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Correlation of disease activity and drug therapy with
the autologous mixed lymphocyte reaction in
rheumatoid arthritis
SIMONE M CROSS AND R A HAZELTON

From the University of Queensland Department of Medicine, Princess Alexandra Hospital, Ipswich Road,
Brisbane 4102, Australia

SUMMARY The response of peripheral blood lymphocytes (PBL) to autologous synovial fluid
lymphocytes (SFL) from patients with rheumatoid arthritis and Reiter's syndrome was

investigated in an autologous mixed lymphocyte reaction (AMLR). SFL were found to be poor

responders but strong stimulators of autologous and allogeneic PBL compared with autologous
PBL. The plastic-adherent (macrophage) cells from the SFL were found to be highly stimulatory
to autologous PBL, particularly when the adherent cells were removed from the responding PBL.
The stimulation of these PBL non-adherent cells by SFL adherent cells follows two main trends:
either no stimulation, or higher stimulation than using unseparated SFL and PBL. Patients in the
high stimulator group were taking non-steroidal anti-inflammatory drugs while those in the low
responder group were taking, in addition, second-line drugs such as D-penicillamine or gold.
Autologous serum was found to inhibit the AMLR and this is probably due to drug metabolites in
patients' sera. Initial results show that the AMLR in individual patients is highly correlated, over

time, with the erythrocyte sedimentation rate (ESR).

Key word: synovial fluid.

The autologous mixed lymphocyte reaction
(AM4LR) is an in-vitro assay which measures the
response of T cells to non-T cell surface membrane
antigens, coded for by the HLA-D region. The
significance of the AMLR in vivo in normal indi-
viduals is uncertain, but there is increasing evidence
from in-vitro studies that it plays an important part
in the regulation of autoimmune events.
The AMLR demonstrates two fundamental fea-

tures of immune processes; memory and specificity.1
It generates cytotoxic lymphocytest and perhaps
natural killer cells,2 and produces suppressor cells 4
capable of regulating the production of immunoglo-
bulin by B cells5 6 and the response of T cells to
antigen and mitogen.7 If the AMLR is a homeostatic
regulator of the immune system, then it is possible
that any increase in autoreactivity, as in autoim-
mune disease, may be due to a breakdown of
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immunoregulation and altered AMLR. This study
suggests such a relationship.
An impairment of the AMLR has been demon-

strated in autoimmune disorders such as systemic
lupus erythematosus, primary biliary cirrhosis, and
Sjogren's syndrome,8 and in polymyositis/
dermatomyositis patients,9 conditions in which both
cellular and humoral immunity are altered. Disturb-
ances in immunoregulation have also been detected
in rheumatoid arthritis (RA) and are believed to be
due to a lack of suppressor T cell activity8 or T cell
regression activity." An increased ratio of helper
suppressor T cells with a concomitant presence of
strongly DR' macrophage-like cells,"1 which allow
autostimulation to persist, have also been described
in RA patients. Thus the AMLR may be a useful
in-vitro model for the investigation of cellular
interactions important in immunoregulation in pa-
tients with RA or other forms of arthritis, such as
Reiter's syndrome.

In this study the AMLR has been used to assay
the proliferation of peripheral blood lymphocytes
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Autologous mixed lymphocyte reaction in rheumatoid arthritis 225

(PBL) in response to stimulation by autologous
synovial fluid lymphocytes (SFL). Previous studies
applying the AMLR of PBL to autologous SFL in
RA patients have been equivocal about whether the
AMLR is stimulated8 12 13 or suvrressed14 and have
shown either lack of correlation or correlation'2 15
with disease activity. These conflicting results may
have been due in part to the use of techniques
known to affect cell function. For example, fetal calf
serum'6 and sheep red blood cells (SRBC) used to
fractionate cells are stimulatory to T cells,'7 and the
use of hyaluronidase to pretreat synovial fluid
samples has previously been found to decrease the
response of lymphocytes to mitogens.'8 By using
unfractionated lymphocytes and reducing cell hand-
ling an attempt has been made to minimise condi-
tions which may inadvertently alter the immune
response under study.

Materials and methods

PATIENTS
Twenty-one patients with classical or definite RA
(12 females, nine males) and three with Reiter's
syndrome were studied. Most patients were receiv-
ing non-steroidal anti-inflammatory drugs (NSAID)
and some were on second-line drugs as well.
Patients on 3 mg of prednisone or more were
excluded from the study. Synovial fluid and
peripheral blood samples were collected at the time
of aspiration and lymphocytes were separated im-
mediately. Two healthy donors acted as a source of
control lymphocytes (Cl and C2) for each patient's
AMLR.

Isolation and growth of lymphocytes were carried
out in culture medium RPMI 1640. This medium
was supplemented with 5% pooled human AB
serum during isolation procedures, but to maintain
growth either 20% pooled AB or autologous serum
was used. Lymphocytes from synovial fluid and
peripheral blood were isolated by centrifugation on
a Ficoll-Hypaque gradient and the cells were not
usually fractionated any further before culture. All
cells were adjusted to 1.5 x 109/1 prior to plating
into microtitre trays. Where necessary, T and B cells
were separated from the mononuclear cells by
standard rosetting techniques. 19 The plastic-adherent
cells (predominantly macrophages) were isolated
from the SFL and PBL populations by the method of
Seitz et al.20 and identified by non-specific esterase
stain. Primary one-way autologous (AMLR) and
allogeneic (aMLR) mixed lymphocyte reactions were
performed in 96-well round-bottomed microtitre
plates (Disposable Products, Brisbane, Australia) in
a chequerboard design with 10-1( 5 x i05 responder
cells and an equal number of mitomycin-C treated

(40 mg/l cells for 20 minutes at 37°C) stimulator cells
in a final volume of 200 RI/well. All cultures were
grown at 37°C, 5% CO2 in air for six days. Phyto-
haemagglutinin (PHA-P, Difco, Detroit, Michigan)
was added to each responder cell (10 mg/I) alone, 72
hours prior to harvest. Proliferative responses were
measured by adding 1 [sCi/well of 3H-thymidine
(New England Nuclear, Boston, Mass.) for the final
18-20 hours of culture. The cells were harvested with
a Skatron multisample harvester, and the incorpora-
tion of 3H-thymidine determined by standard liquid
scintillation counting techniques. Results are ex-
pressed as mean disintegrations per minute (dpm) in
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Fig. 1 Incorporation of-H-thymidine into SFL, PBL,
PHA-treated SFL and PBL ofRA (-) and Reiter's disease
patients (V). Shown are the mean and SEM. The mean
incorporation into SFL was 11 000 dpm; PBL, 2228 dpm,
SFL + PHA, 20 500 dpm, and PBL + PHA, 64 000 dpm,
were significantly different (p<0-01). Each point represents
the mean ofquadruplicate cultures.
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226 Cross, Hazelton

quadruplicate cultures minus the background dpm in
responder cells when cultured alone. All comparisons
were analysed by either a paired or an unpaired
Student's t test.

Results

Cultures revealed that the optimal ratio of respon-
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Fig. 2 Allogeneic stimulation and response ofSFL and
PBLfrom RA patients. Results are shown as the
mean±SEM of3H-thymidine incorporation. Stimulation of
control cells (C) by mitomycin-C treated SFL (mSFL) gave
200 100 dpm, significantly higher than mitomycin-C treated
PBL (mPBLIC) which gave 116 624 dpm in a paired t test
(p<0-00I). The response ofSFL (mC/SFL) was 93 500
dpm, significantly less than mC/PBL which gave 122 572
dpm (p<O00S). Each point is the mean ofquadruplicate
cultures.

der to stimulator cells was 1:1 and that the optimal
response occurred on day 6 in both the AMLR and
aMLR.
SFL were found to be good stimulators in the

AMLR but poor responders to PHA and allogeneic
or autologous stimulation. The following results
confirmed that the SFL were already activated:
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Fig. 3 TheAMLR (mSFL/PBL) ofRA (@) and Reiter's
disease patients (V) in pooledAB, and autologous serum is
compared with the other autologous combination
mPBLIPBL. RA and Reiter's disease patients who were
not taking medication or who had medication withdrawn 48
hours prior to assay, are represented by open symbols (0,
V). Shown are the mean (dpm)±SEM, and each point is
the mean ofquadruplicate cultures. The mean incorporation
for the AMLR ofRA patients is 30 000 dpm (Reiter's
disease patients 43 500-dpm) inpooledAB serum, but only
3700 dpm in the autologous serum ofpatients on drugs
(p<0-05). The AMLR is significantly larger (p<0-01) than
mPBL/PBL (1500 dpm).
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(1) the increased incorporation of 3H-thymidine into
resting SFL compared with autologous PBL was

some three times greater on average (Fig. 1); (2)
PHA stimulation of SFL was significantly lower
compared with autologous PBL (p<0-01); (3) SFL
as stimulators in the aMLR induced a significantly
larger response than autologous PBL (p<0-001)
(Fig. 2); and (4) SFL responded less than autologous
PBL (p<0-005) to allogeneic cells (Fig. 2).

In pooled AB serum (Fig. 3) the only cell
combination that showed significant autologous
stimulation was with mitomycin-C treated SFL as
stimulator and PBL as responder (mSFL/PBL). The
mean response of this AMLR was 30 000 dpm for
patients with RA and 43 500 dpm for patients with
Reiter's disease. This response was statistically
larger than that for other autologous combinations
such as mPBL/PBL, mSFL/SFLm and mC/C (RA,
p<0-01; Reiter's disease, p<0-001). The patients
with Reiter's disease showed less variation in their
AMLR response than RA patients.

Cultures with sonicated SFL revealed negligible
stimulation (mean incorporation 900 dpm) com-
pared with the mean AMLR (30 000 dpm).

In nine out of 12 RA patients the addition of
autologous serum severely decreased the AMLR to
control levels, compared with pooled AB serum

(p<005). This autologous serum was also found to
suppress the response of lymphocytes to PHA
stimulation. However, as shown in Fig. 3, three
patients with RA and three with Reiter's disease
who had not taken any medication or who had ceased

medication at least 48 h prior to assay had an AMLR
which was relatively unchanged by incubation in auto-
logous serum.
Removal of the adherent cells from the stimulat-

ing population (mSFL) in the AMLR caused a
significant decrease in thymidine incorporation in
eight of the 12 cultures of RA patients but was not
significantly affected in four of the RA patients
(Table 1). In these four cultures stimulation in the
AMLR resided in the non-adherent fraction of SFL.
The mean incorporation of these mSFL non-
adherent/PBL mixtures was 14 829 dpm, about half
of the unfractionated mSFV/PBL combination
(27 706 dpm). Adherent cells removed from the
responder PBL population when stimulated by
unfractionated mSFL cells in the AMLR resulted in
either a decreased, increased, or indifferent re-
sponse (Table 1). In two of the 11 cultures from
patients with RA there was a significant decrease in
the AMLR response, while in six patients removal
of the macrophages from the responding PBL
population had no effect; but in three cultures there
was a greatly increased response, far larger than the
initial AMLR. The stimulation of PBL by PBL
(adherent) cells was negligible (Table 2). In seven of
the 10 RA patients the mean stimulation of PBL by
autologous SFL (adherent) was 10 390 dpm, 10
times larger than PBL (adherent) cells, but signifi-
cantly less than with unfractionated mSFL. In three
cases the mSFL (adherent) cells were not signifi-
cantly different, compared with mSFL, in their
stimulating capacity (Table 2).

Table 1 Effects of removal of the plastic-adherent cells on the AMLR

Patient Sex Drugs ESR mSFLIPBL mSFL p mSFLIPBL p
(mmlh) (non-adherent) (non-adherent)

IPBL

1 M Gold and 66 11023±1088 3489+1204 <0-05
NSAID

2 M Gold 51 8 170±2044 1 814± 126 NS 253± 152 <0-01
Pencill. 80 19 434±2173 7 120±1080 <0-01 31 919±5923 NS

3 F NSAID 80 36 607±6423 1 358±1140 <0-05 8 396+2428 NS
4 M NSAID 42 68 121±1098 60 685±3421 NS 66 195±3756 NS
5 M Penicill. 47 16 384±2668 4 792±131 <0-05 15 629±7761 NS

and NSAID
6 F NSAID 46 31 322±3924 15 710±2203 <0-01 32 818±5146 NS
7 F Pencill. 48 50 738±3794 20 014±1955 <0-005 22 668±62 <0-005

and NSAID 20 2 234±326 66±98 <0-01 15 536±1001 <0-001
8 M Penicill. 93 9 264±2578 6 271±306 NS 19 043+113 <0-05

and NSAID
9 M NSAID 25 16 616±1783 7 036+588 <0-05 37 098±1525 <0-01
10 M NSAID 60 62 558±2299 49 594+4607 NS 47 089±9781 NS

Mean±SEM 27 706±6419 14 829±5727 26 968±5644

Results are the mean (dpm) of quadruplicate cultures, and results of the non-adherent cells are compared with each patient's AMLR using
a Student's paired t test.
NS=Not significant.
Penicill.=Penicillamine. NSAID=Non-steroidal anti-inflammatory drugs. Patients 10 in Tables 1 and 2 are different subjects.
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Since removal of the macrophages from the
responding population caused an increased AMLR
in some patients, mSFL (adherent) cells were
incubated with PBL from which the adherent cells
had been removed (Fig. 4). In five patients this
AMLR, mSFL (adherent)/PBL (non-adherent) was
significantly reduced (mean 2600 dpm) as compared
with a normal AMLR response (mC/C). In two
cases (RA) the AMLR was unchanged; but in three

__II
I

-
0

*4-

Lo
Q

0
0
0i

C
o

a)
C

*-

*4-

CI'

80-

60-

40-

20

0

0

0

0

-

0

- - - -

0

GP

0

0

0
.

Ir

mSFL/PBL mSFL(adh)/
PBL(non -adh)

Fig. 4 3H-Thymidine incorporation intheAMLR
(mSFL/PBL) andstimulation by theplastic-adherentcells
oftheSFL, mSFL(adh), in theAMLR. Shown isthemean
(dpm)±SEMandallpoints are themean ofquadruplicate
cultures. ThemSFL(adh) are incubated with PBL
(non-adh) cells. ThemeanAMLR in theseRA patients
is27 700dpm. ThemSFL(adh)IPBL(non-adh)responseis
divided into highresponders (58 300dpm) andlow
responders (2600dpm) which recentlyshowedan increased
ordecreasedESR (of> 20mmlh) respectively.

C4

-Z

0

C-C

CO.

Hj

.cl I.Q = =
'5 '!5 'll. =

.111 v.7ZZ7 vvv

 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.44.4.224 on 1 A
pril 1985. D

ow
nloaded from

 

http://ard.bmj.com/


Autologous mixed lymphocyte reaction in rheumatoid arthritis 229

60 80 100
ESR (mm/h)

Fig. 5 Correlation oftheAMLR with ESRinRApatient7
(0), r=0-98, p<0-05andpatient2 (-), r=0-97, p<0-05on
threeseparate occasions.

cases (RA) the AMLR was markedly increased
(mean 58 300 dpm).
The patients were now observed to form two

distinct groups where the AMLR was altered with
removal of PBL macrophages. Those patients in the
upper response group all had very active disease and
a recent increase in their ESR (greater than 20
mm/h). All three patients were taking NSAID and
one patient took penicillamine. The lower group of
patients were on gold or penicillamine, and only one
patient out of five was taking NSAID alone. Their
low AMLR correlated with a recent decrease in
ESR.
Though the overall data showed no correlation of

the AMLR with ESR, serum rheumatoid factor, or

synovial fluid C-reactive protein at the time of assay,
in two cases sequential studies revealed a significant
correlation of ESR with the AMLR (Fig. 5).

Discussion

In keeping with other studies employing surface
markers and immunohistochemical stains of lym-
phocyte activation21 22 in RA the SFL in the present
study were found to be significantly more activated
than autologous PBL in both RA and Reiter's
disease patients. The origin of the activated SFL in
RA is uncertain, though it has been suggested that
they arise from the superficial layer of synovium.23

In the AMLR the SFL were potent stimulators of

autologous PBL. The reason for this may be that the
SFL and PBL express some class II region disparity
due to altered or previously unexpressed antigens. It
has been found that for the production of
immunoglobulin-producing cells (via induction of
helper T cells), class II region disparity is essential in
the primary MLR.24 The cause of this disparity may
be explained by the modified-self theory, 5 in which
autostimulation can occur by the presentation of
modified-self antigens of cross-reacting microbial
antigens with class II products, by antigen present-
ing cells. The very low levels of stimulation by
sonicated SFL in the AMLR suggest that an active
cell product is required, either soluble or membrane
bound. The addition of IL-2 to activated lympho-
cytes is known to lead to clonal expansion,26 though
IL-2 production is depressed in RA.27

Studies on tissue sections" 28 suggest that the
presence of strongly HLA-DR+ macrophage-like
cells are the cause of stimulation of autologous
synovial T cells and these are supported by studies
of RA SFL (adherent) in this report. Removal of the
SFL (adherent) cells greatly reduced the AMLR in
RA patients, indicating that these synovial mac-
rophages were stimulatory. The SFL (non-adherent)
cells were also stimulatory but not to the same
extent as unseparated SFL. The SFL (adherent)
cells alone were also capable of inducing significant
stimulation when incubated with autologous PBL.
When the mean value for the SFL (adherent)
cell stimulation was added to that of SFL
(non-adherent) cells, the combined stimulation was
slightly less than that of unfractionated SFL. This
implies a synergistic relationship between synovial
fluid lymphocyte and macrophage cells. This com-
munication between cell types involved in im-
munoregulatory responses would be expected to
occur in the AMLR, creating either an increased or
decreased response above that of either cell type
alone. A previous study found that macrophages are
capable of either stimulation or suppression of
immune responses.29 This is confirmed in part in the
current study, which suggests that SFL (adherent)
cells are stimulatory, while PBL (adherent) cells are
not and in fact may be inhibitory in the AMLR.
Removal of adherent cells from the PBL population
greatly increased the response of some RA patients'
PBL to either unfractionated SFL (Table 1) or SFL
(adherent) cells. The incubation of mSFL (adhe-
rent) with PBL non-adherent cells resulted in some
RA patients in an AMLR much larger than the
combination mSFLUPBL. This implies that the PBL
(adherent) cells recognise the SFL as foreign and are
either producing an inhibitory factor, such as
prostaglandin E2,20 30 31 or are inducing suppressor
T cell activity in the PBL population.
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230 Cross, Hazelton

The division of the response of non-adherent PBL
to SFL (adherent) cells into high and low responders
may be due to drug therapy. Second-line drugs such
as gold, D-penicillamine, and steroids have been
shown to affect the AMLR and are proposed to
affect the antigen-presenting function of mac-
rophages by binding to HLA-DR determinants.32 33
These drugs are therefore potentially capable of
decreasing the AMLR. This response to mSFL
(adherent) cells also seems to be correlated with
relative (recent) changes in ESR.
The findings of a possible correlation between the

AMLR and the relative changes in the ESR may
explain the lack of correlation between absolute
values of the ESR and the AMLR. The AMLR was
found to be highly correlated with ESR in two
patients with RA, over time, and hence may be a
useful predictor of subsequent disease activity,
though a prospective study would be required to
confirm this. ESR and other laboratory indices such
as C-reactive protein are indirect measures of
inflammation and probably not of RA disease
activity per se. However, an increased AMLR
would be expected if inflammation of the joint
increased because of the sequestration of lympho-
cytes and neutrophils to the inflammatory site.
Previous investigators have differed over whether
the AMLR is correlated with disease activity, but
none have conducted longitudinal studies of pa-
tients. The study of patients not on any drug
treatment, or those on first-line drugs who have not
taken medication for at least 48 hours prior to assay,
appeared to increase the correlation of the AMLR
with the ESR.

Since previous investigators'4 3437 have found
that autologous serum suppresses the AMLR, poss-
ibly because of the proved effect of drugs and their
metabolites on the AMLR, it was decided to
incubate cells in human pooled AB serum. AMLR
patients with Reiter's syndrome were not affected
significantly by the addition of autologous serum.
Often these patients had only just commenced
NSAID therapy, and perhaps this explains the lack
of suppression of the AMLR by their serum. This
may also explain the much reduced variability of
their AMLR compared with that of RA patients.
Because the AMLR of patients not on drug treat-
ment was unaffected by autologous serum, the
inhibitor in autologous serum is thought not to be an
HLA-restricted suppressor factor.

In conclusion because of the demonstration of the
AMLR and its correlation with an index of disease
activity, this provides evidence in support of the
AMLR as an in-vivo phenomenon important in the
pathogenesis of RA. This study also suggests that
the AMLR may be a useful index and predictor of

future disease activity. The AMLR may provide a
useful in-vitro model for the screening of various
chemotherapeutic agents in RA.

This research was funded in part by the Arthritis Foundation of
Australia (Queensland) and the National Health and Medical
Research Council of Australia.
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