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SUMMARY

 

In sarcoidosis, a T helper 1 (Th1) response is an essential event and the up-regulation of interleukin-12
(IL-12) has been detected in affected disease sites. In order to investigate the clinical usefulness of cir-
culating IL-12, we measured the serum concentrations of IL-12 by ELISA and performed immunohis-
tochemistry using specific MoAbs for IL-12 in the lungs and scalene lymph nodes of patients with
sarcoidosis. The serum concentration of IL-12 p40 was detectable in all 45 patients with pulmonary sar-
coidosis and 18 normal controls, whereas that of IL-12 p70 was undetectable. The serum concentrations
of IL-12 p40 in pulmonary sarcoidosis were significantly higher than those of the normal controls, espe-
cially in cases with abnormal intrathoracic findings detected by chest roentogenogram. The serum con-
centrations of interferon-

 

g

 

 (IFN-

 

g

 

) also increased compared with those of normal controls and there was
a significant positive correlation between the serum concentrations of IL-12 p40 and IFN-

 

g

 

. Further-
more, serum angiotensin-converting enzyme (ACE) and lysozyme, which are known to be useful mark-
ers for disease activity in sarcoidosis, correlated well with the serum concentrations of IL-12 p40. The
positive 

 

67

 

Ga scan group (for lung field) had significantly elevated serum IL-12 p40 levels compared with
those of the negative group. No bioactivity of IL-12 p70 was detected in three sarcoid cases sera by using
the IL-12 responsive cell line. Finally, the immunohistochemical approach revealed that IL-12 p40 was
expressed in the epithelioid cells and macrophages of sarcoid lungs and lymph nodes. We concluded that
the production of IL-12 p40 was far greater in the sera and we have demonstrated this to be a useful clin-
ical marker for disease activity and the Th1 response in pulmonary sarcoidosis.
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INTRODUCTION

 

Sarcoidosis is a systemic granulomatous disease of unknown
cause which is characterized by histological findings, including
non-caseating epithelioid cell granulomas and infiltrates of CD4

 

+

 

T cells and macrophages. Recent immunological advances have
revealed a predominance of Th1 reaction in its immunopathogen-
esis. IFN-

 

g

 

 and other Th1 cytokines play important roles in the
formation of inflamed sarcoid lesions. Many chemokines that
prime Th1 reactions [including monocyte chemotactic protein-1
(MCP-1), macrophage inflammatory protein-1

 

a

 

 (MIP-1

 

a

 

) and
interferon inducible protein 10 (IP-10)] are also up-regulated in
sarcoid lesions [1,2].

IL-12 is an essential cytokine in the Th1 response, which
makes naive T cells [T helper potential (Thp) cells] differentiate
into Th1 cells, induces IFN-

 

g

 

 production from Th1 cells, and
enhances the cytotoxicity of activated T cells and NK cells [3]. In
sarcoidosis, up-regulation of IL-12 was reported and is important
in the immunopathogenesis of sarcoidosis [4,5]. IL-12 has three
different isotypes, the p40 monomer, the p40 homodimer and bio-
active p70 heterodimer composed of the p40 and p35 subunits
[6,7]. A recent investigation [8] has demonstrated that a novel p19
protein engages IL-12 p40 to form IL-23 (p19p40 heterodimer).
Similar to IL-12 p70, human IL-23 stimulates IFN-

 

g

 

 production
and proliferation in PHA blast T cells. The role of p40 in IL-12 is
well understood, but the role of IL-23 in human disorders has not
been fully studied.

In this study, we measured the concentrations of serum IL-12
p40 and IL-12 p70; however, serum IL-12 p70 levels were below
our threshold of sensitivity. To evaluate the clinical significance of
serum IL-12 p40, we compared circulating IL-12 p40 with the
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established disease markers of sarcoidosis and investigated the
bioactivity of IL-12 p40 in serum using the IL-12 responsive cell
line (NK0 cell).

 

MATERIALS AND METHODS

 

Study population

 

The diagnosis of sarcoidosis was established in 45 individuals (17
males, mean age; 28 and 28 females, mean age 55 years). All of
them were histologically proven cases (non-caseating epithelioid
cell granulomas) showing without any evidence of mycobacterial,
fungal or parasitic infection. None of the individuals had any his-
tory of exposure to organic or inorganic materials known to cause
granulomatous lung diseases. No patients had received corticos-
teroid therapy at the start of the study. Thirty-four patients had
abnormal chest X-ray findings; 18 patients demonstrated hilar
lymphoadenopathy alone (stage I), 10 patients showed hilar lym-
phoadenopathy and interstitial infiltrates in the lung (stage II)
and six patients showed interstitial infiltrates in the lung (stage
III) or pulmonary fibrosis (stage IV). Eleven patients had no
abnormal chest X-ray findings; however, they had abnormal lung
biopsy findings (non-caseating epithelioid cell granulomas) and
uveitis (stage 0). The assessment of disease included clinical fea-
tures, high resolution computed tomography, lung function tests,
a 

 

67

 

Ga scan, bronchoalveolar lavage (BAL) and routine blood
studies.

For comparison, 18 age- and sex-matched normal individuals
were examined. None had a history of cardiopulmonary or other
illness. All results of the physical examination, chest X-ray and
lung function tests were normal. Informed consent was obtained
from both the patients and normal volunteers.

Blood samples were collected at the time of diagnosis and
serum samples were cryopreserved at 

 

-

 

80

 

∞

 

C until use.

 

IL-12 and IFN-

 

g

 

 assay

 

ELISA for determination of serum IL-12 and IFN-

 

g

 

 levels was
performed using commercial ELISA kits [IL-12 p70: R&D sys-
tems, Minneapolis, USA, sensitivity 0·5 pg/ml, IL-12 (p40 and
p70): Endogen, Woburn, USA, sensitivity 5 pg/ml and IFN-

 

g

 

: high
sensitive interferon-gamma human ELISA system, Amersham
Life Science, Bucks, UK, sensitivity 0·10 pg/ml] according to the
manufacture’s recommendation. For the measurement of IL-12
(p40 and p70), we diluted serum samples by 10-fold to fall within
measurable concentrations. ELISA for IFN-

 

g

 

 measurement of
culture supernatants in NK0 cells was performed using another
commercial kit (BioSource International, CA, USA, sensitivity
4 pg/ml).

 

Enzyme assays

 

Angiotensin-converting enzyme (ACE) activity was measured
using a method based on colourimetry of the quinoneimine dye
produced from the substrate hippuryl-

 

L

 

-histidyl-

 

L

 

-leicine [9].
Lysozyme activity was measured using a turbidimetric method
described by Ensink and Haeringen [10]. In this study, serum sam-
ples were incubated with a suspension of 

 

Micrococcus lysodeik-
ticus

 

 (Sigma, St Louis, MO, USA). Lysis of the bacteria with
lysozyme was measured in a spectrophotometer.

 

Immunohistochemistry of IL-12

 

IL-12 monoclonal antibodies (MoAbs: 20C2, a p40 in p70 het-
erodimer, rat IgG1 and 4D6, a p40 monomer and homodimer, rat

IgG1, all donated generously by Dr Gately, Hoffmann-La Roche)
were used to detect the expression of IL-12. Open lung and
scalene node biopsy specimens from sarcoid cases (open lung
biopsy: five cases; scalene lymph node biopsy: two cases of five
lung biopsy cases, respectively) were fixed in 10% buffered for-
malin and were paraffin-embedded. Sections of 5 

 

m

 

m thickness
were deparaffinized with xylene and were microwaved three
times in 0·01 

 

M

 

 sodium citrate buffer (pH 6·0) for 5 min, for anti-
gen retrieval. The sections were incubated subsequently with the
appropriate dilutions of MoAbs and washed with phosphate-
buffered saline (pH 7·4). Positive cells were detected by
sequential reaction with avidin–biotin complexes and DAB sub-
strate (ABC kit; Dako, Glatrup, Denmark). No positive cells were
identified when primary antibodies were replaced by isotype-
matched control immunoglobulins.

 

Culture of cell line

 

The human NK0 cell line was a subclone of the NK92 cell line [11]
and kindly donated by Dr Hoshino (Kurume University Medical
School, Kurume, Japan) with IL-2. NK0 cells were maintained in
supplement with RPMI-1640 medium containing 10% fetal calf
serum (FCS) and 200 U/ml IL-2. For assays, 5 

 

¥

 

 10

 

5

 

 NK0 cells
were suspended in 1 ml of RPMI-1640 containing 10% FCS in 24-
well plates with different concentrations of IL-12 p70 or 10% v/v
serum with 200 U/ml IL-2. After 24 h at 37

 

∞

 

C, the culture of
supernatants were collected for IFN-

 

g

 

 measurement.

 

Statistical analysis

 

Data were expressed as mean 

 

±

 

 s.e.m. Student’s 

 

t

 

-test was used to
determine the difference between groups. The one-way factorial

 

ANOVA

 

 or the Kruskal–Wallis method were used to test for dif-
ferences in the levels of serum IL-12 or serum IFN-

 

g

 

 among each
group, respectively. Significant differences were identified using a
sequential rejection Bonferroni test procedure with Kruskal–Wal-
lis methods. Spearman’s rank correlation coefficient analysis was
used to evaluate serum IL-12 

 

versus

 

 serum IFN-

 

g

 

 levels. Peason’s
product-moment correlation coefficient analysis was used to eval-
uate serum IL-12 

 

versus

 

 serum ACE or lysozyme levels. The 

 

P

 

-
value level of significance was 

 

P

 

 

 

<

 

 0·05.

 

Fig. 1.

 

Serum IL-12 p40 levels of patients with sarcoidosis grouped
according to radiographic stage and normal controls.
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RESULTS

 

Serum IL-12 levels of patients with sarcoidosis and normal 
controls

 

We measured the serum IL-12 concentrations of patients with sar-
coidosis and healthy controls. IL-12 (p40 and p70) was detected in
all samples of patients with sarcoidosis and normal controls. Con-
versely, no detactable concentrations of IL-12 p70 were found in
any serum samples. These results demonstrated that serum IL-12
(p40 and p70) detected in patients with sarcoidosis and normal
controls were virtually attributable to IL-12 p40 alone. Therefore,
we will concentrate on IL-12 p40 instead of IL-12 (p40 and p70).

The levels of serum IL-12 p40 in patients with sarcoidosis
(1080 

 

±

 

 136 pg/ml) were significantly higher than those of normal
controls (331 

 

±

 

 34·4 pg/ml, 

 

P

 

 

 

=

 

 0·0011). When comparing different
radiographic chest X-ray stages and normal controls, stages I and
II showed significantly elevated serum IL-12 p40 levels [stage 0;
641 

 

± 

 

95·3 pg/ml (

 

P

 

 

 

=

 

 0·279), stage I; 1110 

 

±

 

 208 pg/ml
(

 

P

 

 

 

=

 

 0·0024), stage II; 1660 

 

±

 

 402 pg/ml (

 

P

 

 

 

<

 

 0·0001) and stage
III 

 

+

 

 IV; 846 

 

±

 

 271 pg/ml (

 

P

 

 

 

=

 

 0·145)] (Fig. 1).

 

Serum IFN-

 

g

 

 levels of patients with sarcoidosis and normal 
controls

 

We also measured serum IFN-

 

g

 

 levels of the same patients and
normal controls (Fig. 2). In 15 of 18 healthy controls, the levels of
serum IFN-

 

g

 

 were very low (

 

<

 

0·10 pg/ml). The levels of the three
remaining healthy controls were 050 

 

±

 

 0·12 pg/ml. In stage 0 sar-
coid cases, the levels of seven cases were below the lower detec-
tion limit and those of the remaining patients were 0·95 

 

±

 

 0·32 pg/
ml and the levels of stage 0 cases were not elevated significantly
compared to controls (

 

P

 

 

 

=

 

 0·323). In stage I sarcoid cases, the lev-
els of two patients were below the lower detectable limit and the
average of the remaining nine patients was 2·03 

 

±

 

 0·38 pg/ml. The
average serum IFN-

 

g

 

 levels of the nine stage II cases were
1·94 

 

±

 

 0·47 pg/ml and five stage III 

 

+

 

 IV cases were 2·15 

 

±

 

 1·34 pg/
ml (except one patient who was below the lower limit). The levels
of stage I and stage II cases were increased significantly compared
with those of normal controls (

 

P

 

 

 

<

 

 0·0001, respectively), and stage

 

Fig. 2.

 

Serum IFN-

 

g

 

 levels of patients with sarcoidosis grouped according
to radiographic stage and normal controls. The dashed line indicates the
level of sensitivity in this assay.
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Correlation between serum IL-12 p40 and serum IFN-

 

g

 

 in patients
with sarcoidosis. 

 

r

 

 

 

=

 

 0·431; 

 

P 

 

=

 

 0·0047; 

 

n

 

 

 

=

 

 45.
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Fig. 4.

 

Evaluation of IL-12 p40 as a marker of disease activity (compared
to serum ACE and lysozyme levels) in sarcoidosis. (a) Correlation between
serum IL-12 p40 and ACE. (b) Correlation between serum IL-12 p40 and
lysozyme. (a) 

 

r

 

 

 

=

 

 0·484; 

 

P 

 

=

 

 0·0008; 

 

n

 

 

 

=

 

 45. (b) 

 

r

 

 

 

=

 

 0·693; 

 

P 

 

=

 

 0·0001; 

 

n

 

 

 

=

 

 45.
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0 cases (

 

P

 

 

 

=

 

 0·0021 and 

 

P

 

 

 

=

 

 0·0047, respectively), and the levels of
stage III 

 

+

 

 IV cases were elevated significantly compared to those
of normal controls (

 

P

 

 

 

=

 

 0·0011).

 

Correlation between serum IL-12 p40 and serum IFN-

 

g

 

 of 
patients with sarcoidosis

 

We examined the correlation between levels of serum IL-12 p40
and IFN-

 

g

 

 (Fig. 3). The serum IL-12 p40 levels of patients with
sarcoidosis correlated significantly with those of serum IFN-

 

g

 

 lev-
els (

 

r

 

s

 

 

 

= 0·431, P = 0·0047).

Evaluation of IL-12 p40 as markers of disease activity in 
sarcoidosis
We investigated the clinical usefulness of serum IL-12 p40 as a
marker of disease activity in sarcoidosis. Serum ACE and
lysozyme activity are well-established sarcoidosis disease mark-
ers. The levels of IL-12 p40 correlated significantly with the activ-
ity of serum ACE (r = 0·484, P = 0·0008, Fig. 4a) and serum
lysozyme (r = 0·693, P < 0·0001, Fig. 4b). Next, we compared the
serum IL-12 p40 levels between 67Ga scan positive (positive
uptake for lung fields) and negative groups (negative uptake for
lung fields). The group having a positive 67Ga scan had signifi-
cantly elevated serum IL-12 p40 levels (1600 ± 470 pg/ml, n = 10)

compared with those of the negative group (935 ± 107 pg/ml,
n = 35, P = 0·0408). Serum IL-12 p40 was demonstrated to have
potential as a clinical marker for disease activity in sarcoidosis.

Immunohistochemistry of IL-12 p40 in the sarcoid lung and 
scalene node
Positive staining of IL-12 p40 (4D6) was found in epithelioid cells,
giant cells and macrophages of the sarcoid lung. Lymphocytes and
fibroblasts showed no staining. The results of 20C2 (IL-12 p70)
were almost the same as those of 4D6 (IL-12 p40), although epi-
thelioid cells showed somewhat weaker staining (Fig. 5c,d). The
findings of scalene lymph nodes were the same as those of sarcoid
lungs. These results suggest that the increase in IL-12 p40 was, at
least partially, derived from these positively stained cells in the
saroid lung and lymph nodes.

Bioactivity of circulating IL-12 p40 in patients with sarcoidosis 
using NK0 cells
To examine further the circulating IL-12 p40 of patients with sar-
coidosis, we performed Western blot analysis of patient serum. No
findings corresponding to IL-12 and its subunits were detected
(data not shown). Next, we examined the bioactivity of circulating
IL-12 p40 in patients with sarcoidosis. The NK0 cell, which is a

Fig. 5. Immunohistochemistry of IL-12 (p70 and p40) in the sarcoid lungs. (a) Anti-human IL-12 p40 MoAb 4D6 (a p40 monomer and
homodimer, rat IgG1) and (c) IL-12 p70 MoAb 20C2 (a p40 in p70 heterodimer, rat IgG1) were applied to paraffin-embedded sections
using the avidin–biotin complex and developed using the DAB substrate. (b,c) Control immunohistochemical reactions using rat IgG1. A–
D: ¥ 340 original magnification.

a b

c d
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subclone of the NK92 cell line, is dependent on IL-2 and IL-12.
Co-administration with IL-2 and IL-12 in NK0 cells, IFN-g
production synergistically augments. We used the serum samples
of three sarcoid cases. Circulating IL-12 p40 levels of three sar-
coid cases as follows: case 1, 1330 pg/ml; case 2, 1850 pg/ml; case
3, 890 pg/ml. Recombinant human (rh) IL-12 p70 was adminis-
tered at concentrations of 10 pg/ml, 100 pg/ml and 1 ng/ml as pos-
itive controls. The results of IFN-g measurement showed as
follows: medium only, < 4 pg/ml; IL-2 (200 U/ml), 755 pg/ml; IL-
2 + IL-12 (10 pg/ml), 702 pg/ml; IL-2 + IL-12 (100 pg/ml), 880 pg/
ml; IL-2 + IL-12 (1 ng/ml), 1270 pg/ml; IL-2 + case 1 serum,
503 pg/ml; IL-2 + case 2 serum, 314 pg/ml; IL-2 + case 3 serum,
509 pg/ml. The average of three normal controls was 395 ± 3·7 pg/
ml (Fig. 6). These results demonstrated that the patient serums
with sarcoidosis (and normal controls serum) had no bioactivity
of IFN-g induction.

DISCUSSION

In this study, we have demonstrated that the serum levels of IL-12
p40 and IFN-g in patients with sarcoidosis were increased when
compared with those of normal controls, especially in patients
with obvious intrathoracic abnormal chest roentogenogram find-
ings. The 67Ga scan positive sarcoidosis group had significantly
elevated serum IL-12 p40 levels compared of those of 67Ga scan
negative group. The concentrations of serum IL-12 p40 in sarcoid
cases correlated further with those of serum IFN-g in addition to
the activity of serum ACE and lysozyme. Serum levels of IL-12
p40 were demonstrated to be useful markers of disease activity in
pulmonary sarcoidosis. The present study revealed immunohisto-
logically that epithelioid cells expressed the IL-12 p40 and p70
heterodimer, although the detection of IL-12 p40 and p35 mRNA
was not confirmed. It is suspected that monocytes from the blood-
stream differentiate into the epithelioid cells in inflamed sarcoid
lesions [12]. Epithelioid cell function in sarcoid lesions is not
understood fully. Recent studies [13–15] have revealed that
lipopolysaccharide or bacterial stimulation and the interaction
between CD40 and the CD40 ligand on antigen-presenting cells
(APC, macrophages and dendritic cells) and CD4+ T cells can
induce IL-12 p40 production. The interaction between APC and
CD4+ T cells via the major histocompatibility complex class II and

T cell receptor can also induce IL-12 p35 [16]. We speculate that
epithelioid cells of sarcoid granulomas might produce IL-12 and
play an important role in the Th1 response in sarcoidosis.

Recent immunological advances have demonstrated that IL-
12 was up-regulated in active sarcoid lesions and the cytokine pro-
file in sarcoidosis showed a Th1 predominance in granuloma for-
mation. IL-12 has been reported to be present in three different
forms: p40 monomer, p40 homodimer and p70 heterodimer
(p35p40). IL-12 p70 is the bioactive form binding and causing sig-
nal transduction through the IL-12 receptor (IL-12R), composed
of b1 and b2 chains. IL-12 p40 homodimer acts as an antagonist of
IL-12 p70 in vitro by blocking the interaction of IL-12 p70 and IL-
12Rb1. Binding studies of the mouse p40 dimer have demon-
strated a poor affinity for IL-12Rb2 [17]. In vivo, treatment with
the p40 dimer protected mice from IL-12-dependent shock [18]
and p40 transgenic mice showed a reduced Th1 response [19].
Oppmann et al. [8] have documented that a novel 4-a helix cytok-
ine p19, related to IL-12 p35, bound to IL-12 p40 to form a p19p40
heterodimer (IL-23). IL-23 is produced by activated dendritic
cells and binds to IL-12Rb1. IL-23 enhances the proliferation and
production of IFN-g in activated human PHA blast T cells. p40 is
important in the formation of IL-12 p70 (p35p40 heterodimer)
and IL-23 (p19p40 heterodimer).

Generally, IL-12 p70 is undetectable in the circulation,
although it has been measured in Th1 dominant disorders [e.g.
rheumatoid arthritis (RA), juvenile chronic arthritis (JCA) and
tuberculosis] [20–22]. The production of IL-12 p40 is considered
to be far greater than that of IL-12 p70. It has been shown that IL-
12 p40 secretion is 10–100-fold greater than IL-12 p70 secretion
from cultured macrophages and the Epstein–Barr virus-infected
B lymphoblastoid cell line [23]. Further, freezing and thawing of
a serum sample may further degrade IL-12 p70 because of its
inherent instability [4]. In this study, in spite of the agonistic
action of the IL-12 p70 heterodimer, the levels of IL-12 p40
closely followed the pulmonary sarcoidosis disease activity and
there was, at least, no bioactivity of IL-12 p70 in the patients’
serum using the IL-12-responsive cell line (NK0 cell). A similar
result was reported in RA and JCA for tumour necrosis factor-a
(TNF-a). TNF-a is considered to be a major cytokine in the
pathogenesis of these diseases and is barely detectable in the
serum samples of these patients. In contrast, the levels of TNF sol-
uble receptors (p55 and p75) that neutralize the biological activity
of TNF-a are increased in the sera of these diseases and corre-
lated with the clinical markers of disease activity [21,24]. Another
possibility concerning the detection of IL-12 p40 in sera may be
considered to participate partially in IL-23 production. A recent
study by Cooper et al. [25] showed that the IL-12 p35 knockout
mice showed high p19 and p40 mRNA expression and protective
immunity for mycobacterial infection. However, no methods for
measuring p19p40 protein products quantitatively in mouse or
human systems have been developed.

We conclude that IL-12 p40 was easily detectable in patient
sera and was a useful clinical marker of sarcoidosis disease activ-
ity showing a Th1 predominance.
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Fig. 6. IFN-g production in NK0 cells stimulated with sarcoid cases (and
normal controls) sera. Cases 1–3: three patients with sarcoidosis and NC
1–3: three normal controls.
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