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Opsonizing antibodies (IgG1) up-regulate monocyte proinflammatory cytokines
tumour necrosis factor-alpha (TNF-«) and IL-6 but not anti-inflammatory
cytokine IL-10 in mycobacterial antigen-stimulated monocytes—implications
for pathogenesis
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SUMMARY

Cachexia is one of the prominent features of advanced tuberculosis (TB) seen in association with
increased expression of the monokine TNF-a. Several mycobacterial proteins, including PPD, stimulate
TNF-a secretion from monocytes. Host factors that may play a role in cytokine expression from
monocytes remain largely unknown. One such factor is the opsonizing antibodies. Monocytes have high-
affinity receptors (Fcyl and FeyIII) for I[gG1 and IgG3 antibodies that mediate antigen uptake. We have
reported selective up-regulation of IgG1l (which bind to Fcy receptors) in advanced TB and have
recently shown the ability of PPD-specific IgG1 antibodies to augment TNF-a expression in PPD-
stimulated monocytes. These observations have now been extended to other cytokines with semipurified
fractions from secreted antigens of Mycobacterium tuberculosis (containing 30 kD and 58 kD) that were
devoid of lipids, glycolipids and carbohydrates. In the presence of heat-inactivated TB plasma
containing known amounts of antigen-specific IgG1 antibodies, these fractions induced significantly
increased TNF-«, IL-6 and IL-10 secretion. Absorption of IgGl with Protein ‘A’ removed the
augmenting activity for TNF-« and IL-6 secretion from the TB plasma samples. In the case of IL-10,
removal of IgG1 resulted in increased rather than decreased IL-10 secretion. These results suggest a
possible pathogenic role for antibodies in TB by enhancing proinflammatory and blocking down-

regulatory cytokines such as IL-10 cytokines during the chronic phase of TB.
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INTRODUCTION

Tuberculosis (TB) is the cause of highest morbidity among
tropical diseases over the age of 5 years (source: World Bank,
World Development Report, 1993). Although partial protection
against disseminated TB is conferred by bacille Calmette—Guérin
(BCG) vaccination, the immune determinants that direct the initial
establishment of infection and further disease progression are still
unclear. As an intracellular pathogen Mycobacterium tuberculosis
(Mtb) resides and multiplies within the macrophage (a profes-
sional phagocyte) in order to establish disease. Several receptors
mediate uptake of Mrb that include, among others, complement
receptors [1,2] and mannose receptors [3,4]. Disease progression
in TB is associated with fever, cachexia and weight loss. These
symptoms are associated with the biological activity of TNF-«
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tumour necrosis factor-alpha IL-6

IL-10 tuberculosis -

[5]. Several mycobacterial components including proteins and
glycolipids can directly activate macrophages to release these
cytokines [6—10]. This was considered one explanation for the
increased expression of TNF-« in advanced TB where there is a
high bacterial load. However, host factors such as the opsonizing
antibodies that enhance uptake of antigen may also participate in
up-regulation of proinflammatory cytokines. High concentrations
of opsonic antibodies (IgG1 and IgG3) have been reported in the
advanced stages of leprosy and TB [11,12]. Macrophages have
high-affinity Fc receptors for IgG1 and IgG3 antibodies [13,14].
Cross-linking of the Fc receptors in the presence of antigen-
specific antibodies results in activation of macrophages and
subsequent expression of cytokines [15]. Opsonic antibodies
have been shown to enhance antigen uptake in leprosy patients
[16] and augment PPD-induced TNF-a expression in purified
monocytes [17]. This study addresses the role of opsonic
antibodies present in patients with TB in the expression of
proinflammatory cytokines.
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MATERIALS AND METHODS

Antigens

Mztb culture filtrates were prepared as described previously [10].
Briefly Mtb strain H3; Rv was grown in roller bottles in Proskauer
Beck medium. After 8—10 weeks of culture, bacilli were removed
by sedimentation and filtration. Proteins were precipitated in 60%
saturated ammonium sulphate, re-dissolved in H,O and dialysed
against ultrapure water. Protein concentration was determined
using the Bradford method [18]. Culture filtrate was separated by
preparative  SDS—-PAGE using a PrepCell column (BioRad,
Richmond, CA) [19]. Proteins were collected as they eluted from
the lower edge of the gel by a pump. Mixing was prevented by a
semi-permeable membrane. Approximately 80 fractions were
collected. Groups of four adjacent fractions were pooled (a set of
20-24 fractions per run) and then simultaneously concentrated
and dialysed using a cylindrical membrane device (Micro-
ProDiCon; Spectrum, VWR, South Plainfield, NJ). Removal of
lipids and glycolipids was accomplished by fractionation with
Triton X-114 that had been preconditioned with endotoxin-free
water. Triton X-114 1% was added to the solution to be
decontaminated and was vortexed for 1 min. The sample was
chilled on ice and vortexed again. It was then warmed to 37°C for
5 min to allow two phases to form, and then centrifuged for 10 s
at maximum speed at 37°C. The upper aqueous phase was
removed by pipette, taking care not to disturb the lower detergent
phase. The above extraction was repeated once. Residual Triton
X-114 was removed from the aqueous phase by addition of
approx. 0-25 g endotoxin-free BioBeads. BioBeads SM-4 (Bio-
Rad) were made endotoxin-free by washing in 2% Triton X-114,
methanol, and then endotoxin-free PBS. The beads were mixed
with the specimen at 4°C for 1 h and then sedimented. Fractions
were subjected to SDS—PAGE, transferred to nitrocellulose and
colloidal gold staining was done to determine the approximate
molecular size. MoAbs TBC-27 and 8G10 were used to detect
alpha antigen and glutamine synthetase by Western blot analysis.

Plasma samples from controls and TB patients

Plasma samples were obtained from pulmonary TB patients
(n = 8) with microscopically and culture-proven TB in Karachi,
Pakistan. Patients had moderate (PMD) to advanced disease
(PAD) that was ranked according to the tissue involvement as
described previously [20]. Three healthy PPD skin test-negative
donors were included as controls. Venous blood was collected in
heparinized syringes. Heparinized blood was separated on a Ficoll
layer and the top layer of plasma was carefully removed to avoid
mixing with Ficoll. Sterile endotoxin-free conditions were used
for handling and separation of blood samples. The plasma samples
were distributed in small aliquots and stored at —70°C until
further use.

Reagents, MoAbs and conjugates

Escherichia coli endotoxin (lipopolysaccharide (LPS)) and
Polymyxin B (PMB) were obtained from Sigma Chemical Co.
(St Louis, MO). MoAbs specific for human IgG subclasses were
HP 6001 (anti-IgG1) and HP 6047 (anti-IgG3) prepared at the
Centers for Disease Control (Atlanta, GA; a gift from the late
Dr C. Reimer, Centers for Disease Control). The specificity
evaluation and performance characteristics of these antibodies
are described in detail elsewhere [21,22]. Goat anti-human IgG
(Fc-specific) and goat anti-mouse IgG (H + L chain-specific)

conjugated to alkaline phosphatase were purchased from (Jackson
ImmunoResearch Labs, Westgrove, PA). Ficoll-Hypaque and Protein
A-Sepharose 4B were obtained from Pharmacia (Piscataway, NJ).

Determination of IgG subclass activity in TB plasma

IgG subclass antibodies to the fractions (Fx10 and Fx24) in TB
plasma were determined using an ELISA-based assay described in
detail previously [13]. Briefly, Immulon 4 plates were coated with
100 wl of antigens at 1 wg/ml in carbonate buffer pH 9-6 for 2 h
at 37°C and then overnight at 4°C. PBS containing 5% bovine
serum albumin (BSA) was added for 2 h at 37°C to block free
sites. Plasma (100 wl) diluted (multiple dilutions) in PBS
containing 0-05% Tween 20 and 1.0% BSA was added and
incubated for 2 h at 37°C and then overnight at 4°C. MoAbs
specific for IgG subclasses were added at saturation concentra-
tions of 1:1000 and further incubated overnight at 4°C. Alkaline
phosphatase-labelled goat anti-mouse IgG was then added and
incubated for 2 h at 37°C. The plates were finally developed with
alkaline phosphatase substrate. The optical density (OD) in the
ascending region of the dose—response curve was multiplied by
the plasma dilution to give OD units/ml. All sera were run in a
single assay to avoid interassay variability.

Absorption of plasma with protein ‘A’ to remove antibody activity
Protein A—Sepharose 4B was reconstituted in PBS and washed
several times by repeated suspension and then equilibrated with
RPMI to a final concentration of 50% v/v. Aliquots (0-5 ml) of the
suspension were prepared and equal volume of plasma was added
to the suspension. The tubes were rotated for 30 min at 37°C and
the suspension was filtered through a 5-0-ml sterile syringe
containing a small layer of sterile glass wool. The clear supernate
was collected and distributed in small aliquots and stored at
—70°C until further use.

Isolation of peripheral blood mononuclear cells and monocytes
Seven PPD skin test-negative donors (five males and two females)
were included in the study. Venous blood was collected in
heparinized syringes diluted 1:2 with RPMI 1640 and separated
on Ficoll-Hypaque gradient at a centrifugal speed of 1200 rev/
min for 30 min at room temperature. Peripheral blood mono-
nuclear cells (PBMC) were isolated from the interface and washed
three times in RPMI 1640. Approximately 50 x 10° cells were
plated in 100-mm polystyrene tissue culture plates (no. 25020;
Corning, Corning, NY) that had been precoated with 1-5 ml of
heat-inactivated pooled human serum (PHS) for 30 min at 37°C.
After 1 h of incubation at 37°C, plates were washed twice with
warm 10% fetal calf serum (FCS) in RPMI 1640. Cold Hanks’
balanced salt solution (HBSS; 5 ml) without calcium or
magnesium was added and plates were placed in the refrigerator
for 10-20 min. Adherent cells were scraped off and suspended
in Iscove’s modified Dulbecco’s medium (IMDM) containing
1% heat-inactivated autologous serum. All serum and plasma
samples were heat-inactivated at 56°C for 30 min to minimize
any complement-mediated effects in the subsequent monocyte
stimulation assay.

Stimulation of monocytes

LPS and culture filtrate fractions (0-1 wg/ml) were used to
stimulate purified adherent cells (10° cells/ml) in the presence or
absence of PMB (10 wg/ml). For assessing the role of opsonizing
antibodies antigens were preincubated with control or TB plasma
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(1:500) at 37°C for 1 h in 48-well tissue culture plates (Costar,
Cambridge MA) in a final volume of 250 ul/well followed by
addition of 250 w1 of monocytes. Monocytes were incubated at
37°C for 24 h and supernatants were collected and frozen at
—70°C in 100-u1 aliquots for cytokine assessment.

Assessment of TNF-«, IL-6 and IL-10 secretion

Monoclonal antibody pairs (capture and probe) for TNF-« and IL-
10 were purchased from PharMingen (San Diego, CA). For IL-6
assessment antibody pairs were purchased from Endogen
(Woburn, MA). Assessment of cytokines in stimulated monocyte
supernatants was carried out using the standard methodology
recommended by the manufacturer.

RESULTS

Effect of TB plasma on the release of TNF-«, IL-6 and IL-10 from
PPD-stimulated monocytes

Monocytes stimulated with PPD release TNF-a [10]. We have
recently shown that IgGl anti-PPD antibodies in TB plasma
further enhance this secretion [20]. We now extend these studies
to analyse the effect of anti-PPD antibodies in TB plasma on PPD-
induced expression of IL-6 and IL-10 from purified monocytes.
PPD-stimulated monocytes release IL-6 and IL-10 in a concentra-
tion-dependent fashion (Fig. 2) similar to that shown with TNF-«.
We used a concentration of 10 wg/ml of PPD to analyse further
the effect of TB plasma containing PPD-specific antibodies.
Table 1 shows the results from six donors. Control plasma had
little or no effect on the secretion of TNF-«, IL-6 or IL-10 release
from PPD-stimulated monocytes. Thirty-five percent (3/8) TB
plasma significantly enhanced IL-6 and 25% (2/8) TB plasma also
had a stimulatory effect on IL-10 secretion. As reported
previously [20], 50% (4/8) of the TB plasma showed a consistent
stimulatory effect on the secretion of TNF-a. PPD is a complex
mixture of proteins and glycolipids that may interfere with
monocyte activation as well as mask the effects of opsonizing
antibodies. We therefore fractionated the secreted antigens in
culture medium of Mrb to develop a less heterogeneous antigenic

mixture devoid of lipids and glycolipids in order to analyse the
role of opsonizing antibodies in monokine release

Fractionation of culture filtrate proteins and assessment of TNF-«
releasing activity

Figure 1 shows a protein stain of fractions of Mtb culture filtrate.
Superimposed is the capacity of each fraction to stimulate
production of TNF-a by monocytes. Three fractions (10, 14 and
24) stimulated TNF-a from monocytes of a PPD skin test-
negative donor. Fx10 contained alpha antigen (30 kD) and Fx24
glutamine synthetase (58 kD) as detected by MoAbs (TBC-27 and
8G10). These fractions were found to be negative for endotoxin
contamination by Limulus lysate (assay sensitivity 0-01-0-04 ng/
ml). Fraction 14 contained lipoarabinomannan (LAM) that is
known to induce TNF-a via the mannose receptor [2] and was
therefore excluded from the study.

Dose—response relationship of cytokine release by PPD, Fx10 and
Fx24

Figure 2 shows the dose—response relationship of PPD, Fx10 and
24 with three monocyte cytokines: TNF-a, IL-6 and IL-10. As
expected, the partially purified Fx10 and 24 were much more
potent in stimulating the monocytes’ cytokine secretion than PPD.
Secretion was optimal at 0-2 wg/ml for both fractions and for all
three cytokines. For analysing the effect of opsonizing antibodies
a suboptimal concentration (0-1 wg/ml) was selected for the two
fractions in the monocyte stimulation assays.

Assessment of LPS contamination in Fx10 and 24

Even extremely low concentrations of LPS contamination in the
fractions may contribute to TNF-« secretion. We therefore tested
the fractions in the presence of PMB that specifically inhibits
LPS-induced TNF-a secretion. Figure 3 shows the results in two
PPD skin test-negative donors. As expected, LPS induced high
concentrations of TNF-a secretion from purified monocytes. This
secretion was inhibited (> 95%) by PMB, indicating that our
monocyte system was functioning optimally. Fx10 and 24 at
similar concentrations induced much less TNF-a secretion
compared with LPS, but this secretion was not inhibited by

Table 1. Effect of tuberculosis (TB) plasma on PPD-induced monokine secretion

Stimulant TNF-af (P)* 1IL-6F (P)* IL-107 (P)*

Spontaneous

PPD (10 pg/ml) 46 *+ 28 6+ 4 1+0

+ Ctrl plasma 2274 *+ 652 1592 *= 590 584 + 371

+ TB plasma 2380 *= 768 1587 = 504 672 *+ 162
TBO5 2118 = 715 0-4) 1859 = 722 (0-11) 737 = 103 (0-46)
TBO09 2148 *= 528 (0-6) 1747 = 629 (0-17) 698 + 75 (0-46)
TB55 2337 * 545 (0-6) 1926 = 667 (0-046) 787 £ 124 (0-46)
TB90 2354 + 534 0-4) 2222 *+ 1045 (0-116) 991 * 135 0-917)
TB149 5129 *= 1044 (0-006) 2828 *+ 1602 (0-028) 826 + 193 (0-173)
TB153 5086 * 1410 (0-007) 2213 = 1103 (0-463) 672 £ 179 (0-463)
TB157 4352 = 1305 (0-007) 2405 = 1260 (0-173) 966 * 179 (0-046)
TB167 4107 = 949 (0-037) 2555 = 1409 (0-043) 1012 = 118 (0-028)

P wversus PPD alone 0-032 0-001 0-001

Fn = 6. All values are given as pg/ml (mean * s.e.m.).

*Significance was determined by paired #-test in PPD-stimulated monocytes in the presence of control plasma versus TB plasma.
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Fig. 1. Fractionation of TNF-« stimulating fractions. Separation of
culture filtrate antigens using Prep cell as described. Pooled fractions
were run on a 10% acrylamide gel, transferred to nitrocellulose paper and
stained with aurodye. Each fraction was also monitored for its capacity to
directly stimulate TNF-« in purified adherent cell population. All fractions
were tested at a concentration of 0-1 pg/ml.

PMB, further supporting that the fractions were not contaminated
by LPS. This assay system was used to test the effect of
opsonizing antibodies

Antibody-induced enhancement of monocyte cytokine secretion in
Fx10- and Fx24-stimulated monocytes

TNF-a secretion. Figure 4 shows TNF-a secretion with Fx10-
and Fx24-stimulated monocytes in the presence or absence of
either control or TB plasma. Spontaneous release by control and
TB plasma in the absence of added antigen was < 10 pg/ml,
ruling out inadvertent LPS contamination of plasma samples.
Control plasma showed similar levels of TNF-a secretion to
antigen alone in both donors. Several TB plasmas showed
significant augmentation of TNF-« secretion.

Comparative release of TNF-a, IL-6 and IL-10 in antigen-
stimulated monocytes

Table 2 shows the release of TNF-«, IL-6 and IL-10 to both the
mycobacterial fractions (10 and 24) in an individual donor.
Antigen stimulation was carried out in the presence of plasma
from either healthy control or TB patients. Results are tabulated as
percent change in the presence of plasma compared with
stimulation with antigen alone (Table 2). The first panel in
Table 2 shows the percentage change in TNF-a secretion. TB
plasma significantly enhanced TNF-a production in Fx10- and
Fx24-stimulated monocytes (P = 0-01). IL-6 production was
also significantly enhanced by TB plasma in Fx10-stimulated
monocytes (P = 0-004), but only a trend was evident for Fx24-
stimulated monocytes (P = 0-06). Significant augmentation of IL-
10 responses by TB plasma was observed with Fx24 (P = 0-011)
but not with Fx10 (P = 0-092).

The variability in different TB plasma may be related to
quantitative as well as qualitative differences in antibodies to each
of these fractions. To understand further the role of opsonizing
antibodies, concentrations of opsonizing antibodies to each of the
fractions were carried out and cytokines were assessed in the
presence and absence of IgG1 antibodies to these fractions
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Fig. 2. Kinetics of cytokine (TNF-a (@), IL-6 (B) and IL-10 (A)) release
from antigen-stimulated monocytes. Purified adherent cells (1 x 10° cells
in 500 wl) were stimulated with various concentrations of PPD, Fx10 and
Fx24. Cytokines were assessed in the supernatants after 24 h of antigen
stimulation using ELISA assays.

Role of opsonic antibodies (IgG1 and IgG3) in cytokine enhancing
activity

Affinity depletion of IgGl antibodies. Figure 5 shows IgGl
and IgG3 antibody concentrations to Fx10 and 24, pre- and post-
Protein ‘A’ treatment. Antibody concentrations are expressed as
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Fig. 3. Functional assessment of adherent cell assay for TNF-« release
from two skin test-negative donors (TE and DH). Purified adherent cells
(1 x 10° cells in 500 wl) were stimulated with either lipopolysaccharide
(LPS; 0-1 ng), Fx10 (0-1 pg) or Fx24 (0-1 wg) in the presence or absence
of Polymyxin B (PMB; 10 ung).

OD units/ml (OD x dilution). Concentrations of IgG1 antibodies
were higher to Fx24 than Fx10 (P = 0-02 by paired #-test).
Treatment of plasma with Protein ‘A’—Sepharose depleted the
levels of IgG1 antibodies to Fx10 and 24 to < 5% of pretreatment
values (P < 0-003). Much fewer plasma samples were positive
for IgG3 antibodies, and as expected Protein ‘A’ treatment
resulted in much less removal of IgG3 antibodies from plasma
samples (P > 0-5). In two plasma samples (TB153 and TB157)
higher concentrations of IgG3 anti-Fx24 antibodies were detected
post-treatment, indicating that there may have been competition
between different IgG subclasses.

Effect of IgGl antibody depletion on cytokine-enhancing
activity of TB plasma. The effect of removal of IgG1 antibodies
from TB plasma on cytokine secretion in antigen-stimulated
monocytes is shown in Table 3a (Fx10) and Table 3b (Fx24).
Removal of IgGl resulted in highly significant decreases in
antigen-induced TNF-« and IL-6 release to Fx10 as well as Fx24
when compared with pretreatment TB plasma. TB plasma on the
other hand showed an opposite effect in antigen-stimulated
monocytes on IL-10 release. In the case of Fx10 there was
significant enhancement of IL-10 release in IgGl-absorbed TB
plasma (P < 0-006). With Fx24, although the mean increase was
>50%, overall significance was not achieved (P = 0-17).
Interestingly, three TB plasma (TBSS5, TB153 and TB157) that
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Fig. 4. Augmentation of TNF-« secretion in the presence of tuberculosis
plasma from purified adherent cells. Purified adherent cells (1 x 10° cells
in 500 wl) were stimulated with either Fx10 (0-1 ug) or Fx24 (0-1 ng) in
the presence of control plasma or TB plasma or antigen alone. TNF-a was
assessed in the supernatants after 24 h of stimulation by ELISA.
Spontaneous release of TNF-a by adherent cells was also assessed for
plasma samples without any added stimulant (spontaneous), and was
< 10 pg/ml for all plasma samples.

showed the most enhanced IL-10 release in the absence of IgGl
contained high concentrations of IgG3 antibodies to the two
fractions. It is therefore tempting to suggest that IgG3 antibodies
may up-regulate IL-10 secretion in the absence IgG1 antibodies.
However, results with both fractions for IL-10 are consistent in
that they support that IgG1 plays little or no role in enhancing IL-
10 secretion, while the most significant impact of IgG1 is on TNF-
« secretion. These studies highlight the role that opsonic
antibodies may play in cytokine balance during mycobacterial
infections.

DISCUSSION

Antibodies conventionally are considered to play little or no role
in defence against mycobacteria and the role of antibodies in
pathogenesis is yet to be determined. We have recently reported
that IgG1 anti-PPD antibodies augmented TNF-a secretion in
PPD-stimulated monocytes, suggesting a role for antibodies in
disease symptomatology associated with TNF-a in advanced TB
[17]. This study extends these observations to another proin-
flammatory cytokine IL-6 and macrophage down-regulatory
cytokine IL-10. Both these cytokines are considered to play an
important role in B cell differentiation and class switching [23].
The effects of eight TB plasma on IL-6 and IL-10 secretion were
not as consistent or dramatic in PPD-stimulated monocytes as
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Table 2. Effect of tuberculosis (TB) plasma on antigen-stimulated secretion of TNF-e, IL-6 and IL-10

215

TNF-a 1IL-6 IL-10
Fx10 (30 kD) Fx24 (58 kD) Fx10 (30 kD) Fx24 (58 kD) Fx10 (30 kD) Fx24 (58 kD)
Stimulus 233 (pg/ml) 42 (pg/ml) 926 (pg/ml) 268 (pg/ml) 106 (pg/ml) 49 (pg/ml)
Antigen alone % change % change % change % change % change % change
+ Control plasma 26 95 —42.9 93 33.9 0
+ TB plasma
TBOS 356 1057 —4.9 3.0 122 102
TB09 61-7 692 =30 21-6 -56 132
TB55 392 317 192 93 292 51
TB90 88 64 33 90-6 107 143
TB149 545 2464 69-9 23-8 105 153
TB153 1475 504 235 860 245 163
TB157 441 1247 122 429 —10-3 316
TB167 586 1647 153 154 2-8 122
TB mean (95% CI) 493 (125-861) 999 (343-1655) 74-7 (0-150) 198-9 (—54-452) 60-6 (—12:9-134) 117-9 (36-200)
*P versus control 0-01 0-01 0-004 0-06 0-092 0-011
*Significance determined by one-sample r-test.
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Fig. 5. Absorption of IgG1 antibodies from plasma samples obtained from tuberculosis patients. Plasma samples were subjected to protein
‘A’ absorption. IgG1 and IgG3 antibodies were determined in untreated (CJ) or protein ‘A’-treated plasma (M) to Fx10 (top panel) and to
Fx24 (bottom panel). Antibody activity is expressed as optical density (OD) units/ml (OD X dilution of the plasma).
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Table 3a. Effect of protein ‘A’ absorbtion of tuberculosis (TB) plasma on antigen-stimulated (Fx10) monocyte section of cytokines

TNF-a IL-6 IL-10
Plasma ID Pre Post % change  Pre Post % change Pre Post % change
TBOS 738 94 —87-2 881 536 —39-1 148 242 +63-5
TB09 364 66 —81-8 647 820 +26-7 122 146 +19:6
TBS55 1026 290 =717 1104 785 —28-8 122 234 +91-8
TB90 656 180 =725 1232 776 =37 194 215 +10-8
TB149 1291 464 —64 1539 1032 —32.9 191 220 +15-1
TB153 1156 701 —39.3 3107 1885 —64.8 417 440 +55
TB157 1057 453 - 171 2036 1225 —39-8 98 172 +75-5
TB167 1362 556 —59-1 2336 1127 -517 116 140 +20-6
Mean (95% CI) 605 (450-761) 587 (190-983) —50 (—81-276-18-974)
*P wversus prior to P < 0:0001 P < 0-009 P < 0:006

protein A absorption

Expression of all TNF-« and IL-6 was significantly decreased following absorption of plasma using protein A. A trend towards increased expression of

IL-10 is evident.

*Significance determined by paired #-test using Fisher’s two-tailed analysis.

¢

b. Effect of protein

A’ absorbtion of TB plasma on antigen-stimulated (Fx24) monocyte section of cytokines

TNF-a IL-6 IL-10
Plasma ID Pre Post % change  Pre Post % change  Pre Post % change
TBOS 88 0 —100 276 9-8 —96-4 58 132 +127
TB09 350 0 —100 326 143 —56 140 175 +25
TBSS 211 9-1 —95-6 276 84.5 -69 87 148 +70
TB90 83 0 —100 511 184 —63-9 148 135 —87
TB149 742 16-1 —-17-8 873 359 —58-8 154 194 +25.9
TB153 287 305 627 2573 193 —-924 63 550 +773
TBI157 585 4.5 —99.2 1394 359 =742 180 159 —11-6
TB167 632 32:5 —94.8 671 316 —529 25 575 +130
Mean (95% CI) 326 (92-1-560) 656 (30-3-1282) — 60-7 (— 224-8-50-94)
*P wversus control P =0-013 P =004 P =017

Expression of all TNF-a and IL-6 was significantly decreased following absorption of plasma using protein A. A trend towards increased expression of

IL-10 is evident.

*Significance determined by paired #-test using Fisher’s two-tailed analysis.

those observed with the partially purified Fx10 and Fx24. There
was considerable variability within donors and an even greater
variability was introduced by the complexity of PPD, which is a
complex mixture of proteins and glycolipids prepared from the
spent culture medium of Mzb. To have a more defined system we
fractionated antigens from culture filtrate containing the known
30-kD fibronectin binding alpha antigen [24] and 58-kD
glutamine synthetase [25]. Both these proteins have previously
been demonstrated to stimulate directly monocyte production of
TNF-a [19,26]. Care was taken to exclude glycolipids and
endotoxin from these preparations that may influence cytokine
expression. Furthermore, to observe the effect of antibodies the
antigenic fractions were used at suboptimal concentrations. The
extent of TNF-a augmentation in the presence of antigen-specific
antibodies with both fractions was significantly greater than that
observed previously with PPD. In the case of Mtb 30-kD alpha
antigen, binding to plasma fibronectin has previously been shown
to enhance its capacity to stimulate release of TNF-« [26]. We did
not observe such enhancement in the presence of at least three
control plasmas (data not shown). The contribution of other

receptors (mannose receptor or complement receptors) should also
be minimal, if any, as LAM-containing fractions were excluded
and heat inactivation of plasma samples was carried out to
deactivate complement components. Thus the main contribution
in antigen uptake should be mediated by the Fc receptors in this
system. Antigen-induced expression of TNF-«, IL-6 and IL-10
was significantly enhanced only in the presence of TB plasma.
That IgGl antibodies played a significant role in the
enhancement of proinflammatory cytokines was further confirmed
by absorption of plasma samples with Protein ‘A’, which
selectively binds to the Fc portion of human IgGl, IgG2 and
IgG4 but not to IgG3 antibodies [27,28]. Depletion of IgG1 either
had no effect on the enhancing activity of IL-10 secretion or in
some cases showed a significant increase in IL-10 secretion.
Interestingly, three plasmas that resulted in a significant increase
of IL-10 also had the highest concentrations of IgG3 antibodies.
This effect of IgG3-containing plasma was restricted to IL-10
only, suggesting a role for IgG3 in the up-regulation of IL-10.
Although IgG2 and IgG4 antibodies are also removed by Protein
‘A’ treatment, these subclasses do not bind to Fc receptors on
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monocytes. [gG2 antibodies are prominently directed to carbohy-
drate antigens and IgG4 is present in minute amounts, making it
unlikely for either one to compete for antigen in immune
complex-mediated uptake.

Similar effects of IgG1 antibodies on TNF-a and IL-6 are not
surprising, since co-ordinate expression of these two cytokines has
been observed in several systems [23]. This may be due to
utilization of the same signalling pathway by TNF-a and IL-6
[29,30]. The signalling pathway for IL-10 is known to be distinct
from the proinflammatory cytokines [31]. It is tempting to
speculate that IgG3 may be activating via that pathway. However,
further studies with purified IgG subtypes and blocking of Fcy
receptors are warranted to draw a firm conclusion. These
experiments are now in progress.

The main proinflammatory cytokines in TB are TNF-a
(produced by activated macrophages and T cells) and interferon-
gamma (IFN-y) by CD4, CD8, yd, and natural killer cells
[32,33]. Both of these cytokines participate in granuloma
formation [34,35]. TNF-a also synergizes with IFN-y in its
tuberculostatic activity [36]. However, steady TNF-a production
during chronic TB is not without cost to the host, resulting in
cachexia and weight loss in advanced disease. These effects are
counteracted by inhibitory cytokines such as IL-10 and transform-
ing growth factor-beta, which down-regulate macrophage activity
[37,38]. The balance between these cytokines may thus determine
the pathogenic/protective axis. Our findings therefore have several
important clinical implications, particularly for advanced TB
where opsonizing antibodies are raised and may be aggravating
the disease pathology by, first, amplifying the proinflammatory
cytokine circuit and second, by interfering with the secretion of
down-regulatory cytokines such as IL-10.
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