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SUMMARY

Data are limited regarding serum concentrations of soluble CD14 (sCD14), a marker of macrophage
activation, in patients with active tuberculosis (TB) and during drug treatment. In this study,
concentrations of sSCD14 were measured in serum samples obtained from 105 African subjects who were
categorized into one of four groups: persons with pulmonary TB alone (TB*HIV ™, n = 30), pulmonary
TB and HIV co-infection (TB HIV ™, n = 20), or HIV infection alone (TB HIV ™", n = 25), and healthy
controls (TB HIV ", n = 30). Mean total sCD14 was significantly increased in serum of patients with
newly diagnosed pulmonary TB (mean = 6:6 g/ml, s.d. = 1-6 g/ml) compared with healthy controls
(mean = 3-1 g/ml, s.d. = 0-6 g/ml; P < 0-0001), and this elevation comprised proportionate increases
in the o (2-1-fold greater, P < 0-0001) and B (2-0-fold greater, P < 0-0001) forms of sCD14. Total
sCD14 was also increased in serum of HIV-infected patients (mean = 4-1 g/ml, s.d. = 1.9 g/ml;
P < 0-01), but the highest concentrations were observed in patients with pulmonary TB and HIV co-
infection (mean = 87 g/ml, s.d. = 3-1 g/ml; P < 0-0001). Analysis of serum samples prospectively
collected from TB HIV patients during the first 3 months of successful anti-TB treatment
demonstrated steep reductions in mean concentrations of the acute-phase protein, C-reactive protein,
and the soluble lymphocyte activation marker, sSCD25. In contrast, levels of sSCD14 increased during the
first month of treatment and slowly declined thereafter. These data indicate that the serum concentration
of sCD14 is not a sensitive index of response to anti-TB treatment and suggest that cellular activation
resolves more slowly in the macrophage pool compared with the lymphocyte pool during anti-TB

treatment.
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INTRODUCTION

CD14 is expressed principally by monocytes and macrophages
and plays an important role in mounting the host response to
bacterial pathogens (reviewed in [1]). Membrane-associated CD14
(mCD14) acts as a high-affinity cell surface receptor for
lipopolysaccharide (LPS) from Gram-negative bacteria and also
for cell wall components of Gram-positive organisms. Engage-
ment of this receptor leads to potent cellular activation and release
of immune and proinflammatory mediators [2—4]. Membrane-
associated CD14 is also shed from cells as soluble CD14 (sCD14),
which binds LPS and mediates activation of both mCD14 " and
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mCD14 " cells [5-8]. Thus, in addition to mCD14, sCD14 may
have an important regulatory role in the host response to bacterial
endotoxins. Soluble CD14 is shed in two forms—a low molecular
weight (48 kD) a form (sCD14«) and a high molecular weight
(56 kD) B form (sCD14B) [6,7]. No functional distinction
between the two forms has been identified, and the effects of
different diseases on their relative expression have not been
described.

Increasing evidence suggests that mCD14 and sCD14 are
important in the host response to Mycobacterium tuberculosis,
serving as receptors for lipoarabinomannan (LAM), a major
mycobacterial cell wall component [4,9]. In the same way as
LPS, LAM interacts with both mCD14 and sCD14, leading to
activation of macrophages, release of proinflammatory cytokines,
and up-regulation of cell adhesion molecules in vitro [10].
Furthermore, in vivo, concentrations of sCD14 are increased in
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both bronchoalveolar lavage fluid (BALF) [11] and serum
samples [12] obtained from patients with pulmonary tuberculosis
(TB) prior to treatment.

Previous work has explored the prognostic value of serum
concentrations of sCD14 in various disease states, including
leukaemia, sarcoidosis, extrinsic allergic alveolitis, septicaemia,
burns, polytrauma, and HIV infection [13—-18]. In patients with
pulmonary sarcoidosis, serum concentrations of sCD14 correlate
with disease activity, lung functional impairment, and response to
therapy, suggesting a possible role as a prognostic marker in
patients with this disease [15]. Serum sCD14 concentrations
correlate with the acute-phase response in patients with trauma,
burns, and septicaemia [16] and with disease progression in HIV-
infected patients [18]. However, data regarding concentrations of
sCD14 levels in serum of patients with TB prior to and during
treatment are limited, and the potential use of serum sCD14 as a
prognostic marker during anti-TB treatment has not been
investigated.

In this study we measured concentrations of total sCD14,
sCD14a and sCDI148 in serum samples obtained from HIV ™
patients with newly diagnosed pulmonary TB in West Africa.
Also, in view of the importance of macrophage activation and
proinflammatory cytokine secretion in the co-pathogenesis of TB
and HIV infection, we measured serum levels of sCD14 in
patients with pulmonary TB who were co-infected with HIV [19-
21]. Further analysis of serum samples prospectively collected
from patients during anti-TB treatment enabled us to investigate in
detail whether concentrations of sCD14, a marker of macrophage
activation, correlate with response to drug treatment and with the
changes in activation of the lymphocyte cell pool.

PATIENTS AND METHODS

Patients

Fifty adult patients with newly diagnosed smear-positive pulmon-
ary TB were recruited at the Chest Clinic at the Komfo Anokye
Teaching Hospital in Kumasi, Ghana, West Africa. Suspected
diagnoses of pulmonary TB were confirmed by positive Ziehl—
Neelson staining of two or more sputum samples. Details of age,
sex, height, and weight were recorded. Chest radiographs were
performed on all patients and the extent of their disease was
assessed. HIV-1/HIV-2 serology was performed with Wellcozyme
ELISA (Murex Diagnostics Ltd, Dartford, UK). Thirty consecu-
tive HIV ™ patients (TB "HIV ™) and 20 consecutive HIV " patients
(TBTHIV™) with TB were enrolled.

A group of 25 HIV*' patients who did not have TB
(TB"HIV") wa also recruited. Fifteen of these patients were
asymptomatic women (CDC stage A) attending an antenatal
clinic, and 10 were patients attending a sexually transmitted
diseases clinic who had HIV-related symptoms but had no current
opportunistic infection nor a history of previous AIDS-defining
illness (CDC stage B). Thirty HIV~ blood donors (TB HIV ")
were also enrolled as healthy controls following medical review.

At the time of enrolment in the study, blood samples were
collected from all study participants in pyrogen-free collection
tubes and sera were quickly separated and stored at —80°C.
Subsequent serum samples were obtained after 1, 2 and 3 months
of anti-TB treatment in TBYHIV"™ (n = 10) and TBTHIV™
(n = 10) groups of patients. Treatment included an intensive
phase of daily streptomycin, rifampicin, pyrazinamide and
isoniazid for 2 months, followed by a continuation phase of daily

isoniazid combined with either thiaocetazone (HIV ™ patients) or
ethambutol (HIV™ patients). Sputum smears of all patients were
assessed at 2 and 3 months of treatment by technicians blinded to
the clinical status of the patients.

The study was approved by the Committee on Human
Research, Publications and Ethics of the School of Medical
Sciences, the University of Science & Technology, Kumasi,
Ghana, West Africa, and all subjects gave informed consent.

Measurement of sCD14, sCD25 and C-reactive protein
The concentrations of total sCD14 in serum samples were
measured by a commercially available enzyme immunoassay
(EIA; Medgenix, Fleurus, Belgium) following the manufacturer’s
protocol. Alpha and B forms of sCD14 were determined as
described previously [7]. In brief, each serum sample was
independently analysed three times by Western blot using the
CD14-specific MoAb MY4 (Coulter, Luton, UK) and then
visualized by enhanced chemiluminescence with horseradish
peroxidase (HRP)-conjugated sheep anti-mouse immunoglobulin
(Amersham, Aylesbury, UK). Luminescence was detected by
short exposure of the blots on Hyperfilm MP (Amersham) films.
The sCD14 « and B polypeptide bands were quantified by laser
densitometric scanning (BioRad Labs, Hemel Hempstead, UK)
and the average of two analyses was taken. All readings fell within
the linear range of the assay established in preliminary experi-
ments. The absolute levels of the @ and B forms were then
calculated from the total sSCD14 serum measurements.
C-reactive protein (CRP), an acute-phase protein, was
measured by EIA using Virgo CRP 150 Kit (Hemagen
Diagnostics Inc., Waltham, MA). Soluble CD25 (sCD25), the «
subunit of the IL-2 receptor, was measured by ELISA (R&D
Systems Inc., Minneapolis, MN).

Statistical analysis

Prism version 2.0 software (GraphPad Software Inc., San Diego,
CA) was used for the analysis. All variables were found to
approximate to a normal distribution. Changes in variables
between two time points was analysed using 7-tests. Results were
regarded as statistically significant if P = 0-05.

RESULTS

Patient characteristics

Of the 50 patients with smear-positive pulmonary TB, 30 were
male and 20 were female; their mean age was 31-6 years
(s.d. = 86 years). Patients typically had advanced disease with
consolidation involving a median of four out of six radiographic
zones (range 2—6), and cavitation was seen in 37 (74%). The mean
body mass indices of the TBHIV ™~ and TBTHIV ™ patients were
16-1 kg/m? (s.d. = 1-41)and 15-4 kg/m? (s.d. = 2-3), respectively.

Increased serum concentrations of sCDI14 in patients with TB,
HIV and TB/HIV co-infection

There was a 2-1-fold greater mean serum concentration of sCD14
in the TBYHIV ™ group (mean = 6-6 wg/ml, s.d. = 1-6) compared
with  healthy controls (mean = 3-1 ug/ml, s.d. = 0-6;
P < 0-0001) (Fig. 1). Although the mean serum sCD14 concen-
tration in the TB"HIV™ group was also significantly elevated
(mean = 4-1 pwg/ml, s.d. = 1.9) compared with healthy controls
(P < 0-01), the patients with CDC stage A disease (n = 15) had a
mean level comparable to that of healthy controls (mean =
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Fig. 1. Serum concentrations of sCD14 (ug/ml) in healthy controls
(TB"HIV', n=230) and in patients with pulmonary TB alone
(TB*HIV™, n = 30), HIV infection alone (TB HIV', n = 25), or
pulmonary TB and HIV co-infection (TB*HIV™, n = 20) at diagnosis.
Mean values for each patient group are indicated by a bar.

2.9 pg/ml, s.d. = 0-8), while symptomatic patients (CDC stage B,
n = 10) had increased levels (mean = 5-6 ug/ml, s.d. = 1.8;
P < 0-0001). However, the most highly elevated mean serum
sCD14 concentration was seen in the TB*HIV"' group (mean =
87 mg/ml, s.d. = 3-1), a level 2-8-fold higher than that in the
healthy controls (P < 0-0001).

TB enhances expression of both the a and 3 forms of sCDI14
To determine whether the o and B forms of sCD14 are
differentially up-regulated in patients with active TB, we
compared concentrations of both molecules in serum samples of
patients with TB and healthy controls (Table 1). Of the two
species, sCD14a was present in higher concentrations (> 2-fold)
in healthy controls as well as in patients with TB. More
importantly, higher mean concentrations of sCD14a (2-1-fold
greater, P < 0-0001) and sCD14 (2-0-fold greater, P < 0-0001)
were present in patients with TB compared with healthy controls.
However, the ratio of sCD14a:sCD148 was the same in the two
groups, showing that the two forms of sCD14 are up-regulated
proportionately in persons with TB.

Prolonged elevation of serum sCD14 levels during anti-TB
treatment

All patients with TB who were studied prospectively during drug
treatment (n = 20) responded to therapy, resulting in negative

Table 1. Mean = s.d. serum concentrations of total sCD14, CD14« and
CD148 (wg/ml) in patients with pulmonary tuberculosis (TB “HIV ™) and
healthy controls (TB " HIV ")

TBYHIV™ TB HIV™
(n =30) (n = 30)
mean (s.d.) Mean (s.d.) P
Total sCD14 6-57 (1-56) 3-11 (0-65) < 0-00001
sCD14« 4-62 (1-17) 2-15 (0-48) < 0-00001
sCD14B 195 (0-46) 0-96 (0-22) < 0-00001
CD14a:CD148 24 22 NS
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Fig. 2. Mean * s.e.m. serum concentrations of sCD14, sCD25 and
C-reactive protein (CRP) in patients receiving treatment for pulmonary TB
(TB*HIV™, n = 10). Mean serum concentrations are expressed as a
percentage of the mean pretreatment concentration.

staining of all sputum smears for acid-fast organisms after
3 months of therapy. Mean *s.d. serum sCD14 concentrations
in these 20 patients rose significantly during the first month of
treatment (6:9 * 0-7 wg/ml versus 7-8 * 0-6 wg/ml; P = 0-01)
but subsequently declined during the second and third months
of treatment (7-8 = 0-6 wg/ml wversus 59 £ 0-5 pwg/ml;
P = 0-001). This transient increase followed by a slow decline
in mean serum sCD14 concentrations was seen in both TB HIV ™~
(n = 10) (Fig. 2) and TBTHIV* (n = 10) subgroups of patients.
The changes in serum sCD14 concentrations from pretreatment
values in these subgroups were not statistically significant,
probably as a result of the small numbers of patients (n = 10)
in each group. However, after 3 months of treatment mean serum
concentrations of sCD14 were still significantly elevated in both
the TBYHIV™ group (7-0 = 0-9 wg/ml) and the TB HIV ™ group
47 £ 09 png/ml) compared with the TB HIV™ group
(3-1 = 0-6 pwg/ml) (P < 0-001 for each).

Serum sCD14, CRP and sCD25 concentrations during anti-TB
treatment

In TBTHIV ™ patients (n = 10) receiving treatment for TB, mean
serum concentrations of sCD14 were compared with changes in
serum concentrations of the acute-phase protein, CRP, and sCD25
(Fig. 2). There was no significant decline in mean serum sCD14
concentration from pretreatment levels during the first 3 months
of anti-TB treatment. However, mean serum CRP concentrations
declined by 47-1% during the first month of treatment
(84-6 = 16-3 mg/l versus 44-8 = 12.0 mg/l; P < 0-01) (Fig. 2)
and continued to decline to near normal levels by the third month
(13:5 = 1-5 mg/l), in keeping with the microbiological and
clinical response to therapy. During the first month of treatment
there was also a steep decline in mean serum sCD25 concentra-
tions from pretreatment levels (2856 * 626 pg/ml wversus
1714 = 311 pg/ml, respectively; P < 0-01) (Fig. 2). After
2 months of treatment, mean sCD25 levels reached a plateau in
the normal range (mean * 2 s.d. serum concentration in 35
healthy West African subjects; unpublished data). Thus, serum
concentrations of sCD14 were dissociated from those of CRP and
sCD25 during resolution of TB.

© 2000 Blackwell Science Ltd, Clinical and Experimental Immunology, 120:483-487



486 S. D. Lawn et al.

DISCUSSION

In this study we have confirmed and expanded findings of
previous studies by demonstrating that serum concentrations of
total sCD14, sCD14« and sCD14f are all elevated in patients
with active TB compared with healthy controls. In addition, while
serum concentrations of sCD14 were also significantly increased
in patients with HIV infection, serum levels were most markedly
elevated in those with TB and HIV co-infection. Furthermore, we
demonstrated that rapid reductions in serum concentrations of the
acute-phase protein, CRP, and the lymphocyte activation marker,
sCD25, occurred during the first 3 months of anti-TB treatment,
whereas levels of sCD14 were slow to decline. These data show
that serum sCD14 concentrations do not provide a sensitive index
of response to anti-TB treatment, and also suggest that cellular
activation resolves more slowly in the macrophage pool compared
with the lymphocyte pool during treatment.

Increased concentrations of sCD14 are detectable in BALF
obtained from patients with active pulmonary TB [11], and our
finding that sCD14 concentrations are also increased in serum of
such patients confirms the findings of Juffermans et al. [12]. Since
CD14 serves as a receptor for mycobacterial LAM [4,8], the
increased levels of sSCD14 in peripheral venous blood distant from
the principal site of disease may be a response to LAM
antigenaemia, which is detectable in most patients with active
TB [22]. This systemic increase may represent an important
component of the host response to M. tuberculosis, helping to
limit systemic spread of the organism. In normal individuals,
plasma concentrations of sCD14« are either similar to or, as in
this study, higher than concentrations of sCD14 [7]. Our finding
that o and B forms were elevated proportionately in patients with
newly diagnosed TB suggests that both forms may play a role in
the host response to mycobacterial disease. However, since
increased shedding of sCD14 is not specific to patients with TB
[13-18], the serum concentration of this soluble receptor is very
unlikely to serve in a diagnostic role for this disease.

This study confirms the finding that serum concentrations of
sCD14 are elevated in patients with HIV infection and that the
increase is dependent upon stage of disease [18]. This increase has
been attributed to progressive activation of the macrophage
cellular pool associated with advancement of HIV infection [18].
However, in contrast to the findings of Juffermans et al., who
studied a limited number of TB/HIV co-infected patients [12], we
demonstrated that serum sCD14 concentrations are markedly
increased in such patients. It is likely that this increase reflects
costimulation of macrophages by M. tuberculosis and HIV; the
high incidence of mycobacteraemia in HIV" patients with TB
[23] may enhance the activation of macrophages systemically.
Such activation of the macrophage cell pool in HIV ™" patients with
mycobacterial disease leads to increased replication of HIV-1 in
these cells [20,24], and macrophages may thus contribute to the
increase in plasma HIV-1 load that accompanies the development
of active TB in such patients [19,25]. Broad systemic activation of
the immune system also occurs in patients with TB and HIV co-
infection [26,27], and sCD14 may serve as an important receptor
mechanism facilitating this immunological activation.

A previous cross-sectional study found that serum concentra-
tions of sCD14 were lower in patients with TB receiving treatment
compared with those with newly diagnosed disease, and that
levels were normal in those that had completed curative treatment
[12]. In this study we prospectively monitored changes in serum

sCD14 concentration during the first 3 months of anti-TB
treatment and correlated these with other parameters of disease
resolution. The significant rise in serum sCD14 in these patients
(TB "HIV™ and TBYHIV™) after 1 month of treatment corre-
sponds to transient increases in serum tumour necrosis factor-
alpha (TNF-a) concentration previously observed at the same
time point of treatment in both TBYHIV™ patients [28] and
TB HIV ™ patients [19]. This initial rise in TNF-« is thought to be
due to release of mycobacterial antigens [28], and the coincident
rise in sSCD14 may represent a component of the host response to
the increased antigen load, which results in up-regulation of TNF-
«a secretion. The slow decline in serum sCD14 concentrations that
occurs during anti-TB treatment parallels similar changes in
serum TNF-« in TB HIV™" patients [19].

The rapid decline in mean serum CRP concentrations reflected
the exponential decline in mycobacterial burden that occurs
during the first months of anti-TB treatment [29]. In contrast,
persistently elevated serum concentrations of sCDI14 after
3 months of treatment indicate that, unlike CRP, sCD14 is not a
sensitive correlate of the response to treatment. Although the half-
life of sCD14 in the circulation has not been defined, the changes
in serum concentrations of sCD14 in patients responding to anti-
TB treatment suggest that macrophage activation, after initially
increasing, declined slowly thereafter. In contrast, the mean
concentration of sCD25, a well-characterized marker of lympho-
cyte activation [30], reduced sharply during treatment. This
suggests that cellular activation in the lymphocyte cell pool
declines more rapidly than in the macrophage pool during
recovery from pulmonary TB. Slow resolution of macrophage
activation may, in part, explain the persistent elevation of plasma
TNF-a and HIV-1 load observed in African patients treated for
pulmonary TB [19,21].
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