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SUMMARY

IL-10 and IL-12 are cytokines which are important in regulating immune responses. Plasma levels of
IL-10 and autoantibodies against double-stranded DNA (dsDNA) often mirror disease activity in patients
with SLE. IL-12 secretion from SLE patients’ blood mononuclear cells also correlates with disease
activity, but has an inverse relationship. The aim of this study was to measure the effect of IL-10 and of
IL-12 on the production of IgG autoantibodies from patients with SLE, both cross-sectionally and
longitudinally.

Peripheral blood mononuclear cells (PBMC) were cultured with IL-10 (at 20 ng/ml or 2 ng/ml) or IL-12
(at 2 ng/ml or 0-2 ng/ml) or without cytokine and the supernatanants tested for the production of double-
stranded DNA antibodies (dsDNA abs), single-stranded DNA antibodies (ssDNA abs) and total IgG
antibodies (IgG abs) by ELISA. The BILAG disease activity index was recorded at each patient visit (a
global score of six or more is regarded as active disease).

In general, treatment with IL-10 caused PBMCs from patients with inactive disease to increase their
antissDNA and dsDNA ab production (by upto 354% and 186%, respectively) while patients with active
disease decreased their antibody production (by upto 91% and 97%, respectively). Overall there was a
correlation between disease activity and change in antissDNA and dsDNA ab production (r = — 0-51;
P =003 and r = — 0-48; P = 0-042, respectively). Treatment with IL-12 at 0-2 ng/ml inhibited
antissDNA and dsDNA antibody production, having the greatest effect on patients with active disease
(decreasing antissDNA and dsDNA antibody production by upto 75% and 73%, respectively). This
resulted in a significant correlation between disease activity and change in antissDNA antibody
production (r = — 0-76; P = 0-03), but significance was not reached with antidsDNA antibody pro-
duction (P = 0-06). Together these data suggest that the effect of these cytokines on antibody production

by SLE PBMCs involves several factors; one of which is disease activity.
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INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic autoimmune
rheumatic disease that is characterized by B-cell hyperactivity and
the presence of various autoantibodies. IgG autoantibodies that
bind to double stranded DNA (IgG antidsDNA abs) are thought to
be important in SLE because they are common and may be
pathogenic. Between 60 and 70% of lupus patients produce IgG
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IgG anti-single-stranded DNA antibodies

antidsDNA abs and numerous lines of evidence have suggested
that some of these antibodies are nephrotoxic [1-5]. Therefore a
signal that leads to an elevated titre of IgG antidsDNA abs may
also signal disease flare.

Cytokines regulate the immune system and may be split into
two groups: T helper type 1 (Thl) cytokines which mainly
activate the cellular arm of the immune system and Th2 cytokines
which mainly activate the humoral arm of the immune system [6].
In accordance with the B-cell hyperactivity found in SLE there is
a Th2 bias in cytokine production [7-8]. Interleukin-10 (IL-10)
may be of pivotal importance in this imbalance because it inhibits
the production of Thl cytokines and correlates positively with
disease activity [9—12]. The IL-10 overproduction found in SLE
has an endogenous counterweight: interleukin-12 (IL-12) which
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encourages Thl cytokine production and has been shown to
correlate negatively with disease activity [13—15]. We therefore
felt that it was important to examine the role of IL-10 and IL-12
directly on blood lymphocytes from SLE patients.

In this study the in vitro effect of IL-10 and of IL-12 on the
antibody production of total peripheral blood mononuclear cells
(PBMCs) from patients with SLE and healthy controls (HCs) has
been measured. It was found that the change in IgG antidsDNA ab
production caused by IL-10 correlated with disease activity.
Patients with inactive disease tended to show an increase in IgG
antidsDNA ab production whilst patients with active disease
decreased their IgG antidsDNA ab production. The effect of IL-12
on IgG antissDNA ab production appeared to be similar to that
seen with IL-10, there being a tendency towards a decrease in IgG
anti dsDNA with increased disease activity.

METHODS

Patients and controls

Patients. Thirty-one female SLE patients were studied and
each met four or more of the revised classification criteria for SLE
[16]. Patients were selected at random from amongst those known
to have currently raised antidsDNA antibody levels and confirmed
at the time of visit to the clinic.

Disease activity was assessed using the British Isles Lupus
Assessment Group (BILAG) index [17]. This index is based on the
physicians intention to treat principle and divides lupus activity
into eight organs or systems. The most active state is given an A
grade while the absence of activity ever in that system gets an E.
To convert these individual organ grades into a global score,
A =9, B=3,C=1 and D/E = 0. For the purposes of com-
parisons with antibody levels, a patient with a global score of
more than or equal to 6 was regarded as active and 0-5 inactive.

All patients were tested with IL-10: three Afro-caribbeans,
two Asians, 24 Caucasians and two Chinese; the mean age of this
group was 35 (range 17-70); 21 of these patients had active
disease at the time of testing. Twenty-five female patients with
SLE were tested with IL-12: three Afro-caribbeans, two Asians,
18 Caucasians and two Chinese; the mean age was 37 (range
17-70); 16 of these patients were active at the time of testing.

Three of the patients, two inactive and one active, were on low
dose steroids (< 10 mg prednisolone) all the others were taking
one or more immunosuppressants (azathioprine, methotrexate or
cyclophosphamide) plus prednisolone when included in this study.

Controls. Sixteen healthy female controls (HC) were used:
seven Asians and nine Caucasians; mean age 26 (range 23-45).
All control blood samples were tested with IL-10 and with
IL-12.

Cell preparations

Twenty millilitre venous blood samples were collected in sterile,
heparinized tubes. All samples were separated for culture on the
day of collection. The sample was transferred to a 50-ml Falcon
tube and diluted to 50 mls in RPMI. Peripheral blood mono-
nuclear cells (PBMCs) were separated on Histopaque 1077
(Sigma). Cells were cultured at 2 x 10° cells per ml, in 1 ml
cultures in 10% FCS RPMI supplemented with 1% Glutamine, 2%
Non-essential amino acids, 0-2% Gentamycin, 1% Sodium
Pyruvate and 1% Penicillin and streptomycin (Supplemented
RPMI). After three days the supernatants were removed and tested
for total IgG, IgG antisingle stranded DNA (antissDNA) and

antidsDNA antibody content by ELISA. Initial time course
experiments demonstrated that there are at least two phases to
antibody production in vitro. A sharp increase for the initial 3—
5 days followed by a slower increase to 15 days. In order to test
the effect on only one phase, supernatants were taken on day 3.
Total IgG production followed a similar pattern to antidsDNA but
displayed a higher saturation threshold. However antidsDNA ab
production was considered a more important parameter, so
supernatants were taken on day 3.

Antibody production

The antidsDNA ab ELISA was performed as described elsewhere
[18]. The only modification was an increase in the incubation time
with the supernatant on the plate from 60 to 90 mins. Briefly,
DNA (both single and double-stranded) was incubated on the plate
at 500 wg/ml for 2 h at 37°C. All samples were tested undiluted
and in duplicate. Anti-IgG conjugate was added at 1 : 1000
(Sigma) and incubated overnight at 4°C, after which the plates
were developed. The ELISA used to quantify total IgG antibody
levels was performed identically except for the first two hours.
The Fab, anti-IgG capture antibody (Sigma) was incubated for
one hour at 37°C, the plate was then blocked for one hour at 37°C
with 2% casein in PBS. The samples were tested at a 10 times
greater dilution than in the anti-DNA ELISAs.

All patients were tested for total IgG, IgG antissDNA ab
and antidsDNA abs. However, many patients did not produce
sufficient levels of antidsDNA and/or antissDNA abs to be
detectable by ELISA. For this reason there is a greater n number
presented for total IgG than antidsDNA or antissDNA ab
production. The sensitivity of these ELISAs was established by
testing serial dilutions of a positive sample. The lower limit of the
sensitive (linear) range was shown to be at an OD of 0-15.

Cytokines

Both IL-10 and IL-12 were obtained from Sigma (IL-10 ECs5y =
2 ng/ml; IL-12 ECso = 0-2 ng/ml (less than 0-1 ng/ug endo-
toxin)). Stock solutions were stored at — 80°C at 1 wg/ml. Prior to
use the stock solutions were diluted in supplemented RPMI such
that 20 w1 added to each cell culture would achieve the required
concentration of cytokine. Once the cells had been dispensed in
culture, cytokine was immediately added to all treated samples
and 20 wl of supplemented 10% FCS RPMI was added to the
untreated cultures as a control.

In preliminary experiments different concentrations of IL-10
and IL-12 were tested to establish the ranges to be used. To assess
the effect of IL-10 and of IL-12 on antibody production, PBMCs
from each patient were cultured, in triplicate without cytokine or
with IL-10 (20 and 2 ng/ml) or IL-12 (2 and 0-2 ng/ml).

Data analysis

Each treatment was tested by triplicate cell cultures. The antibody
level in each of the triplicate cell cultures was quantified
according to the methodology described above. This resulted in
three duplicate ODs which were averaged for each treatment. The
effect of IL-10 and of IL-12 in this system was measured as the
change they induced in antibody production. The mean change in
antibody production was calculated with the following formula:

(Treated OD — Untreated OD)

X 100
Untreated OD

Mean % change in OD =
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The Shapiro-Wilk test demonstrated that the antibody produc-
tion was not normally distributed; therefore nonparametric tests
were used. The Mann—Whitney test was used to assess whether
the cytokine-induced change in antibody production varied
between HCs and patients with SLE (SLE patients with active
disease were compared separately from patients with inactive
disease). To test whether or not the change in antibody production
varied with disease activity these two parameters were correlated
with the Spearman rank correlation.

RESULTS

Spontaneous 1gG and specific anti ssDNA and dsDNA production
All SLE and HC lymphocytes produced measurable quantities
of total IgG after 3 days of culture. HCs produced 20 = 5-0 ng/ml
of IgG spontaneously (n = 16), while patients with inactive
SLE produced 138 * 185 ng/ml of spontaneous IgG (60 ng/ml
being the lowest) [n = 10] and SLE patients with active disease
produced 402 = 298 ng/ml (92 ng/ml being the lowest) [n = 21].
The differences in spontaneous IgG production between HCs and
SLE patients with active or inactive disease were highly
significant (P < 0-001 in both cases). However, there was no
significant difference in spontaneous IgG production between
SLE patients with active and inactive SLE. Lymphocytes from
none of the HCs and only 20/31 (64%) and 18/31 (58%) of SLE
patients produced measurable levels of antissDNA abs and
antidsDNA abs, respectively. Although the antidsDNA ab produc-
tion from the untreated cultures did not correlate with global score
it did correlate with serum antidsDNA ab level (r = 0-7;
P = 0-03). In addition no correlation between serum antidsDNA
ab level and disease activity was seen.

Effect of IL-10 and IL-12 on total 1gG produced by lymphocytes
from SLE patients

No significant differences in response to IL-10 or IL-12 in the
total IgG produced by HC or SLE lymphocytes. In addition, no
correlation between the patient’s disease activity and change in

total IgG production, was seen using the Spearman correlation
coefficient (data not shown).

Effect of IL-10 and IL-12 on anti ssDNA and anti dsDNA
produced by lymphocytes from SLE patients

The effect of IL-10 at 20 ng/ml but not 0-2 ng/ml on antiss
(Fig. 1) and dsDNA antibody production (Fig. 2) correlated with
disease activity, r = — 0-51 and — 0-48, P = 0-030 and 0-042,
respectively; such that patients with low disease activity scores
had increased antibody production whilst patients with high
disease activity scores had decreased antibody production.

IL-12 at 0-2 ng/ml induced a change in antissDNA ab
production that correlated with disease activity, r = — 0.76,
P = 0-030 (Fig. 3). Treatment with IL-12 at 0-2 ng/ml tended to
decrease antissDNA ab production, the decrease being more
marked in patients with active disease. No correlation was seen
with anti ssDNA at 2 ng/ml IL-12 and no correlation with anti
dsDNA was found for either 2 or 0-2 ng/ml IL-12 (data not
shown). None of these cytokine induced changes in antibody
production correlated with serum antidsDNA antibody titre at the
time of testing (data not shown).

Relationship between cytokine effects and disease activity

within the same patient

In order to look more carefully at the relationship between
cytokine effects and disease activity we studied individual patients
at several time points. Five patients who were regularly attending
the lupus clinic with active lupus and raised serum antidsDNA ab
levels were selected. Each was tested on five occassions over the
course of one year.

IL-10 (20 ng/ml)

In all five patients tested at five different time points, with
increasing disease activity measured as a global score, there was
a trend towards a decrease in IgG antidsDNA ab production
(Fig. 4a). There was also a suggestion that at lower disease
activities in 3/5 of the patients there was an increase in IgG anti
dsDNA ab production. This was consistent with the data obtained
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Fig. 1. PBMCs from SLE patients were cultured untreated or with 20 ng/ml of IL-10. The percentage change in IgG antissDNA ab
production is graphed against BILAG score at the time the PBMC sample was taken. There is a significant correlation between the change in

antibody production and disease activity. r = -0.51; P = 0.03.
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Fig. 2. PBMCs from SLE patients were cultured untreated or with 20 ng/ml of IL-10. The percentage change in IgG antidsDNA ab
production is graphed against BILAG score at the time the PBMC sample was taken. There is a significant correlation between the change in

antibody production and disease activity. r = -0.48; P = 0.042.

in the cross-sectional study and correlated with disease activity
r= — 0:53; P = 0-006.

IL-12 (2 ng/ml)
In four of the five patients tested at the different time points, there
was also a tendency towards a decrease in IgG antidsDNA ab
production with increased disease activity (Fig. 4b). However,
there was one patient, MD who showed an enhancement of IgG
anti dsDNA ab production at the higher disease activities reached
in this patient. When change in antibody production was
correlated with global score this data approached but did not
reach significance (r = — 0-53, P = 0-06).

There was a correlation between serum antidsDNA ab titre
and the production of untreated PBMCs (r = 0-72, P = 0-035).
There was also a correlation between serum antidsDNA antibody

production and disease activity in the longitudinal patients
tested with IL-10 and IL-12 (r = 0-56 and 0-52; P = 0-044
and 0-04, respectively). This may explain why the longitudinal
data provided more significant results than the cross-sectional
data.

The data, both longitudinal and cross-sectional, was also tested
for any correlation with drug treatment. The requirement for high
antidsDNA antibody production for inclusion in this study
resulted in little variation in the drug treatments being taken
(Nearly all the patients being on immunosuppressants). It is
therefore unsurprising that no significant differences were found
when correlating treatment with antibody changes. Also, when
those patients not receiving immunosuppressant drugs were
removed from the analysis it did not change which correlations
were significant and which were not (data not shown).
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Fig. 3. PBMCs from SLE patients were cultured untreated or with 0-2 ng/ml of IL-12. The percentage change in IgG antissDNA ab
production is graphed against BILAG score at the time the PBMC sample was taken. There is a significant correlation between the change in

antibody production and disease activity. r = -0.73; P = 0.01.
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Fig. 4. PBMCs were taken on five occasions from five different patients with SLE. Each panel represents results from a single patient. The
antidsDNA ab response to either (a) IL-10 at 20 ng/ml or (b) IL-12 at 2 ng/ml are shown with the BILAG score at the time of testing.

DISCUSSION

In this study we have confirmed that in vitro spontaneous IgG
production of PBMCs from patients with SLE is significantly
higher than that produced by PBMCs from HC. However, neither
IL-10 (at 2 and 20 ng/ml) nor IL-12 (at 0-2 or 2 ng/ml) signifi-
cantly altered this production. A high proportion of SLE patients

spontaneously made sufficient antissDNA and antidsDNA IgG, in
vitro, to be able to measure the effect induced by IL-10 and IL-12.
The change in antiss or dsDNA ab production correlated with
disease activity at the high concentration of IL-10 (20 ng/ml)
suggesting that at the higher disease activities IL-10 inhibited IgG
anti-DNA antibody production. This correlation with disease
activity was reflected by the five individual patients studied at five
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different time points. At higher disease activities the lower
concentration of IL-12 (0-2 ng/ml) inhibited the patients’ IgG anti
ssDNA (Fig. 3). No significant correlation was found with
antidsDNA ab production in response to 0-2 ng/ml of IL-12,
although it did approach significance (P = 0-06).

Effect of IL-10

Several studies have shown that cultures of peripheral blood
lymphocytes from SLE patients have increased spontaneous IgG
and in particular antidsDNA antibody production in vitro by
ELISA [18-21] and by ELISPOT [22], especially in patients with
high disease activity. Since increased levels of IL-10 have been
found in the serum of patients with SLE which correlate with
disease activity using the SLEDAI index [10] it was important to
determine the role of this cytokine in the production of
spontaneous antibodies, in vitro. It has been shown that the
amount of the Th2 cytokine IL-10 produced spontaneously by
SLE monocytes and B cells in vitro is 33 times higher than that
produced by control cells [23]. Furthermore, the PBMC from
relatives and spouses of some patients also produce increased
amounts of IL-10, in vitro [24-25]. Inclusion of anti IL-10 into
cultures has been shown to inhibit spontaneous IgG and anti
dsDNA antibodies [26] whereas inclusion of IL-10 increases IgG
production independently of disease activity, in 5 day, T-cell
depleted cultures [19]. It is not clear why we were unable to
enhance total IgG antibody production with addition of IL-10
independently of disease activity. It is possible that had we
cultured the cells for 5 days, as opposed to 3, the changes in IgG
may have been more significant. However, 3 day cultures were
chosen for the analysis of antidsDNA abs (see Methods).

To the authors knowledge the effect of exogenous IL-10 on in
vitro anti-DNA ab production has not previously been described.
There was a correlation of the effect of the higher concentration of
IL-10 added to the cultures on anti ssDNA and anti dsDNA in
relation to disease activity measured on a global scale (Figs 1 and
2). This was even more evident when individual patients were
studied during the course of their disease and their antibody levels
compared to their disease activity (Fig. 4a). This improved
correlation may be due to a closer relationship between serum
antidsDNA ab titre and disease activity amongst the longitudinal
data than the cross-sectional data.

The enhancement effect seen at low disease activity is con-
sistent with the enhancement of total IgG antibody production
seen by Llorente e al. [19]. However, the suppressive effects of
IL-10 on anti-DNA antibodies in active patients has not been
described before. Llorente et al. looked at the effect of IL-10 on T
depleted cultures and the inclusion of T-cells may have modulated
the effects of the IL-10. In fact, the contribution that T cells have
to the effects of IL-10 in these experiments are unclear. There is
some evidence for a T cell contribution to the production of
spontaneous autoantibodies in vitro. Early experiments in this
field showed that both CD4 and CD8 T cells contributed to this
production [27]. In addition, T cells expressing neither CD4 nor
CDS, i.e. double negative T cells have been shown to ‘help’ the
production of spontaneous autoantibodies by SLE PBMC in vitro
[28-29]. In more recent experiments CD4 + RO + T cells were
shown to produce IL-10 and therefore thought to contribute in this
way [26]. However, data from Llorente et al. shows that SLE T
cells produce little IL-10 [23]. It is clearly important to compare
the effects of IL-10 with and without added T cells on both total

IgG and antidsDNA ab production. These experiments are
currently in progress.

A more trivial explanation of the inhibition at higher con-
centrations could be due to toxicity and in particular induction of
apoptosis in the T-cells from patients with active disease [30].
This might remove enough T-cell help to reduce antibody pro-
duction as compared to untreated cultures; this possibiltiy is being
investigated. The existing literature suggests that IL-10 does not
induce apoptosis in B-cells from SLE patients [31].

It was not surprising that no effects on anti DNA antibodies
were seen at the lower dose of IL-10 (2 ng/ml) since this was
below the levels of spontaneously produced IL-10 by SLE PBMC
in culture [24].

IL-6 is also increased in PBMC cultures of SLE patients
compared with controls and RA patients [32] and probably plays a
role in spontaneous IgG production in vitro. However, there
appears to be a defect in SLE PBMC in the inhibitory effect that
IL-10 normally has on IL-6 production [32] suggesting that IL-6
mediated overproduction is not affected by IL-10. Although other
researchers have not been able to reproduce these findings [33].

Monocytes are thought to be the major source of IL-10 in SLE
[23]. IL-10 has been shown capable of inhibiting the release of
many cytokines from monocytes including IL-10 itself [34]. IL-10
is also thought to be capable of inhibiting T-cell activity [35-36].
These experiments however, suggest that IL-10 can have an
inhibitory effect on B cell function at high doses. This inhibitory
action may work directly on B-cells, may be a function of IL-10 s
inhibitory action on other cell types or some combination of both
of these factors.

Effect of IL-12

PBMCs from patients with SLE have been shown to produce less
spontaneous 1L-12, in vitro, than healthy controls [13, 37], this
appears to be due to increased IL-10 output which inhibits
production of IL-12 by monocytes [14]. In our study we have
added exogenous IL-12 with the aim of reversing the balance of a
predominantly Th2 related cytokine IL-10 to that of a Thl
predominant cytokine IL-12. Addition of 0-2 ng/ml of IL-12 had
no overall effect on IgG production but did suppress antissDNA
ab production, particularly at higher disease activities (Fig. 3).

A similar finding was made in another study where addition of
2 ng/ml of IL-12 to PBMC cultures from SLE patients decreased
the number of anti-DNA antibody producing B-cells as measured
by ELISPOT [22]. The mechanism by which this occurs is
unclear. IL-12 receptors have been described on human B cells
activated by Staphylococcus aureus Cowan strain [38]. Since B
cells from SLE patients show an activated phenotype it is not
inconceivable that IL-12 directly binds to those cells particularly
active in making anti DNA antibodies resulting in inhibition of
antibody synthesis.

Surprisingly, treatment with IL-12 at 2 ng/ml increased the
antidsDNA ab production of some patients in our study (Fig. 4b).
Contrary to the antibody responses to IL-10 and the lower
concentration of IL-12, disease activity did not seem to be a
consistent governing factor.

Preliminary experiments using PBMC from three patients
have shown an increase of IL-10 in culture following addition of
IL-12. Up to 167 pg/ml of IL-10 has been detected following
culture with IL-12 at 2 ng/ml, none was detected in response to
IL-12 at 0-2 ng/ml. Indeed IL-12 has been shown to induce IL-10
production from T-cell clones [39]. This difference in the ability
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of these two concentrations of IL-12 to induce IL-10 may explain
their contrasting effects on antibody production. An effect on
antibody production that is reliant on the induction of other
cytokines may take some time to develop. This may explain why
Houssiau et al. [22] did not detect it in their 16 h cultures.

Studies on the direct effects of IL-10 and IL-12 on human anti
dsDNA producing clones are currently under way.

In conclusion, the relationship between IL-10, IL-12 and
antibody production are likely to be complex since autoantibody
production is the result of interaction with different cytokines
acting on populations of cells at different stages of activation
depending on the disease activity and treatment with cytokine
modulating drugs.
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