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Cell-mediated cytotoxicity for cultured autologous
rheumatoid synovial membrane cells *
WILLIAM A. NEILL

From the Rheumatic Diseases Unit, Northern General Hospital, Edinburgh

SUMMARY Cytotoxicity tests were performed on cultured rheumatoid synovial membrane cells with
autologous lymphocytes as effector cells. Three of 26 cultures were positive when tested at primary
or first passage level, but on subsequent tests became negative. Tests based on an isotope-labelling
technique and a micro-cytotoxicity assay were compared; the results appeared to correlate well.
The expression of neoantigens on synovial cells was not demonstrated. Cultures initiated in medium
containing hydrocortisone did not give rise to a population of synovial cells susceptible to immune
lysis by autologous lymphocytes.

The histological appearance of rheumatoid synovial
membrane suggests that the cellular immune
response might be important in the pathogenesis of
the disease. Consequently there have been a number
of studies on the cytotoxic potential of lymphocytes
from patients with rheumatoid arthritis (RA)
towards a variety of target cells-for example,
human fetal fibroblasts,1-3 Chang human liver
cells,4 and allogeneic or autologous synovial cells.5-7
The investigation of Griffiths et al.7 is of particular
interest because, although largely a study of allo-
geneic lymphocytes and target cells, it included a
limited sample of cytotoxicity assays of an entirely
autologous nature. These results argued against the
presence of synovial cell neoantigens inducing
specific immunological attack by sensitised lympho-
cytes.
The present study examined a larger sample of

cultures of rheumatoid synovial membrane cells
by 2 different cytotoxic assay systems for evidence of
cytotoxicity by autologous peripheral blood lympho-
cytes. In an attempt to 'damp down' the potentially
cytotoxic effect of activated synovial macrophages
during the first few days of the synovial cells in
culture some cultures were established in the presence
of hydrocortisone.8
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Materials and Methods

TISSUE CULTURE MEDIUM (TCM)
All procedures involving synovial cells and lympho-
cytes were performed in Eagle's minimum essential
medium (MEM) supplemented with 20% fetal calf
serum (FCS), 100 units per ml penicillin and 100 ,ug
per ml streptomycin. The pH of the medium was
adjusted to 7 * 2 by the addition of 1 *4% w/v
sodium bicarbonate. Some synovial cell cultures
were initiated in TCM to which had been added
hydrocortisone at a final concentration of 100 ,pg per
ml.

PATIENTS
All patients included in the study were attending the
Princess Margaret Rose Orthopaedic Hospital,
Edinburgh, and were classified as having definite RA.

PREPARATION OF PATIENTS' LYMPHOCYTES
Venous blood was collected into preservative-frce
heparin at a final concentration of 20 units per ml
and the mononuclear cells separated by a single step
centrifugation through a Triosil-Ficoll gradient. The
gradient was prepared by mixing 10 parts of 34%
triosil with 24 parts of 9% ficoll. Whole blood was
carefully layered on to an equal volume of the
gradient and centrifuged at 400 g for 15 min at room
temperature. The lymphocyte-rich layer found at the
interface was removed and washed 3 times in TCM
before being used in cytotoxicity assays. These cell
suspensions were not further purified, so that they
were generally contaminated with approximately
10-20% monocytes and 5-10% polymorphonuclear
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Cell-mediated cytotoxicity for cultured autologous rheumatoid synovial membrane cells 571

leucocytes but are referred to in the text as lympho-
cyte suspensions.

PREPARATION OF SYNOVIAL CELLS
Synovial tissue was collected at surgical synovectomy
and delivered to the laboratory as quickly as possible
in phosphate buffered saline (PBS). Inflamed tissue
was asceptically removed from the bulk of the
membrane, finely chopped with scissors, and added
to an Erlenmeyer flask containing 150-200 ml of
0 25% trysin solution. A sterile bar magnet was
placed into the flask and gentle stirring commenced
for 1 hour at 370C. The free cells were harvested into
20 ml FCS, and a further volume of trypsin was
added to the tissue. A total of 3 harvests were
collected from each tissue. These were pooled, the
cells sedimented by gentle centrifugation, resus-
pended in TCM, and finally counted in a Neubauer
counting chamber. A final cell suspension was
prepared containing 1 x 106 cells per ml, and 30 cm2
plastic culture flasks were seeded with 5 ml cell
suspension. Cell cultures were grown in TCM and
also in TCM containing 100 ,ug per ml hydro-
cortisone (TCM-HC). Medium was changed in all
cultures after 3-4 days, and those cells grown in
TCM-HC were thoroughly washed and given fresh
TCM without hydrocortisone. Cytotoxicity tests
were carried out on primary cultures whenever
possible, but when a subculture was necessary a
split ratio of 1:2 was used after trypsinisation of the
cell monolayer.

51CR-LABELLING OF SYNOVIAL CELLS

Synovial cells were brought into single cell suspen-
sion by trypsinisation of a monolayer. The cells were
counted and 1 x 106 target cells were mixed with
0 1 ml FCS followed by 100 tCi 51Cr-sodium
chromate (Radiochemical Centre, Amersham; code
CJS 4; specific activity 90-100 ,uCi/,ug chromium).
Target cells were incubated in the isotope for 45 min
at 370C, washed 3 times in 20 ml TCM to remove
excess isotope, and finally resuspended at 1 x 105
labelled cells per ml.

CYTOTOXICITY TESTS
Cell-mediated cytotoxicity (CMC) assessed by the
chromium release test. Cytotoxicity tests were
performed in 1 0 ml disposable plastic tubes. To
each tub_ was added 0 - 3 ml labelled target cells and
0 * 3 ml autologous lymphocyte syspension. The
ratio of lymphocytes to target cells was 25:1. Each
test was set up in triplicate and incubated for 18 h
at 370C in an atmosphere of 5% CO2 in air. At
the end of the incubation period the tubes were
centrifuged at 200 g for 5 min and the supernatant
removed. By counting the amount of radioactivity

in the supernatant and also that of the remaining
cells in the tube the percentage of isotope released
from the target cells could be calculated. Control
tubes without lymphocytes were set up in each
experiment to measure the amount of spontaneously
released isotope. In addition, cells were also incubated
in an equal volume of 2 % v/v acetic acid to measure
total releaseable isotope. The gamma emissions
from samples were counted in a Nuclear Enter-
prises NE 8312 automatic spectrometer for a mini-
mum of 1 minute.

Calculation of cytotoxicity. For all cytotoxicity
tests performed a cytotoxic index (CI) was calculated
according to the following formulae:

Mean supernatant counts per

(1) % 51Cr released= minute
Mean total activity counts

per minute

x 100

(2) Cytotoxic Index= TR-SR x 100MR-SR

Where: TR= % 51Cr released from target cells by test
lymphocytes (test release)
SR= % 51Cr released spontaneously from target cells
(spontaneous release) and
MR= % 51Cr released by incubation of target cells
in 2% acetic acid (maximum release).

Cell-mediated cytotoxicity assessed by microcyto-
toxicity assay (MA) test system. Sterile, disposable
microtest tissue culture plates (Terasaki plates;
Nunc) were used. These microtest plates contain
60 flat-bottomed wells, each with a capacity of
15-20 ~tl. The method used was a modification of
that of Bubenik et al.9 Suspensions of synovial target
cells were diluted to contain 100 cells in 10 ,d TCM
and were then plated into wells of the plastic plates
with an automatic dispenser attached to a 250 ,ul
Hamilton microsyringe. The microplates were then
incubated for approximately 2 h at 370C in an atmo-
sphere of 5% CO2 in air. The number of cells
attached could then be assessed microscopically and
the effector cell suspension adjusted so that the
final ratio of effector to target cells was 50:1. The
plating efficiency ofthe cells was between 30 and 50%
5 ,ul of TCM was added to each of the control wells
so that each well in the plate contained a total
volume of 15 [LI. Each test consisted of 10 control
wells containing only target cells plus TCM, and 10
wells contained target cells plus effector cells from
peripheral blood of the target cell donor. The micro-
test plates were incubated for 24 h, washed with
PBS to remove unattached target cells and effector
cells, stained for 10 min with May-Grunwald stain
followed by 10 min in 1:20 Giesma solution, and
finally air dried. For counting, each well was filled
with liquid paraffin and the number of cells in each

copyright.
 on M

ay 16, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.39.6.570 on 1 D

ecem
ber 1980. D

ow
nloaded from

 

http://ard.bmj.com/


572 Neill

well counted microscopically. Mean counts and
standard deviation per well were calculated and the
results expressed as a percent reduction in the test
wells count with the mean cell count in the control
wells taken as 100 %. Significance of difference
between cell counts in test and control groups was

calculated by Student's t test.

Results

Cytotoxicity tests performed on synovial membrane
cells with autologous effector cells and assayed by the
chromium release test (CRT)
Synovial cell cultures were established from a total
of 26 patients with RA by trypsinisation of mem-
brane tissues. Cell cultures were grown in TCM
(Eagle's MEM supplement with 20% fetal bovine
serum) and also in TCM with added hydrocortisone
at a final concentration of 100 .tg per ml. Wherever
possible, cytotoxicity tests were performed on the
synovial cells at the primary culture level, but, failing
this, at the lowest possible passage number. In
practice 19 of the 26 cell strains were examined by the
CRT at the primary level at the first passage. None

was tested after the third passage. This meant that
the synovial cells were in culture for a minimum of 7
days and a maximum of 3 weeks by the time they
were tested for susceptibility to cytotoxicity of
autologous effector cells. A number of cell cultures
were tested on more than one occasion if blood
samples became available.
The results of these cytotoxicity tests are shown

in Table 1. Peripheral blood lymphocytes from 3
patients induced significant cytotoxicity on auto-
logous synovial cells that had been cultured in TCM.
The cytotoxic index (CI) of theEe positive tests was

14 9, 16-0, and 20-1%, and all 3 results were

significant at the 5% level by Student's t test
(P<0 05). One of theEe synovial cultures (patient
17) was positive when tested at the primary level
but on subsequent testing at the second pass, the
CI had decreased from 14 9 to 2 8%, and the t
test had become nonsignificant (t=0 33; P>0 05).
Similarly, lymphocytes from patients 2 and 8 were

also cytotoxic on initial testing at pass I but negative
when tested at pass 2.
The possibility that a zone of hyaluronic acid

might surround cultured synovial cells and thereby

Table 1 Cytotoxicity ofperipheral blood lymphocytes for autologous synovial membrane cells cultured in TCM

Synovial Pass number Cytotoxic index Counts per minute 5lCr released 2Studant's t test P value
membrane % Control into supernate
donor Test

I 0 0-0 5819±560 4816±403 - -
2 1 16-0 2290±184 2951 ± 162 t=3-80 P<0.05
2 2 4-1 1192±133 1288±96 t=-0-83 P>0-05
3 2 0.0 991 ±74 940+86 - -
4 1 6-5 974±46 1059±40 t-1-97 P>0-05
4 2 1.1 1720±101 1790±83 t=0-76 P>0-05
5 3 0-0 1907±46 1894±73 - -
6 0 1.4 1010±65 1143±82 t= 1 .79 P>-0.05
7 3 0.0 2074±160 2042±96 - -
8 1 20.1 1451±49 1841 ±35 t=9*15 P<0-05
8 2 1.1 1483±194 1537±154 t=0-31 P>0-05
9 0 1.9 2004±120 2077±129 t--0-79 P>0-05
9 1 1.5 1232±116 1294±116 t-0-33 P>0.05
10 1 0.0 2150±289 2006±210 - -

I 1 3 0-0 746±28 679± 12 - -

12 1 0.0 3404±250 3202±150 - -
13 0 0.0 1314±132 1070±50 - -
14 1 0.0 1829±33 1696±72 - -
14 2 7.4 2502±174 2770±36 t=- I *81 P>0-05
15 1 0-0 1467±130 1324±99 - -
16 2 0-0 1156±211 1068±197 - -
17 0 14.9 1518±71 1936±48 t=6.88 P<0-05
17 2 2-8 559±24 570±41 t=0-33 P>0.05
18 0 0-0 1468±140 1424±154 -

19 1 0.0 610±60 560463 - -

20 1 0-0 833±35 831 ±57 -
21 0 0.0 1764±71 1779±39 - -

22 2 0-0 2194±296 1923±149 - -

23 0 0.0 2111±62 2100±51 - -

24 1 4.1 906±100 1066±176 t- I* tI P>0.05
24 2 0.9 341±56 343±27 t= I * 17 P>0.05
25 1 0.0 440±22 436±30 - -

I x 104 SICr-labelled synovial membrane cells were incubated overnight in the presence of a 25 times excess of autologous peripheral blood
mononuclear cells. The amount of isotope released into the supernate by effector cell-induced lysis of synovial cells was compared with that
released in the absence of effector cells. The difference was assessed for significance by Student's t test. The cytotoxic index (Cl) was also cal-
culated.
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Cell-mediated cytotoxicity for cultured autologous rheumatoid synovial membrane cells 573

inhibit effector cell:target cell contact was investi-
gated. Synovial cells of 5 patients listed in Table 1

were divided into 2 aliquots after isotope labelling.
While one aliquot received autologous lymphocytes
immediately, the other was treated with hyaluroni-
dase (Sigma) at a concentration of 1 mg per ml for
30 min at 370C prior to incubation with lymphocytes.
Lymphocyte cytotoxicity was increased in patient
8 from 20 v1 to 24 v 1 % and in patient 9 from 1 * 9 to
3 *2%. Meanwhile no difference was seen in the tests
performed on synovial cells from patients 1, 14, and
23, all of whom were negative throughout.
A total of 21 cytotoxicity tests were performed on

18 synovial membrane cultures initiated in TCM
supplemented with hydrocortisone. Of these, 2
were positive (patients 4 and 18, of Table 1) when
tested at pass 1. At pass 2 the test on target cells
from patient 4 become negative, while lymphocytes
from the second patient were not available.

Cytotoxicity tests performed on autologous synovial
cells in the microcytotoxicity assay (MA)
Synovial membrane cells from 14 patients with RA
were examined by the MA test system for a cytotoxic
response by the patients' own peripheral blood
lymphocytes. Most of the target cell cultures tested
were grown in TCM, while a few had been initiated
in TCM containing added hydrocortisone (100 ,±g
per ml). In addition freshly trypsinised synovial
cells from 6 of the 14 membranes were passed
through a single cycle of freezing in liquid nitrogen
followed by rapid thawing at 370C and then set up
in culture in TCM. This process lysed approximately
99% of the lymphoid cells present in the membrane
suspensions. Viability was assessed by the trypan
blue dye exclusion test. The remaining viable
cells could be easily identified microscopically
as fibroblasts which were then cultured in an environ-
ment almost totally freed of cytotoxic lymphoid
cells.

Table 2 shows the mean number of remaining
target cells per well in MA tests performed on 22
cultures from 14 synovial membranes. In only 1 of
13 cultures grown in TCM and 1 of 6 cultures
set up after liquid nitrogen treatment was significant
cytotoxicity induced by autologous lymphocytes.
None of 3 cultures grown in TCM with added
hydrocortisone showed a significant reduction in
the number of remaining target cells. Fifteen of the
cultures examined by MA were simultaneously
tested by the 51Cr-release test. Of the 14 tests which
were negative by MA 13 were also negative by CRT.
One test which was positive in the MA series was

negative by CRT, so that the results obtained by 2
different cytotoxicity assay systems using the same

target cells appeared to correlate well.

Table 2 Cytotoxicity ofperipheral blood lymphocytes
for autologous synovial membrane cells by microcytoxicity
assay (MA)
Synovial Culture Mean number* of synovial Student's
membrane cells per wall t SD t test
donor

Control Test

1 TCM 59.4± 5 9 39-5± 6.1 P<0.001
1 Nit 65-8± 5-8 71-1± 8.1 -
3 TCM 49-3± 4-4 54-7± 5-5 -
3 TCM-HC 63-3± 8-0 89-0± 8-4 -
4 TCM 33-2± 4.0 34-0± 6-7 -
7 TCM 62-6± 4-7 57-2± 7-8 P>0- 10
8 TCM 67-8± 9-1 63-7± 6.7 P>0-30
8 Nit 45 4± 5-1 53 0± 5 0 -
9 TCM 44-2± 6-0 39-7± 5-9 P>0-10
12 TCM 33 -7± 4-4 37-1± 4-2 -
13 TCM 53 0± 4-9 52-3± 7.1 P>0-80
13 Nit 71-6± 8.1 66-7± 5-4 P>0. 10
16 TCM 60-5± 7 0 61-4± 3.9 -
22 TCM 137-5±15-0 122-0±11-9 P>0-05
22 TCM-HC 62-5± 8.8 54-2± 5-6 P>0.05
22 Nit 40-9± 3-5 51-7± 7-0 -
21 TCM-HC 69-7± 8.4 99-0± 6-9 -
21 Nit 43-9± 3.3 40-4± 5-8 P>0-10
23 TCM 75-2± 5.1 76-9±10-3 -
23 Nit 88-4± 9.2 37-6± 5-8 P<0.001
24 TCM 23-4±33.7 31-5± 4.3 -
26 TCM 101-0±12-2 100-5± 7.7 P>0-90

*Mean number of target cells in 10 wells of a Terasaki microtest plate.
Synovial membrane fibroblasts were established in culture in TCM,

TCM with added hydrocortisone (TCM-HC), and in TCM after 1
cycle of rapid freezing in liquid nitrogen followed by thawing at 370C
(Nit). Target cells were added to 20 wells of a Terasaki plate to give
50-100 adherent cells per well after 2 hours incubation at 370C.
Autologous peripheral blood lymphocytes (2-5 x 103 -5 x 103
per well) were added to 10 wells and TCM to the 10 control wells.
Plates were incubated for 24 hours, washed with PBS fixed in
methanol, and stained by Giesma solution. The number of remaining
target cells per well were counted, and the difference between the mean
obtained in the control row compared with that of the test row by
Student's I test.

Discussion

In experiments involving either murine tumour
cells or virus-infected target cells mixed with
thymus-derived T-lymphocytes clear evidence has
been obtained that there is a cellular immune res-
ponse and that the effector or cytotoxic cell involved
is the T cell. T-cell-mediated cytotoxicity of virus-
infected or hapten-modified target cells in mice is
restricted by the H-2D and H-2K antigens of the
major histocompatibility complex (MHC). Cytotoxic
T cells are therefore active only against target cells
sharing these antigens with the animal in which the
cytotoxic cells have been raised.10 11 There is also
evidence to suggest that a similar MHC restriction
might operate within the human HLA system.12 13
For T cell cytotoxicity to be expressed in neoantigen-
bearing synovial cells effector cells would be required
to share some important HLA antigens with target
cells in addition to being sensitised to the neoantigen.
Allogeneic cytotoxic systems using synovial cells
and T cells would therefore be unlikely to reveal
specific cytotoxicity, even if the target cell was
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574 Neill

expressing antigens against which the donor
lymphocytes were sensitised. Only an entirely
autologous test system would reveal T cell cyto-
toxicity.

In the present study synovial membranes cells
from 25 patients with RA were tested in a chromium
release assay (CRT) against autologous peripheral
blood lymphocytes. The synovial target cells were
tested as soon as possible after initiation in culture.
This was felt to be particularly important lest
neoantigen-bearing cells should be lost by repeated
subculture. Previous investigators using a similar
isotope release assay I or MA6 derived their synovial
target cells from explants, and cytotoxicity tests were
performed after lengthy periods in culture. It can
safely be assumed therefore that their target cells
were pure cultures of fibroblasts, whereas those in
the present study were frequently a heterogeneous
mixture of synovial fibroblasts, macrophages, and
undifferentiated esterase-positive staining cells which
might represent the intermediate type C cells.
Nineteen of 25 synovial cells strains were tested at
either primary culture level or first subculture and
all were assayed by the third. This represented a
period of 1-3 weeks in culture.
Of the 3 cultures that had a positive cytotoxic

index on initial testing all became negative at a
subsequent level. The cell type most likely to be
lost on subculture is the macrophage, and this cell
might therefore be responsible for the observed
cytotoxicity. The actual role of the macrophage,
however, is not immediately apparent. Possibly
these cells have ingested foreign antigens present in
the affected tissue for processing via lymphocytes
and are thereby acting as target cells for sensitised
lymphocytes. Macrophage-lymphocyte clusters have
been demonstrated in vitro in rheumatoid synovial
fluid cultures with both autologous and heterologous
lymphocytes 1415 but since there was no stimulation
of the involved lymphocytes these clusters were not
thought to be due to the presence of antigen in the
macrophages. Macrophage cytoplasmic membranes,
however, have been shown to localise antigen
in immunised rabbits for periods up to 1 month
after injection of sensitising antigen,16 so that the
possibility of antigen being present on macrophages
is a possible mechanism for cell-mediated cytotoxicity.
On the other hand synovial macrophages them-

selves may be cytotoxic for cells bearing foreign
antigens, such as Chang cells."7 Cytotoxicity was
observed by Mackay et al. during only the first
few days in culture and the effect was lost after 10
days.'7 A similar phenomenon might have been
operating in the cytotoxicity tests showing positive
results in this study. If the synovial fibroblasts
expressed neoantigens, then synovial macrophages,

rather than the patient's blood effector cells, might
exhibit aggressiveness causing cytolysis. By sub-
culturing these synovial cells macrophages would be
lost, so that subsequent cytotoxicity tests on the
macrophage-depleted cells population would be
negative. This in fact is what occurred in this study,
but, since only 3 out of 25 cell strains were positive,
it may not be ofsignificance, while the negative results
may indicate that there is no sensitising neoantigen
present on rheumatoid synovial cells.

In the work of Griffiths et al.7 no cytotoxicity was
observed in their experiments using autologous
target and effector cells, and it might be relevant
that their target cells had been in culture for long
periods after several subcultures, so that no macro-
phages are likely to have been present in their
target cell suspensions.
Only two of 21 chromium release cytotoxicity

tests performed on target cells cultured in the pre-
sence of hydrocortisone were positive. The addition
of hydrocortisone, therefore, failed to yield a
population of target cells expressing neoantigens
against which rheumatoid lymphocytes were sen-
sitised.

Synovial cell cytotoxicity tests with the MA
revealed a good correlation with the results obtained
by the CRT technique. Out of 14 tests that were
negative by MA, 13 were also negative by CRT. The
total number of positive tests by MA was 4 out of 22
compared with 3 out of 25 with the CRT. It would
nevertheless appear that cytotoxicity techniques
involving autologous effector and target cells have
not demonstrated the presence of neoantigens on
rheumatoid synovial cells in culture.

Staff and patients at both the Northern General Hospital
and the Princess Margaret Rose Orthopaedic Hospital,
Edinburgh, are thanked for their help and co-operation in the
course of this study. Thanks are especially due to Professor
J. R. R. Duthie for his continued interest and support and to
Dr Mary Norval for her helpful criticism. The work was
financed by a grant provided by the Arthritis and Rheumatism
Council.
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