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INTERLUKIN-12 IN CHILDHOOD
TUBERCULOSIS

o
Othman E Soliman* & Maysaa El-Sayed**

From
Pediatric* and Clinical Pathology™* Departments,

Mansoura Faculty of Medicine

ABSTRACT

This work was planned to evaluate
the role of interferon gamma (IFNy)
and IL-12 in tuberculous children and
their relation to hypersensitivity and
disease susceptibility. For this pur-
pose we studied 19 children with new-
ly diagnosed tuberculosis; 12 with pul-
monary TB and 7 with tuberculous
lymphadenopathy; in addition to 12
asymptomatic contacts with positive
tuberculin test and 13 healthy tuber-
culin negative children with matched
age and sex. Both serum and in vitro
production of IFNy and IL-12 by
FBMCs were estimated in all subjects
by ELISA technique. Our results re-
vealed that tuberculous patients had
significantly higher serum IFNy and IL-
12 than both tuberculin positive and
negative control (P<0.001). Similarly,
tuberculin positive contacts had signif-
icantly higher serum levels of both cy-
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tokines compared with healthy nega-
tive group. However, in vitro produc-
tion of IFNy and IL-12 were signifi-
cantly higher in patients and
tuberculin positive contacts than hea-
Ithy tuberculin negative subjects
(P<0.001) and did not differ signif-
cantly between patients and tubercu-
lin positive contacts (P = 0.056, 0.86).
Significant positive correlation was
found between tuberculin diameter
and the studied cytokines. Conclu-
sion: serum levels of IFNy and IL-12
are elevated in tuberculous children
than control with correlation to tuber-
culin reaction denoting a protective
role for these cytokines. The relatively
depressed in vitro production of IL-12-
IFNy axis in tuberculous patients may
predispose to disease progression.
Recommendations: adjuvant cytokine
therapy using IFNy and IL-12 espe-
cially in advanced and resistant tuber-
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culosis is recommended in future
studies.

INTRODUCTION
Mycobacterium tuberculosis (MTB)
is the etiologic agent of human tuber-
culosis and is estimated to infect one
third of the world's  population?.

Most people who become infected
with MTB mount an effective protec-
tive immune response but 5-10% de-
velop disease 2 . It has not been fully
elucidated which of the components
of the immune response against MTB
is indicative of resistance or suscepti-
bility 3 .

Many cytokines have been
implicated in the protective immunity,
pathophysiclogy and development
of tuberculosis2. Recent studies have
indicated that IL-12/interferon gamma
axis is important in mycobacterial
infection susceptibility4. However,
the distinction between changes in
cytokine profile attributable to M
tuberculosis infection and those
associated with active disease is
unclear 5,3,

The aim of this work is to study the
pattern of serum and in vitro produc-
tion of interferon gamma (IFNy ) and
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IL-12 by peripheral blood mononucle-
ar cells (PBMCs) in different forms of
tuberculosis infection in children in or-
der to evaluate the role of these cyto-
kines in tuberculosis and to clarify
their relation to disease susceptibility
and state of hypersensitivity.

SUBJECTS AND METHODS

Subjects :

This work was carried out in the
Unit of Infectious Diseases and Mal-
nutrition, Mansoura University Chil-
dren’s Hospital lasting from January,
2002 to March, 2003. The study in-
cluded 12 patients with newly diag-
nosed pulmonary tuberculosis (2
males and 10 females ) witth mean
age of 9.66 years + 4.84 SD and 7
patients with tuberculous lymphade-
nopathy (5 males and 2 females) with
mean age of 10.2 years £ 4.32 SD. In
addition, 12 asymptomatic contact
children with positive tuberculin test
and 13 healthy tuberculin-negative
children with matched age and sex
were enrolled in the study as control
(table 1,2).

Tuberculin test was done by
Mantoux method using 5 PPD units
and the diameter of induration was
measured 72 hours later. The test
was considered positive when the di-
ameter of induration was = 10 mm 6.



Othman E Soliman* & Maysaa El-Sayed 313

Diagnosis of TB patients was
confirmed by positive smear, Bactec
culture (system  460) or biopsy
(table 3).

We excluded from the study
patients with  chronic debilitating
illnesses, malignancy, diabetes or
those receiving immunosuppressive
therapy.

Methods :

Serum samples were withdrawn
from all patients before treatment and
control groups and preserved at
—200C till cytokine assay. Simultane-
ously, 15 ml of whole heparinized
blood were also withdrawn from all
subjects for in vitro culture. Peripheral
blood mononuclear cells (PBMCs)
were obtained by sedimentation over
Ficoll (Biotest AG. Landsteinestrasse
5.D-63303 Dreieich. Germany).
PBMCs (2 x 108/ml) were suspended
in PRMI 1460 ( Hyclone 1725 south
hyclone road Logan. Utah 84321)
containing 10 % heat inactivated fetal
calf serum and were cultured with
heat killed atypical mycobateria with
ratio of 10:1 MTB to target cells for
48 hours. Supernatent fluids were
then collected and preserved at
—20°C till assay for in vitro cytokine
production 7.

Interferon gamma assay was done
by sandwich enzyme-linked immuno-
sorbant assay (ELISA) according to
instructions of manufacturers
(Immuntech). IL-12 assay was also
done by the same technique (IL-12+
P40 EASIA, BIOSOURCE, Europe
S.A).

Statistical analysis :

Statistical analysis was done using
SPSS (statistical package for social
science program version10,1999).
Data were parametric. Student T test
was used for comparison between
groups. Spearman correlation coef-
ficient test was used to study the re-
lation between variables. Significance
is considered if P < 0.05.

RESULTS

The results of this study revealed
that tuberculous patients and tubercu-
lin positive contacts had significantly
higher serum and in vitro IFNy produc-
tion compared with healthy tuberculin
negative group ( P< 0.001). Serum
IFNy was significantly higher in pa-
tients than tuberculin positive contacts
(P=0.007) without significant differ-
ence between them regarding in vitro
IFNy ( table 4). There were no signifi-
cant differences between pulmonary
or extra-pulmonary patients as re-
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gards IFNy levels (table 6).

Similarly, serum and in vitro IL-12
was significantly higher in both
tuberculous patients and tuberculin
positive contacts compared with hea-
Ithy tuberculin negative subjects and
only serum IL-12 was significantly
higher in patients compared with
tuberculin positive contacts (table 5).

Also there were no significant differ-
ences between pulmonary or extra-
pulmonary regarding IL-12 levels
(table 6).

There were significant positive cor-
relation between both IFNg gamma,
IL-12 and tuberculin diameter. Also,
both cytokines correlate positively
with each other (table 7).

Table (1) Age of studied group (ANOVA test)

Gronp Mean % sn F Significance
Groupl (pulm.) i
(N=12) 9.66 = 4.84
Group2 (extrapulm.) 10.2 % 4.32
(g]i?ct tuberculin 1.82 P=0.158
on :
ReaCtor ('N=l 2) 10.44 == 5.08
Healthy non reactor
(N=13) 10.61  4.64

Table (2) sex distribution of studied groups (chi — square test)
Tuberculin | Healthy non
Sex Pu!n:fmary Ly "’phadf;mp e 4 reactors reactors o
e i N=12 N=I3
Male
No (percent ) | 2 (16.7%) 5(71.4 %) 4(33.3%) | 5(38.5% 0.50
Female :
No(Percent) | 10 (83.3%) 2 (28.6%) 8 (66.7%) | 8(61.5%)
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Table (3 ) Results of Diagnostic tests in tuberculous patients
Skin test b :
Group Positive | Negative Positive smear | Bactect | Biopsy
Pulmonary T.B (N=12) 8 4 9 3 -
Extrapulmonary 6 1 1 6
(lymphadenpathy)(N=7) i

Table (4) Inter comparison of tuberculous patients, asymptomatic tuberculin
reactors and healthy non-reactors regarding serum and in vitro I FN
roduction (T-test )

. 2 Health
Parameter IZB;:;t;nB Tub”";i’;;”“or rnbercu;::n Significance
non-reactors.

Serum IFN P1=0.007*
(pg/ml) P2<0.001 *
Mean £ SD 3.94=1.13 2.90£1.00 1.43 £0.67 | P3 <0.001*

In vitro IFN P1=0.056
(pg/ml) P2<0.001*

Mean + SD 4.85+2.07 3.64£1.75 1.09+0.43 | P3<0.001*

*P is significant if < 0.05 P1: patients versus tuberculin reactors. '

P2: patients versus healthy non-reactors. P3: contact reactors versus healthy non-reactors.

Table (5) Inter-comparison of tuberculous patients, contact tuberculin
reactors and healthy non-reactors regarding serum and in intro IL-12

production (T- test)

i Tuberculin ’
Parameter EB;:;’;"“ rle\:‘c;;r 7::?::::‘;:’:’\7;;;” Significance
SIL-12 (pg/ml) P1=0.001*
Mean £ SD 375.26+96.74 | 200.66 £64.63 62.46 £36.18 | P2<0.001*
P3 <0.001*
Culture IL-12 P1=0.86
(pg/ml) P2<0.001*
Mean £ SD 88.15 +46.76 85.83 £ 34.03 33.92+24.86 | P3<0.001* |
*P is significant if < 0.05 P1: patients versus tuberculin reactors.

P2: patients versus healthy non-reactors.

P3: contact reactors versus healthy non-reactors.
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Table (6) comparison of pulmonary versus extra-pulmonary tuberculous
patients regarding serum and in intro IFN and IL-12 (T-test)

Parameter P"’m;:j?’ 3 | TEy ;:a;enop - Significance
Serum IFN (pg/ml)
mean = SD 3.63 £1.02 448+1.18 0.06
Culture IFN (pg/ml)
mean + SD 494 £2.26 4.61 £1.84 0.64
Serum IL -12 (pg/ml)
mean = SD 367.5 £87.19 388.57 =117.53 0.55
Culture IL-12 (pg/ml)
mean = SD 91.25+43.22 82.85 £55.51 0.64

Table (7) Pearson inter-correlation of serum I. FN y-, sIL-12, culture IFN y,
IL-12, age and tuberculin diameter.

Paramount Are Tu.berculin ESR sIL-12 Culture IL- |
. diameter 12 |
— r0.227 r0.37 1-0.205 r0.718 10259 |
P=0.138 |P=0.013* |P=0.4 P<0.001* |P=0.009 |
cumre PN |F-0114  [r0385 r—0372  |r0.683 r0.58 |
P=0.441 |P=0.008* |P=0.117 |P<0.001* |P<0.001* !
ek it 13 r0.161 r0.477 r-0.455 i
P=0.296 |P=0.001* |P=0.05
T—0.113 |r0.412 r—0.173
Culture IL-12 | 5 _ ) 467 | P=0.005* |P=0.479

* p is Significance ifp < 0.05
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Fig. (1) :

Correlation between tuber-
culin diameter & serum
IFNy.

Fig. (3) :

Correlation between
tuberculin diameter & serum
IL-12

Tuberculin diameter

Culture IFN ¥

Fig. (2) : Correlation between tuber-
culin diameter & culuture
IFNy.

Tuberculin diameter

bnu-»mmmmmi’m

Culture IL-12

Fig. (4) : Correlation between tuber-
culin diameter & culture
IL-12

MANSOURA MEDICAL JOURNAL




318 STUDY OF INTERFERON GAMMA AND INTERLUKIN-12 etc.

DISCUSSION

Gamma interferon is a cytokine
produced mainly by T lymphocytes,
natural killer cells and macrophages
and enhance cell mediated immunity
which is necessary for protection
against intracellular pathogens. IL-12
secretion by antigen presenting cells
was found to be a potent inducer of
IFN gamma production and is also
critical for development of Thi type
response 8:9. This study was carried
out to highlight the role of IFNy and
IL-12 in different clinical forms of tu-
berculosis and to determine their rela-
tion to hypersensitivity and disease
susceptibility.

In Vitro study in this work revealed
a significantly higher IFNy in patients
and tuberculin positive contacts than
healthy negative subjects but no sig-
nificant difference was found between
patients and tuberculin positive con-
tacts. These findings are consistent
with Lai et al (1997)10 who found no
difference in lymphocyte IFNy expres-
sion between active TB patients and
healthy tuberculin positive subjects.
Also, Urlich et al (2003)!1 detected
higher IFNy production by PBMCs in
asymptomatic infected subjects with
TB than healthy non infected but this
cytokine was minimally detected in

Vol. 34, No.3 & 4 July., & Oct, 2003

blood samples from patients with ac-
tive TB. Similar findings were also ob-
tained in other studies2: 12, 13,14

Whether IFNy production in TB pa-
tients is similar to or lower than
asymptomatic tuberculin positive sub-
jects depend on the disease severity.
Dlugovitzky et al (1999)15 found that
patients with mild TB showed a prefe-
rential production of IFNy over IL-4
upon specific antigen stimulation and
patients with moderate disease ap-
peared compatible with a mixed pro-
duction of both cytokines coexisting
with a higher synthesis of TGF-p than
mild patients. Patients with advanced
disease showed the least IFNy pro-
duction with higher IL-4 and TGF-B.
Similarly, PHA stimulated IFN gamma
production was found to be inversely
correlated with disease extent 1.

In vitro IL-12 production in our
study was also higher in patients and
tuberculin positive contacts than hea-
Ithy negative group and patients had
no significant difference from tubercu-
lin positive asymptomatic subjects.
These findings agree with Swamina-
than et al (1999)17 who found that the
production of IL-12 from PBMCs was
similar in patients and healthy tuber-
culin reactors. Also, multi-drug resist-
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ant TB patients were similar to hea-
Ithy tuberculin reactors in their IL-12
P70 producing capacity 18.

The depression of in vitro cytokine
production in TB was found to be a
transient phenomenon that reverse
after 2 weeks of therapy 11,3, The
underlying mechanism for this de-
pression of in vitro IFN gamma and
IL-12 by PBMCs in TB patients is un-
clear. However, inhibitory cytokines
production may be etiologic factors.
Both IL-10 and TGF-B, which in-
crease in active TB, inhibited prolife-
ration and IFN production by CD4+ T
cells 1. Also, neutralization of IL-10 in-
creased the in vitro production of IL-
12 in TB patients about two folds 1°.
Other mechanisms may also contrib-
ute to cytokine depression. Nuclear
extracts of T cells frorn most TB pa-
tients showed markedly reduced ex-
pression of proteins that bind to proxi-
mal IFN gamma promotors compared
with healthy tuberculin reactors 29, In
addition, increased apoptosis of
PBMCs in tuberculous patients may
be also acting 21.

Unlike the in vitro cytokine produc-
tion, serum levels of both IFNy and
IL-12 in our study were significantly
higher in patients than contact tuber-

culin reactors and healthy non reactor
groups and contact tuberculin reac-
tors had a higher level than tuberculin
negative healthy subjects. These re-
sults are in agreement with previous
studies which detected increased ser-
um IFNy and IL-12 in active TB pa-
tients than controls 22 and increased
serum IFNy in tuberculous pleurisy
than other causes of effusion 23.

The increased serum levels of IFN
gamma and IL-12 in TB patients de-
spite the in vitro peripheral lympho-
cyte anergy could be explained by the
increased production of these cyto-
kines at the site disease 2. This expla-
nation is supported by finding of sig-
nificant increase in the percentage of
BAL cells expressing mRNA for IFN
gamma and IL-12 in active versus in-
active pulmonary TB subjects 5. 24,

In this study there was no signifi-
cant difference between pulmonary or
extra-pulmonary TB patients regard-
ing serum or in vitro cytokine levels.
Consistent with these findings Verbon
et al(1999)22 found that IFNy or IL-12
levels did not correlate with TB locali-
zation whether pulmonary or extra-
pulmonary.

Our study revealed a significant

MANSOURA MEDICAL JOURNAL
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positive correlation between the stud-
ied cytokines and tuberculin diame-
ter, a finding that go with other studies
as Fjallbrant et al (2001)2° who de-
tected greater lymphocyte transforma-
tion response and higher IFNy in tu-
berculin positive than negative
subjects. Also, Wilsher et al (1999)26
found that Mantoux size correlated
with lymphocyte proliferation and
IFNy production. Thus, tuberculin an-
ergy may reflect an inappropriate
immune response to MTB with high
percentage of IL-4, IL-10 positive lym-
phocytes and low IL-12 and IFNy pos-
itive lymphocytes suggesting a Th2
biased immune response 27,

The correlation of IFNy and IL-12
with tuberculin test size which is the
hallmark of delayed hypersensitivity
confirms the protective role of these
cytokines in immune defense against
MTB. This is supported by the finding
that interferon receptor deficiency
leads to a predisposition to mycobac-
terial infection and impairs the forma-
tion of mature granuloma 28. Also, IL-
12 receptor beta-1 chain deficiency
was found in three unrelated individu-
als with severe idiopathic mycobacte-
rial infection 29,

Conclusion : Serum interferon

Vol. 34, No.3 & 4 July., & Oct, 2003

gamma and IL-12 increased signifi-
cantly in tuberculous children correlat-
ing with tuberculin size denoting a
role in the immune response to TB.
The relatively depressed in vitro pro-
duction of these cytokines by patients’
PBMCs may be a possible factor in
disease severity.

Recommendations : Adjuvant
cytokine therapy especially with
IFNy and IL-12 in treatment of
resistant or advanced tuberculosis
is recommended in future resea-
rches.
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