA). BCW (10 g/ml) of Eubacterium
aerofaciens (EA), Eubacterium limosum (EL),
Lactobacillus casei (LC), Lactobacillus fermen -
tum (LF), or Streptococcus pyogenes (SP) were
incubated with PBMC (upper panel) or SFMC
(lower panel) from patients with early RA for 6
days. Samples from patients with other inflam-
m at o ry art h ritides and from healthy donors
s e rved as controls. = early RA; = other
arthritides; = healthy donors. Each symbol rep-
resents one individual. The median values are
indicated by a line. The value of 3 for SI is indi-
cated by a dashed line. 
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newly developed RA. Several observa-
tions suggest that studies on patients
with early RA could contribute to our
understanding of the etiopathogenesis
of RA (24). Given this consideration,
we collected PB and SF samples from
RA patients as early as possible during
their disease history. All of the RA pa-
tients studied in the present work had a
disease duration of less than 1 year (av-
erage 5 months). The diagnoses were
c o n fi rmed re t ro s p e c t ive ly. Patients with
other infl a m m at o ry art h ritides we re
used as a control group. Although sev-
e ral clinical fe at u res are comparabl e
between the two groups, a difference in
the disease duration (mean of 5 months
for early RA vs. 5 years for the control
group) is obvious; this was mainly due

to the difficulty of recognizing patients
with early psoriatic arthritis. 
A c c o rding to our re s u l t s , i n c re a s e d
PBMC responses to heat-killed enter-
o b a c t e ria (SE, YE and EC) we re
observed in individuals from the three
groups studied. However, it is remark-
able that significant SFMC responses
to these antigens were observed both in
the patients with early RA and in those
with other types of arthritis. In most
cases the same patients showed in-
creased responses to several antigens,
p ro b ably due to a cro s s - reaction or
bystander-activation. It is also of inter-
est that similar results were observed
when a variety of Gram-positive BCW
derived from enteric bacteria was used.
It is apparent that T cells reactive to

some bacterial antigens exist in the SF
and PB of patients with early RA, but
they are also present in other inflamma-
t o ry art h ritides. Furt h e rm o re, the re-
sponses of PBMC from early RA pa-
tients are significantly lower than the
responses of those from healthy blood
donors. A lower proliferation response
by PBMC against the causat ive mi-
crobes compared to the SFMC respon-
ses has also been reported in reactive
arthritis, of which the exact underlying
mechanism is currently unknown (25,
26). Although a comparison between
the patients and healthy individuals is
not the focus of the present study, it
needs some explanation. For example,
it might be that PBMC with reactivity
to the bacterial antigens migrate to the
i n flamed joint tissue, leading to a
decreased frequency of the responding
cells in the periphery (6, 7, 27). We also
observed that in early RA, SFMC pro-
l i fe ration responses against PPD are
higher than those shown by PBMC,
which is in line with a previous report
(28). 
The present results indicate that the
enterobacteria and BCW used have a
c apacity to stimu l ate T N F - p ro d u c-
tion. The level of TNF- induced by
these antigens is similar to or higher
than that induced by the LPS control. It
is of interest that SFMC of RA patients
show higher TNF- responses to some
bacterial antigens than those from other
types of arthritides (Fig. 4). Whether
this re flects their ge n e ral activity or
something else cannot be determined at
p resent. These results are in concert
with our previous findings, indicating
t h at the human immune system re-
sponds to antigens of the intestinal in-
digenous bacteria by cytokine produc-
tion (28).
Based on our results, it seems that the T
cells re a c t ive with bacterial antige n s
such as BCW can be found in the SF of
patients with early RA. The variability
of the proliferation responses did not
correlate with the positivity of rheuma-
toid factor, the previous infection histo-
ry or the treatments administered (data
not shown). Although the significance
of these findings is not clear, there are
several possibilities. First, bacteria or
their components might persist in the

Fig. 4. Tumour necrosis factor-alpha (TNF- ) production of PMBC and SFMC from patients with
early rheumatoid arthritis (RA) or with other types of arthritis (other A). PBMC and SFMC were incu-
bated with BCW (10 g/ml) of Eubacterium aerofaciens (EA), Eubacterium limosum (EL), Lacto -
bacillus casei (LC), Lactobacillus fermentum (LF), or Streptococcus pyogenes (SP),or with heat-killed
Salmonella enteritidis (SE), Yersinia enterocolitica (YE), and Escherichia coli (EC). CM = culture
medium. Lipopolysaccharide (LPS) (1 g/ml) was used for comparison. Each column represents three
patients (a mean ( SD). * P < 0.05. In the upper panel, PBMC responses are compared to SFMC
responses in early RA; in the lower panel, SFMC responses in other types of arthritis are compared to
those in early RA.
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i n flamed joint tissue, or be re l e a s e d
from a reservoir in other parts of the
body either continually or intermittent-
ly. Th u s , in ge n e t i c a l ly suscep t i bl e
individuals the bacterial antigens might
be presented by antigen pre s e n t i n g
c e l l s , a c t ivate T cells and maintain
local immune responses. It is known
t h at some indigenous bacteria can
translocate from the intestine (29), and
bacterial components are detected even
in the circulation of healthy individuals
(30, 31). This is also supported by stud-
ies using PCR or immunohistochem-
istry (5, 32, 33). Nevertheless, so far no
e t i o l ogical agents have been rep ro-
ducibly and convincingly identified in
the rheumatoid joints. Second, synovial
T cells with reactivity to microbial anti-
gens may migrate to the joint tissue
from other parts of the body, for exam-
ple from the mucosa-associated lym-
phoid tissues. Recently it has been
shown that human immunoblasts have
dual binding capacity to the mu c o s a
and inflamed synovial endothelium (6).
There are also reports suggesting that T
cells are continuously recruited into the
affected RA joints (27). Finally, those
synovial T cells reacting with bacterial
antigens may be cross-reactive by mol-
ecular mimicry or be activated by a
bystander effect (34-37). 
In summary, we observed signifi c a n t
proliferation responses of PBMC and
SFMC to different enterobacteria and
BCW derived from normal intestinal
microbiota in some patients with early
RA. However, regarding the individual
bacterial antigens, such responses seem
to be non-specific and similar respons-
es were also found in other inflamma-
tory arthritides. Furthermore, the enter-
o b a c t e ria and BCW used have the
capacity to induce TNF- production
by both PBMC and SFMC. The TNF-
response by SFMC, stimulated by EA
BCW, SE,YE, or EC, was significantly
higher in early RA than in other types
of art h ritis. Our results suggest that
intestinal bacterial agents might play a
role in the etiopathogenesis of RA, but
the effect appears to be non-specific.
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