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Interleukin lIa and I production by cells isolated
from membranes around aseptically loose total joint
replacements

Carole I Westacott, Graham Taylor, Roger Atkins, Chris Elson

Abstract
Aseptic loosening of joint prostheses is
accompanied by local osteolysis. To deter-
mine whether local production of interleukin 1
might contribute to such lysis, the number of
interleukin 1 secreting cells in the pseudo-
synovial membrane surrounding prostheses
was measured. Interleukin la and 13 secreting
cells were identified by ELISPOT, a sensitive
cytokine secreting assay. The proportion of
interleukin 113 secreting cells in pseudo-
synovial membrane was comparable with the
proportion occurring in the synovium of
patients with rheumatoid arthritis and higher
than that in normal subjects and patients with
osteoarthritis. The proportion of interleukin
la producing celis was higher in pseudo-
synovial membrane than in diseased synovium.
Overall, higher numbers of interleukin 113 than
interleukin la secreting cells were detected. A
correlation was observed between the number
of cells in pseudosynovial membrane produc-
ing interleukin 13 and those producing inter-
leukin la. When divided into area of origin,
tissue samples from the femoral area con-
tained a higher proportion of interleukin 1B
producing cells than tissue in the acetabular
or capsular regions, though due to variance
within each group this difference did not
reach significance.
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Aseptic loosening, characterised by prosthetic
migration and progressive radiographic osteoly-
sis at the bone-cement interface,' is the major
cause of failure of total hip joint replacements.
In the early stages, the process is often asymp-
tomatic, though as lysis progresses the pros-
thesis becomes mechanically unstable and the
patient experiences pain. In later stages the
localised lysis around the prosthesis may be
sufficiently severe to compromise bone stock
and make revision hip replacement technically
difficult.
The cause of aseptic loosening remains

controversial. It was thought to be a mechanical
phenomenon2 and changes in prosthetic design
have been shown to alter the rate of loosening.3
There is a membrane, however, which is
invariably present within the zone of lysis which
is histologically and histochemically similar to
synovium4 and is rich in macrophages. This
membrane has been called pseudosynovial
membrane.4 When cultured, cells from pseudo-
synovial membrane resemble synoviocytes and
have been shown to produce collagenase and
prostaglandin E2/' Pseudosynovial membrane
cell supernatants also contain bone resorbing

activity as assessed by the release of calcium-45
ions (45Ca2") from mouse calvarial explants.5

Prostaglandin E2 is known to be a potent
bone resorbing agent and it has been suggested
that it plays an active part in local osteolysis.4
Other bone resorbing agents have also been
identified and these include products from
stimulated macrophages such as interleukin 16
and tumour necrosis factor a.' In addition,
these molecules have been shown to induce the
proliferation of synoviocytes8 9 and enhance
synoviocyte production of prostaglandin E2 and
proteases,'I1 thereby potentially exacerbating
bone destruction. Although interleukin 1 like
molecules have been detected in supernatants
from cultured pseudosynovial membrane cells
and tissue fragments using the lymphocyte
activating factor assay,'2 13 this assay does not
differentiate between interleukin lIa and inter-
leukin 113 and also detects interleukin 2 and
interleukin 6.14 15 Thus it remains to be
established that interleukin 1 is actively secreted
by pseudosynovial membrane and whether it
contributes to the observed osteolysis.
The primary aim of this work was therefore

to show that cells isolated from pseudosynovial
membrane actively secrete interleukin 1 and to
determine the proportion secreting interleukin
la and 13. The secondary objective was to
determine whether the amount of interleukin 1
produced by pseudosynovial membrane was the
same as that produced by tissues associated with
local osteolysis. We compared the proportion of
interleukin la and 13 secreting cells in pseudo-
synovial membrane with the proportion found
in synovium from patients with rheumatoid
arthritis (RA) and synovium from non-arthritic
subjects and patients with osteoarthritis (OA).

Patients and methods
TISSUE STUDIED
Tissue samples were obtained at the time of
surgery from 10 patients with OA (six women,
four men, mean age 69 years, range 57-86)
undergoing revision operations for clinical failure
after total hip replacement. All patients had
radiographic and clinical evidence of aseptic
prosthetic loosening. Membranous material was
obtained from the bone-cement interface at sites
along the femur adjacent to areas with radio-
graphic evidence of bone destruction. In some
patients samples of pseudocapsule or pseudo-
synovial membrane from the acetabular bone-
cement interface were also obtained. To ascertain
that loosening was not due to infection, samples
of tissue were subjected to histological and
bacteriological examination. Serum samples

638
 on M

ay 19, 2023 by guest. P
rotected by copyright.

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.51.5.638 on 1 M

ay 1992. D
ow

nloaded from
 

http://ard.bmj.com/


Interleukin I production by pseudosynovial membrane cells

obtained before the operation were assayed for
C reactive protein and the plasma viscosity was
measured.
To determine whether cytokine production

occurred only adjacent to prostheses in the
presence of active osteolysis, tissue was obtained
from a patient with OA (a 47 year old woman)
undergoing revision ofa malpositional acetabular
component of a total hip prosthesis for recur-
rent dislocation. In this patient there was no
clinical nor radiographic evidence of loosening.
During the operation the prosthesis was found
to be soundly fixed. Material was also obtained
from within the medullary canal in two patients
(one woman, one man, aged 29 and 40 years
respectively) at the time of removal of the intra-
medullary nails which had been inserted at least
18 months previously for the treatment of
femoral shaft fracture. In these patients the
fracture was soundly united and there was no
evidence of osteolysis.

For comparison, samples of diseased syno-
vium were obtained from 26 patients undergoing
total joint arthroplasty. Of these, 17 patients (11
women, six men, mean age 70 years, range
26-86) presented with OA and nine (all women,
mean age 60 years, range 43-77) with RA.
Samples of synovium for use as controls were
also obtained from three non-arthritic subjects
undergoing diagnostic arthroscopy of the knee
(one woman, two men, mean age 51 years,
range 37-64).

PREPARATION OF CELL SUSPENSIONS
All tissue samples were washed in sterile phos-
phate buffered saline (PBS^ 0-15 M, pH 7 4),
cut into small pieces (3 mm ) and the fragments
were incubated in PBS containing 5 mg/ml
collagenase IA (Sigma) for two hours at 37°C
with shaking. Dissociated cells were harvested
and washed twice in PBS before resuspension in
RPMI 1640 tissue culture medium (Gibco;
supplemented with 2 mM L-glutamine, 100
U/ml penicillin, 100 [tg/ml streptomycin, 25
mM HEPES, 5% heat inactivated human
serum). Cell suspensions were filtered through
sterile metal gauze (pore size 40 [tm) to remove
cell debris. Cells were counted and the viability
checked using trypan blue dye exclusion.

CYTOKINE SECRETING CELL ASSAY
The assay used was a modification of that
developed by Hutchings et al'6 and used anti-
bodies to both capture and visualise secreted
cytokines, thereby enabling cytokine secreting
cells to be identified. Briefly, 96 well plates

Numbers of interleukin I a and /3 producing cells isolated from synovium and pseudosvnovial
membrane

Source of tissue Number (%) of samples Number ('s) o/ samples
containing interleukin 1/i contamiing interleukin I(i
producing cells* producing cells:

Non-arthritic subjects (n=3) 1/3 (33) 0/1
Patients with OA (n=17) 13/17 (76) 3/10 (30)
Patients with RA (n=9) 7/10 (70) 2/9 (22)
Revision patients (n=10) 17/22 (77) 11/17 (65)

RA =rheumatoid arthritis; OA=osteoarthritis.
*Counted in triplicate at 1000 cells/test wall.

were coated (overnight, 4°C) with mouse mono-
clonal antihuman interleukin la or interleukin
13 (10 .tg/ml; RU 280-2-13 and RU 609
respectively). The plates were washed and
blocked with 1% w/v PBS/BSA (bovine serum
albumin in phosphate buffered saline) and the
test cells (1 x 103-1 x 104/well) in RPMI 1640
complete medium were incubated overnight (14
hours, 37°C, 5% carbon dioxide) alone or in the
presence of 200 ng/ml lipopolysaccharide from
Eschericia coli 055 B5 (Sigma). Cells were
removed by washing three times with cold PBS
containing 0 5% (w/v) Tween 20 (PBS/T).

Polyclonal sheep antihuman interleukin la or
13 diluted 1/500 and 1/1500 respectively in
PBS/BSA containing 0-5% Tween 20 were
added and plates incubated for one and a half
hours at 37°C. After washing three times with
PBS/T, alkaline phosphatase conjugated anti-
sheep IgG (Sigma) was added and the plates
were incubated for a further one and a half
hours at 37°C. The enzyme substrate, 5-bromo-
4-chloro-3-indoyl phosphate (Sigma) containing
0-6% agarose was added after further washing to
remove excess conjugate. The agarose was
allowed to solidify and the plates were incubated
at 37°C overnight (14 hours) to allow the
development of the discrete spots of insoluble
blue colour which were counted under an
inverted microscope. Results were the mean
number of spots in triplicate wells expressed as
a percentage of the number of cells (1000) added
to each well.

STATISTICAL ANALYSIS
The significance in the difference in the propor-
tion of cytokine secreting cells in tissue samples
from different groups of subjects was deter-
mined using the Mann Whitney U test. Corre-
lations between the proportion of cells producing
interleukin 1,B and those producing interleukin
lI were examined by Spearman's rank corre-
lation coefficient.

Results
Histological investigation showed the presence
of foreign body type giant cells in association
with polyethylene and cement particles in five
of the six pseudosynovial membrane samples
examined; evidence of inflammatory activity
was absent. Samples of pseudosynovial mem-
brane showed no bacterial growth after anaerobic
and aerobic culture for 48 hours. C reactive
protein measurements in serum samples obtained
before the operation were within the normal
range (<10 mg/l) as were the plasma viscosities
(1-5-1 72 mP) before the operation.

Cells secreting interleukin 11 and a were
determined in various tissue samples using the
ELISPOT assay and these results are given in
the table and figs 1 and 2. Cells producing
interleukin 113 were detected in 73% (38/52) of
the synovial and pseudosynovial membrane
tissue samples examined, including 1/3 (33%)
samples from non-arthritic subjects (table).
Figure 1 shows that the proportion of cells
producing interleukin 13 was significantly
(p<0Q05) higher in samples of synovium from
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Figure Proportion ofcells producing interleukin lp
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Figure 2 Proportion ofcells producing interleukin la
(IL-la) in samples ofsynovium and pseudosynovial
membrane. Mean (SD) values were 0 03 (0-07)% in
osteoarthritic synovium, 01II (0(24)% in rheumatoid
synovium, 0-46 (0-95)% in pseudosynovial membrane.

patients with RA (1-67 (2-33)) and pseudo-
synovial membrane (I[4 (2-0)) than in samples
of tissue from patients with OA (0- 18 (0-17))
and non-arthritic subjects (0-006 (0-01)). The
proportion of interleukin 113 producing cells in
pseudosynovial membrane and diseased syno-
vium was significantly (p<0-05) higher than
that in tissue from non-arthritic subjects.
Figure 3 shows that samples of pseudosynovial
membrane from different patients and from
ditterent regions in the same patient were found
to contain various proportions of interleukin 113

producing cells. When divided into area of
origin, tissues from sites around the femur were

found to contain higher proportions of inter-
leukin 13 producing cells (2-09 (2-26)) than
capsular (1-4 (2-4)) or acetabular material (0-9
(1-8)), though due to the variance within each
group this difference did not reach significance.

Figure 3 Proportion ofcells producing interleukin 1(3

(IL-Iff) in samples ofpseudosynovial membrane divided into
area oftissue origin. Mean (SD) values were 0-9 (1 8)% in
tissuefrom around the acetabulum, 1P4 (2-4)% in tissuefrom
the capsular area, and 2-09 (2-26)% in tissuefrom the
femoral region.

Interleukin la producing cells were detected
in 16 of 37 (43%) tissue samples, 11 (69%) of
which were samples of pseudosynovial mem-
brane (table). The proportion of interleukin la
producing cells was significantly (p<0-01)
higher in pseudosynovial membrane (mean
(SD) 0-46 (0-95)) than in other tissues examined
(RA 0-11 (0 24); OA 0 03 (0-07)). A weak but
significant correlation was observed between
the numbers of cells in pseudosynovial mem-
brane producing interleukin 113 and those
producing interleukin la (r=0-54, n= 17,
p=0 025).
To determine whether the introduction of

foreign material per se stimulated cytokine
production, the presence of interleukin 1 secret-
ing cells was determined in samples of tissue
from around a well fixed prosthesis and in tissue
from within intermedullary nails used to repair
fractures. In none of these subjects was there
evidence of bone resorption. Cells actively
secreting interleukin 1 were found in both types
of membrane used as controls. Capsule-like
material from around the non-loosened pros-
thesis contained 0-5% interleukin 113 producing
cells. In one sample from within one inter-
medullary nail the proportion of interleukin 113
and interleukin la producing cells was 0-1
and 0% respectively, whereas in the other it was
0-2 and 0-3% respectively.

Discussion
These results extend previous work on the part
played by cytokines in aseptic loosening by
showing unequivocally the presence of inter-
leukin la and interleukin 113 secreting cells in
pseudosynovial membrane. A comparative
investigation of the proportion of interleukin 11

secreting cells in pseudosynovial membrane and
in diseased and normal synovium showed that
the proportion of cells secreting interleukin 113
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was similar to that found in samples of synovium
from patients with rheumatoid arthritis and
higher than that in samples of normal synovium
or synovium from patients with osteoarthritis.
Moreover, the proportion of interleukin la
producing cells was significantly higher in
pseudosynovial membrane than in synovium
from patients with either OA or RA. As bone
erosion is a feature of RA, but not OA, and is
associated with the local production of cytokines
in RA,6 17 these results are consistent with
interleukin 1 production by pseudosynovial
membrane contributing to local osteolysis.
These results led us to expect that the

proportion of cytokine secreting cells in mem-
branes adjacent to radiographic evidence of
bone destruction would be higher than in
tissues from other areas. The results showed
that the highest proportion of interleukin 1

secreting cells was observed in pseudosynovial
membrane from around the femur (i.e. the
membrane closest to the site of most aggressive
bone destruction). A relatively high proportion
of interleukin 1 producing cells, however, was

also found in pseudosynovial membrane from
the acetabulum and pseudocapsule samples. In
these patients both acetabular and femoral
components of the prosthesis were loosened, as

judged by radiographic evidence and intra-
operative mechanical testing. Thus a high
proportion of interleukin 1 secreting cells was

again associated with bone destruction.
Two major questions are posed by these data.

The first is what stimulates cytokine secretion
around the prostheses. One explanation is that
it is due to microorganisms. Against this possi-
bility, serum C reactive protein levels and
plasma viscosities before the operation were

normal and bacteriological and histological
investigations of tissue samples showed no

evidence of infection. A second possibility is
that the underlying disease itself may be
responsible for cytokine production. Synovium
samples from patients with osteoarthritis under-
going arthroplasty, however, contained a smaller
proportion of interleukin 1 producing cells than
pseudosynovial membrane from patients with
osteoarthritis undergoing revision operation for
failed total hip replacement. In addition, only
small amounts of interleukin 11 have been
detected in synovial fluids from patients with
osteoarthritis. 8 These findings, together with
the fact that synovium from non-arthritic sub-
jects contains relatively few interleukin 1

producing cells, a comparison not made in
previous studies, also shows it to be unlikely
that the techniques used to isolate membrane
cells were responsible for stimulating cytokine
production. Finally, the introduction of foreign
material, particularly in a particulate physical
state, may trigger cytokine secretion by phago-
cytic cells. In this study interleukin 1 secreting
cells were found in pseudosynovial membrane
together with polyethylene wear debris and
cement particles, suggesting that these may be
the stimulus for cytokine production. This
suggestion is supported by evidence from
animal experiments which showed that poly-
ethylene debris'9 and polymethylmethacrylate
particles,20 but not the bulk material, induce

bone resorption. Such debris presumably forms
as a result of mechanical action. The trigger for
cytokine production is therefore likely to consist
of the interaction of a complex set of mechanical
and biochemical events.
The second question is whether cytokine

production alone is sufficient to cause osteolysis.
As already discussed, an association exists
between increasing levels of interleukin 1
production and bone destruction. In this respect
it may be significant that tissue from within
intermedullary nails and from around a non-
loosened prosthesis were found to contain a
relatively low proportion of interleukin 1 secret-
ing cells. Whether tissue damage ensues, how-
ever, may depend on the interaction between
interleukin 1 and other cytokines as well as
between interleukin 1 and other potentially
destructive molecules such as proteases and
prostaglandins. Supernatants from pseudo-
synovial membrane fragments have been shown
to contain bone resorbing activity.5 It will be
interesting to determine the contribution of
interleukin 113 and a, tumour necrosis factor a,
prostaglandin E2, and proteases to this activity.
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