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Polyclonal B cell activation in ankylosing spondylitis
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Abstract
The peripheral blood lymphocyte response of
patients with ankylosing spondylitis (AS) to
several polyclonal B cell activators was
investigated. No differences were found in the
reactivity to pokeweed mitogen and protein A
between patients and controls; in contrast,
the peripheral blood lymphocyte response to
Staphylococcus aureus strain Cowan I (SAC)
was significantly higher in patients with AS
than in controls. This responsiveness was not
influenced either by the presence of the HLA-
B27 antigen or by environmental factors or
associated diseases, and it was higher in
patients with active AS than in those with
inactive disease. The percentage of circulat-
ing B celis was normal. The responses to T
celi mitogens and the percentages of T celi
subpopulations were similar in patients and in
controls. The peripheral blood lymphocyte
hyperactivity of patients with AS to SAC was
associated with an increased in vitro produc-
tion of immunoglobulins.
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Despite its close association with HLA-B27 of
the major histocompatibility complex, ankylos-
ing spondylitis (AS) remains a disease of un-

known cause. It has been suggested by two
different groups of researchers that Klebsiella
pneumoniae may have a role in the pathogenesis
of AS in B27 positive subjects. 1 2 Although the
evidence for an association between klebsiella
and AS is conflicting,3 it is generally agreed that
environmental factor(s), in addition to predis-
posing genetic determinants, may be important
in the pathogenesis of the disease.4
Some authors have postulated a pathogenetic

role for other parasites, such as Streptococcus
faecalis, Escherichia coli, Clostridium perfringens,
and Epstein-Barr virus.5 6 The common deno-
minator of these micro-organisms is their ability
to behave as polyclonal B cell activators for
mouse and human lymphocytes.7-'0

Increased concentrations of serum immuno-
globulins in patients with AS have been con-

sidered an expression of B cell hyperactivity.
Furthermore, increased proportions of peri-
pheral B lymphocytes"' and immunoblasts12
have been reported in AS.

In this investigation the in vitro response of
lymphocytes to several polyclonal B cell acti-
vators was studied as an expression of polyclonal
B cell activation. The results show an increased
proliferative and secretive response of lympho-
cytes from patients with AS to Staphylococcus
aureus strain Cowan I (SAC), a strong poly-
clonal B cell activator.'3

Patients and methods
PATIENTS
Four groups of subjects were studied. Group A:
40 patients (31 male, nine female) with AS
according to the Rome and New York criteria,
with an average age of 40-6 (SD 12-1) years; 35
patients were HLA-B27 positive. Group B: 10
patients (four male, six female) with AS associ-
ated with other diseases (seven with psoriatic
arthritis, and one patient each with reactive
arthritis, Reiter's syndrome, and ulcerative
colitis), with an average age of 43-1 (8 1) years
and mean disease duration of 7-2 (2 3) years;
four patients carried HLA-B27. Group C: 25
relatives and cohabitants of group A patients (14
male, 11 female); 10 were HLA-B27 positive. To
detect previously undiagnosed AS each
member of group C answered a questionnaire
about back pain and associated symptoms; those
who had a significant history received sacroiliac
joint x rays. Group D: 40 healthy subjects
matched for age and sex; all HLA-B27 negative.

Nineteen patients from group A were con-
sidered active because they experienced signifi-
cant pain, active peripheral arthritis, morning
stiffness, or acute anterior uveitis. 14 The subjects
took no drugs in the 24 hours before the study.

PREPARATION OF LYMPHOCYTES
Peripheral venous blood was collected with
heparin; mononuclear cells were isolated by
centrifugation on a Ficoll-Hypaque (Eurobio;
Paris) density gradient.

MITOGEN RESPONSE
Peripheral blood lymphocytes were suspended
in RPMI 1640 supplemented with 10% fetal calf
serum (Flow Laboratories, Irvine, UK), 1% L-
glutamine (200 mmol/l), streptomycin (200
[tg/ml), and penicillin (200 IU/ml). Triplicate
cultures were set up in tissue culture micro-
plates (Microtest II Falcon, California, USA)
using 2 x 105 cells/0-2 ml in each well. After 72
hours at 37°C in a 5% CO2 atmosphere the
cultures were pulsed with tritiated thymi-
dine (18-5 kBq/well; Radiochemical Centre,
Amersham, England). Twenty four hours later
the cells were harvested with a Microtiter
Dynatech Automash on a glass fibre paper. Cell
incorporation of [3H]thymidine was counted on
a Beckman liquid scintillation counter after
addition of scintillation fluid.

PHYTOHAEMAGGLUTININ AND OTHER MITOGENS
Phytohaemagglutinin (Difco, Detroit, USA)
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was used at a final concentration of 1 [tg/200 1d;
concanavalin A (Calbiochem, Lucerne, Switzer-
land) at a final concentration of 3 [tg/200 ,ul;
pokeweed mitogen (Gibco, Glasgow, UK) at a
final dilution of 1:1000; protein A (Pharmacia,
Uppsala, Sweden) at a final concentration of 4
,ug/l; a heat and formalin treated suspension of
SAC was added at a concentration of 6x 106
bacteria/20 1d to each well.'5

T LYMPHOCYTE SUBPOPULATIONS
T lymphocyte subpopulations were tested'6 by a
cytotoxicity test using the monoclonal anti-
bodies OKT3, OKT4, and OKT8 (Ortho
Pharmaceuticals Co, New Jersey, USA).

B LYMPHOCYTES
Peripheral blood lymphocytes were incubated
in serum free RPMI 1640 at 37°C for 30 minutes
and washed three times at 37°C. Fluorescein
isothiocyanate conjugated F(ab')2 goat IgG was
used against human light and heavy chains
(Behring Institute, Italy). After the last washing
the cell pellet was resuspended in 50 it of the
mixed fluorescein isothiocyanate conjugated
reagents; the cells were then incubated at 4°C
for 30 minutes at the optimal dilution and were

thereafter washed twice in phosphate buffered
saline (PBS) with 0-1 g/l bovine serum albumin.
The cells were mounted on a microscope slide
under a cover glass and read at 400xmagnifi-
cation. Interference microscopy was used to
identify non-fluorescing cells.

IN VITRO IMMUNOGLOBULIN SYNTHESIS

Peripheral blood lymphocytes suspended at
2 x 106 cells/ml in RPMI 1640 medium, supple-
mented as for the mitogen response, were
cultured in flat bottomed plates (Flow Labora-
tories, Irvine, UK). Pokeweed mitogen, SAC,
or no mitogen was added at the set up of the
culture; cells were cultured for seven days at
37°C in a 5% CO2 humidified atmosphere. The
supernatants were then separated from the cells
after centrifugation for 10 minutes at 400 g,

collected, and stored at 4°C.

MEASUREMENT OF IMMUNOGLOBULIN SECRETION
IN CULTURE SUPERNATANTS
An enzyme linked immunosorbent assay

(ELISA) was used to measure secreted IgG,
IgA, and IgM in culture supernatants. The
wells of the microtitre plates (Flow Laboratories,
Irvine, UK) were coated with goat antihuman
immunoglobulin serum (F(ab')2-antihuman IgG,
IgGA, IgM; Cappel Laboratories, USA) and
stored overnight at 4°C. The plates were washed
three times with PBS-Tween 20, then the
supernatants from the lymphocyte cultures
were added to the wells; after one hour the
plates were washed with PBS-Tween 20. The
bound IgA, IgG, and IgM were detected with
peroxidase conjugated goat antihuman IgG,
IgA, or IgM respectively (Bio-Yeda, Rheovot,
Israel). The absorbance at 492 nm was measured
with a Titertek Multiskan (Flow Laboratories,

UK). The amount of class specific immuno-
globulin was determined from standard curves
obtained from samples with known amounts of
human immunoglobulin (IgA, Bio-Yeda, Israel;
IgG and IgM, Sigma Chemical Co, St Louis,
USA).

STATISTICAL ANALYSIS
The responses to various mitogens in patients
were compared with responses in controls using
Wilcoxon's rank sum test; the responses of
patients' groups to SAC were compared by the
Kruskal-Wallis test.

Results
MITOGEN RESPONSE
The unstimulated peripheral blood lymphocytes
of patients with AS showed a lower thymidine
uptake than the peripheral blood lymphocytes
in normal controls, but the difference did not
reach statistical significance. The response of
peripheral blood lymphocytes to phytohaemag-
glutinin, concanavalin A, pokeweed mitogen,
and protein A showed no difference between
patients and controls. In contrast, the response
to SAC was significantly higher in patients than
in controls (table 1).
To investigate the factors that might influence

the peripheral blood lymphocyte response to
SAC in patients with AS we considered the
disease activity, the presence of HLA-B27
antigen, and environmental factors, as well as
associated diseases. Table 2 summarises the
results. No differences in the response to SAC
were found between HLA-B27 positive and
negative patients. Furthermore, the SAC
response of healthy B27 negative controls did
not differ from that of HLA-B27 negative and
HLA-B27 positive patients' relatives and family
members (table 2).

Table 1: Response of lymphocytes from patients with
ankylosing spondylitis and from healthy controls to various
mitogens. Results show the mean (SD) counts per minute

Mitogens Patients Controls

None 576 (261) 824 (397)
PWMt 23 130 (7 550) 23 825 (6 120)
Protein A 36 870 (11 680) 34 223 (11 168)
SACt 14 326 (3 710)* 9 675 (2 810)

:p<001 (data from patients and controls were compared for
each mitogen).
tPWM=pokeweed mitogen; SAC=Staphylococcus aureus strain
Cowan I.

Table 2: Factors influencing lymphocyte response ofpatients
with ankylosing spondylitis (AS) to Staphylococcus aureus
Cowan I

Subjects HLA-B27 Mean response (SD)
(cpm)

Patients with AS + 13 934 (2 015)
Patients with AS 12 391 (3 021)
AS+other diseases + 9 215 (2 605)
AS+other diseases 9 110 (2 515)
Relatives + 8 715 (1 810)
Relatives 9 115 (2 590)
Family members 9 510 (1 920)
Healthy controls 9 675 (2 810)
Patients with active AS 16 970 (2 783)
Patients with inactive AS 8 770 (1 929)

Pp<001, patients with active AS v those with inactive AS.
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Table 3: In vitro immunoglobulin production (nglml) by
lymphocytes from patients with ankylosing spondylitis and
from healthy controls. Results are given as mean (SD)

Stimulation Ig classes Patients Controls

None G 229 (88) 120 (60)
A 141 (56) 80 (41)
M 139 (68) 110 (55)

PWMt G 1200 (670) 1187 (529)
A 380 (210) 420 (160)
M 750 (187) 650 (201)

SACt G 970 (250) 810 (270)
A 450 (132) 380 (140)
M 850 (202)* 610 (150)

''p<O05.
tPWM=pokeweed mitogen; SAC=Staphylococcus aureus strain
Cowan I.

In the 10 patients with AS who also had other
diseases (group B) we found no difference in
SAC response in comparison with the healthy
controls.
Those patients with active disease showed a

significantly higher response to SAC than
patients with inactive disease and healthy
controls. Moreover, patients with active disease
showed a slightly increased percentage of cir-
culating B lymphocytes.
The percentage of OKT3+, OKT4+, and

OKT8+ cells and theOKT4/OKT8 ratio showed
no differences between patients and healthy
controls.

IMMUNOGLOBULIN SYNTHESIS
The IgG concentrations in the supernatants of
patient peripheral blood lymphocyte cultures
were similar to those found in the supernatants
of controls even when the peripheral blood
lymphocytes were stimulated with pokeweed
mitogen (table 3). In contrast, stimulation by
SAC caused a higher production of immuno-
globulin by patients' peripheral blood lympho-
cytes than by those of controls, but only IgM
concentrations reached statistical significance
(table 3).

Discussion
These results show that the peripheral blood
lymphocyte response to SAC by patients with
AS is higher than that of healthy family
members of patients with AS and that of HLA-
B27 positive or negative healthy subjects. This
hyperresponsiveness was found to be associated
with the disease activity. Moreover, peripheral
blood lymphocytes from all patients with AS
showed an increased in vitro production of
immunoglobulin only after SAC stimulation. In
addition, the percentage of T cell -subpopu-
lations was similar in patients and in controls.
The responsiveness to SAC has already been

studied in association with other rheumatic
diseases. An impaired peripheral blood lympho-
cyte response to peptidoglycan from Staphylo-
coccus aureus and in vitro production of
rheumatoid factor were shown in patients with
rheumatoid arthritis and in healthy subjects
respectively.'7 18 Furthermore, an impaired
response to SAC was shown in systemic lupus
erythematosus and in Behcet's syndrome.'9 20

The main point raised by our study is that the
increased peripheral blood lymphocyte respon-
siveness to SAC in patients with AS seems to be
related to the disease activity. This observation
is in agreement with the findings reported by
others showing increased concentrations of
immunoglobulin during the period of disease
activity.2'
The presence of the HLA-B27 antigen does

not seem to influence the peripheral blood
lymphocyte responsiveness to SAC, though this
observation is not in keeping with other reports
about expression of immune reactivity.22 23
Similarly, environmental factors do not appear
to have a role in the response to SAC as no
differences were found between patients and
their relatives and family members.
The lack ofan association between lymphocyte

responsiveness of patients with AS and SAC,
protein A, and pokeweed mitogen may be
explained by the fact that pokeweed mitogen
and protein A are T cell dependent polyclonal B
cell activators, whereas SAC is a T cell indepen-
dent B cell activator. 13 24
This finding focused our interest on B cell

function. The data about B cell involvement in
AS are controversial; increased proportions of B
lymphocytes' and immunoblasts'2 have been
reported, but there is some controversy about
the technical procedures that were used."1 12 25
We used F(ab')2 reagents and found an in-
creased number of circulating B cells in some of
our patients.

Increased concentrations of IgG in the serum
of patients with AS have been considered to be a
sign of polyclonal B cell activation.26 Yersinia
enterocolitica and SAC have been reported to
lead to an increased in vitro production of IgG,
whereas pokeweed mitogen induces low concen-
trations of IgM; increased concentrations of IgA
have been found in unstimulated cultures.27 28
Our data partially agree with these reports.
Indeed, we found a slight increase in the
spontaneous production of immunoglobulin in
patients with AS, even though the response
reached significance only when peripheral blood
lymphocytes were stimulated with SAC.

In conclusion, the possibility exists that
under particular circumstances, which remain to
be clarified, the introduction of a polyclonal B
cell activator into an organism may alter the
host immunoreactivity.
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