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Spontaneous cytotoxicity of rheumatoid and normal
peripheral blood mononuclear cells against 4 human
lymphoblastoid cell lines
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SUMMARY By measuring spontaneous cytotoxicity of unfractionated peripheral blood mononuclear
cells from patients with rheumatoid arthritis and from normal individuals against 4 human lympho-
blastoid cell lines we have been unable to demonstrate any preferential recognition of antigens on
these cell lines by rheumatoid patients.

Man has a lymphocyte population which is spon-
taneously cytotoxic to in-vitro propagated tumour
cell lines. This phenomenon is mediated by a non-
B, non-T, Fc receptor bearing lymphocyte, the
spontaneous killer (SK) cell.' A similar phenomenon
in mice is mediated by the natural killer cell (NK)
cell.2 The biological significance of these systems is
unknown, but postulated roles have included tumour
surveillance and defence against viral infection.
The nature of the target antigen which these

cells recognise is unknown. However, SK cells
preferentially kill some lymphoblastoid cell lines,
especially those derived from tumour cells rather
than by viral transformation of normal lympho-
cytes,3 and inhibition experiments in mice have
implied a certain amount of specificity.4 Mechanisms
controlling SK cells are not known, but Jondal and
Targan5 have postulated that antigens like those
expressed on Epstein-Barr virus (EBV) transformed
B cell lines may be involved in the in-vivo generation
of SK cells.
There is continuing interest in the possibility

that rheumatoid arthritis may be caused by a virus.
This has been heightened by the observation that
about 70% of patients with rheumatoid arthritis
have a serum antibody reacting with a nuclear
antigen within lymphoblastoid cell lines containing
EBV genome.8 Thus, since it is possible that anti-
gens similat to those expressed on EBV transformed
cell lines might be involved in the in-vivo generation
of SK cell activity, and since there is evidence of a
serological response in rheumatoid arthritis against
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nuclear antigens in EBV-containing lymphoblas-
toid cell lines, we decided to investigate SK cell
activity against lymphoblastoid cell lines in rheu-
matoid patients.

Matefials and methods

PATIENTS
The results presented are derived from testing
peripheral blood mononuclear cells (PBM) from 51
patients with rheumatoid arthritis, 31 females and
20 males, mean age 57-2 years. All were suffering
from definite or classical rheumatoid arthritis by
ARA criteria7 except 2 who had probab'e rheumatoid
arthritis. Thirty-four patients were seropositive
and 17 seronegative. Most had severe active disease
as reflected in a mean ESR of 35*1 and the fact that
all except 17 patients were being treated with gold,
D-penicillamine, or prednisone. Thirty-seven con-
trols were tested, 20 females and 17 males, mean age
40 5, who were attending for treatment of non-
inflammatory rheumatological conditions, mainly
back pain.

CELL LINES
Four cell lines were used in these experiments.
These were selected to include B and T cell lines,
lines positive and negative for EBV genome, and
lines derived from tumour cells and by transfor-
mation of normal lymphocytes. The main charac-
teristics of these cell lines are shown in Table 1.
CCRF/CEM is an EBV genome negative T cell line
established from a patient with lymphocytic leu-
kaemia in childhood.8 RAJI is a well known EBV
genome positive B cell line established from Burkitt's
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Table 1 Characteristics of the 4 human lymphoblastoid
cell lines used as target cells in the spontaneous
cytotoxicity experiments. B. .bone-marrow-dependent
lymphocytes. T. . thymus-dependent lymphocytes

Cell line

CCRF/CEM RPMI 8226 RAJI WIL

Origin Leukaemia Myeloma Burkitt's Normal
lymphoma

Cell type T B B B
EBV genome Negative Negative Positive Positive

lymphoma.9-11 It is positive for Epstein-Barr virus
nuclear antigen (EBNA) but does not express viral
capsid antigen (VCA) or membrane antigen (MA)
under normal circumstances.12 RPMI 8226 is an

EBV genome negative B cell line established from a

patient with myeloma and produces free immuno-
globulin light chains in culture.13 Wil is an EBV
genome positive B cell line established from normal
lymphocytes obtained from a patient with myeloid
leukaemia at the Queensland Institute of Medical
Research (hence QIMR Wil).14

CELL CULTURE
All cell lines were grown in static culture in Eagles
suspension medium (Gibco) buffered with Hepes
and bicarbonate and supplemented with 10%
fetal calf serum, 2 mM L-glutamine and anti-
biotics (gentamicin 40 jig/ml and amphotericin B
250 ,ug/ml). All the cell lines except RPMI 8226
grow in suspension and were harvested twice
weekly by removal of half their volume. RPMI
8226, which grows as an adherent monolayer, was
harvested twice weekly by vigorous shaking and
removal of a majority of the culture fluid.

MEDIUM USED FOR ASSAYS

Assays were carried out in Eagles MEM (Gibco),
buffered with Hepes and bicarbonate and sup-
plemented with 10% fetal calf serum, 2 mM
L-glutamine and gentamicin 40 ,ug/ml (TCM). The
same batch of fetal calf serum was used throughout.

LABELLING OF TARGET CELLS
After one wash in fresh TCM 5-8 x 106 lympho-
blastoid cells were suspended in 0 1 ml 51Cr-sodium
chromate solution (Radiopharmaceuticals, Amer-
sham, CJS-IP, specific activity 1 mCi in 1 ml).
The mixture was incubated for one hour at 370 C,
cells washed 4 times in TCM and adjusted to a

concentration of 3 x 105/ml.

SEPARATION OF PERIPHERAL BLOOD

MONONUCLEAR CELLS

Venous blood was collected in sterile containers with
10 U heparin per ml of blood. Peripheral blood

monomuclear cells (PBM) were harvested from
Triosil/Ficoll gradients.15 Monocytes were not
routinely removed.

CYTOTOXIC ASSAY
Assays were carried out in triplicate in 2a5 ml
capped plastic tubes (Seward Co. Ltd.) in a total
volume of 400 ,ul TCM containing 3 x 104 target
cells and 6 x 105 lymphocytes, a ratio of 20:1
effector to target cells. Cultures were incubated
overnight at 370C (14-16 h), then terminated by
centrifugation and removal of 200 ,ul supernatant
into a separate tube. Both tubes were then counted
in an LKB gamma counter for 5 minutes each.
Controls included target cells alone in TCM
for calculation of spontaneous chromium release,
identical cultures freeze-thawed to determine maxi-
mum release, and mitogen-stimulated cultures.
The mitogens used were PHA or con-A in optimal
concentration for lymphocyte transformation.

CALCULATION OF RESULTS
Percentage chromium release was calculated as

% Cr release=100 x S+ R

where S=counts in supernatant
R=counts in residual volume.

Specific cytotoxicity was calculated as

sp. cytotoxicity=100 x M-S
where T=mean % test Cr release of triplicates as
calculated above, S=mean % Cr release of 6
control cultures of target cells alone in TCM after
overnight culture (spontaneous Cr release), M=
mean % Cr release of 6 control cultures of target
cells alone in TCM after freezing and thawing 4
times and overnight culture (maximum release).

EVALUATION OF RESULTS
Results were rejected if spontaneous chromium
release exceeded 35% or if mitogen-induced cyto-
toxicity did not exceed spontaneous cytotoxicity.
Mean standard error of the mean (SEM) for each
group of values from individual assays was cal-
culated and varied from 0 7 to 1-3, average 1-0.
Results from a few triplicates with SEM greater than
2 5 were rejected. Unpaired and paired Student's
t tests were used for statistical evaluation as indi-
cated in the text.

Results

The results of cytotoxicity for PBM from rheumatoid
and normal individuals against the 4 cell lines are
shown in Fig. 1. There is no significant difference
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Fig. 1 Spontaneous cytotoxicity
ofperipheral blood mononuclear
cells from patients with
rheumatoid arthritis (RA) and
normal subjects (NL) against the
4 cell lines. Bars represent mean
cytotoxicity for all subjects except
mean for rheumatoids with Wil
which excludes the highest value,
which is possibly anomalouts.

* There is no significant difference
between spontaneous cytotoxicity
for rheumatoids and normal for

.X? any of the cell lines by Student's
_ _ t test.
-3,

WIL
RA NL
17 13

in spontaneous cytotoxicity between the rheumatoid
patients and normal persons for any of the cell lines.
It can be seen from Fig. that there was a wide
variation in cytotoxicity particularly for CCRF/
CEM in both the rheumatoids and the normals.
This scatter is due to variation between individuals
in the figure, though there was also some variation
in cytotoxicity by PBM from the same individual
when tested on different occasions. Results for
RPMI, RAJI, and Wil are more closely grouped
than for CCRF with the exception of a few markedly
higher results. Subjects who showed high cytotoxicity
against one cell line tended to show high levels
against the other cell lines, suggesting that this was
not a specific phenomenon (results not shown).
The 2 highest values for spontaneous cytotoxicity

against Wil were shown by patients with rheumatoid
arthritis. One rheumatoid patient showing a value
of 20e1 with, Wil also had a high value of 59 8
against CCRF. The other extremely high value of
60-7 against Wil was determined solely against this
cell line and cannot be compared with cytotoxicity
to other cell lines simultaneously. However, it may
well be anomalous, as this patient previously showed
a value of 12'4 (not shown as excluded by high spon-
taneous chromium release). At the time of the high
value the patient's clinical status had shown no

obvious change and she was not suffering from an
obvious viral infection. She had recently had a test
injection of sodium aurothiomalate, but other
patients on this therapy showed results within the
normal range. Addition of sodium aurothiomalate up

to 100 Vg/ml to cultures in vitro had no significant
effect on cytotoxicity (results for 7 RA subjects,
6 normal subjects not shown).

Discussion

No difference has been shown between the spon-

taneous cytotoxicuty of peripheral blood mono-

nuclear cells from patients with rheumatoid arth-
ritis or from controls against the 4 cell lines tested.
Though a positive result might have indicated a

host response against lymphoblastoid antigens, the
significance of a negative result cannot be so easily
interpreted, while the mechanism by which SK
cells recognise their targets is unknown. Thus,
although rheumatoid patients do not preferentially
kill cell lines positive for EBV genome, this cannot
be taken as direct evidence that this agent could not
play a role in the pathogenesis of RA, although other
evidence against this hypothesis has recently been
presented."7
There are a number of other factors to be con-

sidered. Although 2 groups were able to demonstrate
increased killing of EBV-containing lymphoblastoid
cell lines during active infectious mononucleosis
using unfractionated peripheral blood leucocytes,18 10
a further group was able to demonstrate this effect
only after removal of complement receptor bearing
cells.20 Thus it is possible that a response of a sub-
group of cells would be masked by nonspecific
cytotoxicity in the experiments reported here.
Interestingly, the increased cytotoxicity found
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during active EBV-induced infectious mononucleosis
and thought to be a specific effect of circulating
atypical T blast-like cells, has recently also been
found in cytomegalovirus mononucleosis, again
casting some doubt on the specificity of this finding.2'
In both cases increased cytotoxicity was present only
during actual infection and returned to normal levels
during convalescence.
Of potential interest in this study were 2 rheu-

matoid patients showing high levels of cytotoxicity
against Wil. However, one of these also showed a
high level of cytotoxicity against CCRF, suggesting
this might be a nonspecific effect, and the other
value appears possibly anomalous in that the same
patient had previously shown a value within the
usual range, and no readily identifiable factors were
associated with the second high value.

In general, results for rheumatoid patients in this
study are similar to others previously reported for
normal subjects. Thus the tumour cell line CCRF/
CEM is relatively well killed, whereas Wil, derived
from normal lymphocytes, is not significantly killed.
RAJI is poorly killed but is known to be an exception
to the rule that tumour cell lines are well killed in
comparison to lines derived from normal lympho-
cytes.3 RPMI 8226 is an intermediate position.
Thus, in studying cytotoxicity of unfractionated
PBM from rheumatoids and normals against 4
lymphoblastoid cell lines we have been unable to
demonstrate any increase in cytotoxicity amongst the
rheumatoids, either overall or against particular cell
lines, and so, using this rath',r limited system, we
have not been able to show preferential recognition
of antigens on these cell lines by rheumatoids.
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