THE EGYPTIAN JOURNAL OF IMMUNOLOGY Vol. 13 (1), 2006

Page: 53-65

A Study of The Role of IL-12 in Pulmonary
Tuberculosis Using the Whole Blood Flowcytometry
Technique

'Wafaa A. Zahran, 'Mabrouk M. Ghonaim, 'Bothina A. Koura, 'Hassan
El-Banna, 'Sahar M. Ali and ?Nabila El-Sheikh

'Microbiology & Immunology department, Faculty of Medicine, Menofiya University, and
*Microbiology department, Faculty of Medicine for Girls, Al-Azhar University, Egypt.

Pulmonary tuberculosis remains a major health problem. It is caused by Mycobacterium tuberculosis, which
elicits a T-cell dependent immune response, initiated by monocytes through a large number of cytokines of
which interleukin-12 is thought to play a critical role in initiation and regulation of T-helper (Th-1) like
responses. To better understand the role of IL-12 in pulmonary tuberculosis patients, intracellular IL-12 in
peripheral blood-derived monocytes was examined by flowcytometery. The percentage of monocytes
producing IL-12 was measured after invitro stimulation of heparinized whole blood with mycobacterial
protein antigens (culture filtrate). Of the 22 active tuberculosis patients, 17 were recent cases and 5 recurrent
cases. Healthy controls were 14 individuals with detectable reaction to purified protein derivative (PPD+) and
14 without detectable reaction to PPD. The role of different factors affecting disease outcome such as
treatment, age, gender, smoking, severity of disease and presence of other complications on the percentage
of monocytes producing IL-12 was studied. Recurrent TB patients had a higher number of monocytes
producing IL-12 in unstimulated cultures compared to other groups (P<0.001). However, after in vitro
stimulation there was a significant decrease in the number of monocytes producing IL-12 in recurrent TB
patients as compared to recently diagnosed TB patients and healthy PPD’ individuals (P<0.001).
Antituberculosis chemotherapy was the only factor that had significant effect on the percentage of
monocytes producing IL-12 (p< 0.05) while other studied factors did not show significant effect (p>0.05). It is
concluded that IL-12 plays a prominent regulatory role in tuberculosis.

nfection with Mycobacterium tuberculosis ~ a T-cell dependent involving activated T-cells

MTB remains a major health problem. It

is estimated that 2 billion people (nearly
one third of the world population) are infected
with MTB with 8 million new cases emerging
annually and increasing prevalence over the
next several decades (Hai et al., 2005) is
expected. Resurgence of MTB has intensified
researches efforts directed to study the host
defenses and pathogenic mechanisms related
to this infection (Flynn and Chan, 2001).
MTB is a unique pathogen as once infection
occurs the pathogen is not eradicated even in
the face of intact immune system which is
highly effective in containing the pathogen
but fails to eradicate it. Disease typically
develops through reactivation once the
immune system is weakened (Kufman et al.,
2002). The immune response against MTB is

and macrophages.

Several cytokines are involved and the
balance between Th; and Th;, cytokines likely
determines the fate of TB infections, either
progress, resolve or become latent.
Interleukin-12 plays a central role in
controlling MTB infection (Flynn and Chan,
2001), eliciting effective cellular immune
response directed towards elimination of that
intracellular pathogen (Hassoboa et al., 2003).
It is mainly produced by phagocytic cells, B-
cells and other antigen presenting cells in
response to diverse stimuli (Gately, 1992).
Actually MTB antigens are known to activate
Toll like receptors TLR (on macrophages)
stimulating IL-12 production (Brightbillet al.,
1999) Interleukin-12 drives the development
of Thl responses as it is a potent inducer of
IFN-y production by T-cells as well as NK
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cells thus enhancing cell mediated
cytotoxicity (Van Crevel, 2002; Hamad et al,,
2003).

Production of IL-12 is enhanced by IFN-y
and is suppressed mainly by IL-10, IL-4,
TGFB; and prostaglandin E. It is interesting to
know that IL-12 itself induces the production
of its inhibitor IL-10 in order to stop the
positive feed back between IL-12 and IFN-y
limiting the ongoing T-cell activation
(Daftarian et al., 1996). This cytokine is a 70
KDa heterodimeric protein composed of P 35
and P 40 disulphide bonded subunits, found as
70 p heterodiamer and free P 40 (Hassoba et
al., 2003). Studying the role of IL-12 in
pulmonary TB faces many difficulties as it
needs invasive procedures to  obtain
macrophages from the granulomas. Peripheral
blood monocyte PBMC (the source of lung
macrophages) stimulated with MTB antigens
to simulate those present in the granuloma (ex
vivo stimulation) without using invasive
technique could be used for this purpose
(Wang et al., 2001).

This work aimed to estimate the percentage
of monocytes expressing intracellular IL-12 in
response to MTB culture filtrate (CF) proteins
among recently diagnosed TB patients,
recurrent TB patients and age and sex
matched controls (tuberculin- positive and
tuberculin- negative subjects). We attempted
to study the correlation between the
percentage  of  monocytes  expressing
intracellular IL-12 and the different factors
affecting the disease outcome among the
active TB patients group using whole blood
flowcytometry.

Subjects and Methods
Subjects

The study was carried out on 22 pulmonary
tuberculosis patients recruited from Shebeen El-Kom
Chest Hospital in Menoufiya Governorate during the
period from January 2003 to January 2004. All patients
were diagnosed as active pulmonary TB based on
recent clinical symptoms, X-ray findings compatible
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with active TB, positive acid fast bacilli sputum smear
and positive culture on Lowenstein Jensen medium.

These patients were divided into 2 groups. The first
included 17 recently diagnosed patients with ages
ranged from 20 — 85 years with a mean of 45 + 17
years. They were 11 males and 6 females. The second
group consisted of five recurrent TB cases (4 males and
one female) with ages ranged between 20 and 52 years
and a mean of 42.8+ 13 years.

The study also included 28 age- matched apparently
healthy controls. Fourteen of them were purified
protein deiviative positive, PPD+ (showing no
symptoms or signs nor X-ray findings compatible with
active disease). They were 8 males and 6 females and
their ages ranged from 21 to 50 years (mean 33 + 8.7
years) and 14 purified protein deiviative negative ,
PPD- (4 males and 10 females their ages ranged from
19 to 41 years (30.6 £ 4).

All subjects were subjected to full history taking
(especially as regards immune suppression as diabetes
mellitus) and thorough physical examination.

Patients recently diagnosed as active pulmonary TB
were radiologically classified into 3 groups minimal,
moderate and severe according to X-ray findings
(Thomas et al., 2002).

Methods
Antigen preparation

M. tuberculosis HRV37 reference strain (ATCC#
25618) was used for CF preparation. It was kindly
provided by Dr. Robert Cooksey, Centre of Disease
Control (CDC), Atlanta, USA. Using sterile loop, five
to ten tuberculosis reference strain colonies were added
to 500 ml Middlebrook broth media (Difco). The
culture was kept at 37°C shaking incubator for 2
weeks. CF was centrifuged at 3500 rpm for 20 minutes
then filtered using 0.45 um filters. Cells remained after
centrifugation were cultured on blood agar to check for
contamination. The CF was also cultured on
Lowenstein and blood agar to check for contamination
with M. tuberculosis or other bacteria repectively. The
CF was finally aliquoted and stored at -70°C for later
use.

In vitro cell culture

Peripheral blood samples (5 ml) were collected on
sodium heparin. In vitro culture and intracellular
staining were carried out using the Fastimmune
cytokine detection kit (BD-PharMingen) following the
manufacturer s recommendations. Briefly, in 15-ml
polypropylene tube, 0.5 ml of heparinized whole blood
was stimulated with (20 ng) of CF and 5Sul of CD28
and CD49d costimulatory antibodies. Each sample was
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gently shaked by vortex and incubated for 2 hours at
37°C. A total of 10 pul of (1:10) diluted stock brefeldin
A (Sigma), a potent nontoxic inhibitor of protein
secretion was added 4 h prior to termination of the
culture. After a stimulation period of 6 hours, 50 pl of
EDTA solution was add to each sample in order to
arrest activation and to remove adherent cells. The
samples were then shaked vigorously by vortex and
incubated 15 minutes at room temperature. At this step
the stimulated cells can be stained directly.

Intracellular analysis of cytokine production

100 pl of activated blood was lysed with 1 ml of 1X
FACS Lysing solution (BD PharMingen), mixed
gently, and then incubated for 10 minutes at room
temperature. After a washing with 2 ml of wash buffer
(BD PharMingen), the cells were permeabilized with
0.5 ml of 1X FACS Permeabilizing solution (BD -
PharMingen) for 10 minutes at room temperature. Cells
were washed with 2 ml of wash buffer and then stained
with 20 pl of anti-IL-12 PE (BD - PharMingen)
monoclonal antibodies for 30 minutes in the dark. The
IL-12 staining was validated by the incubation of
parallel stimulated cells with irrelevant, isotype
matched monoclonal antibodies (BD - PharMingen).

After staining, the cells were washed with 2 ml of
wash buffer then fixed with 200 ul of 1%
paraformaldehyde in PBS and stored at 4°C in the dark
prior to flow cytometry analysis. Samples were
acquired on a FACSCalibur (BD Biosciences) and data
were analyzed using CellQuest software (BD
Biosciences). Data represents 20,000 events (figure 1).
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Statistical Analysis

Data were collected, tabulated and statisti.cally analysaeq

by IBM personal computer with SPS$\ version L
statistical package. Student’s t-test was used for
comparison between two groups, while ANOVA (F)
test was used for comparison between more than two
groups having quentitative variables. Correlation co-
efficient test was used to measure the association
between two quantitative variables. The level of
significance was ccmnsidered significant at 5% (Daniel,
1993).

Results

The percentage: of monocytes expressing
intracellular IL- 12 were determined for a total
of 22 active TB cases (17 recently diagnosed,
5 recurrent) ancl 28 healthy control subjects
(14 PPD+ and 14 PPD-). No significant
difference was fiound between the recently
diagnosed TB piatients and healthy PPD+
controls in the percentage of monocytes
expressing intrace:llular 1L-12 as shown in
table (la) and {igure 2, while a highly
significant differcrice was found between the
recently diagnosecl TB patients and healthy
PPD- controls iri both states before and after
stimulation (table 1.b, figure 3).

Table 1a. Percentage of IL-12 producing monocytes among recently diagnosed TI3 patients and healthy PPD+

controls.

The studied groups

Before stimulation After stimulation

The recently diagnosed TB patients group (n=17) 41.47 £18.05 68.11 £ 18.27
Healthy PPD+ control group (n=14) 37.36 £12.84 60.74 +17.80
*P value NS NS

*p< 0.05 is significant., NS= not significant.

Table 1b. Percentage of IL-12 producing monocytes among recently diagnosed TB patients and healthy PPD-

controls.

The studied groups

Before stimulation After stimulation

The recently diagnosed TB patients group (n=17) 41.47 £18.05 68.11 £ 18.27
Healthy PPD-  control group (n=14) 11.68 £3.25 33.46 + 16.83
*P value < 0.001 < 0.001

*p< 0.05 is significant

Among the active cases, the study revealed
that the percentage of monocytes expressing
intracellular IL-12 before stimulation was

significantly higher (P <2 0.01) in the group of
recurrent TB patients when compared with
those recently diagnosed. However, no
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significant  difference was found after
stimulaticn between both groups as shown in
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table (2).

Table 2. Percentage of producing monocytes among recently diagnosed TB patients and recurrent TB patients.

Before stimulation After stimulation

The studied groups

The recantly diagnosed TB patients group (n=17)
Recurrent TB patients group (n=5)

*P value

41.47 £18.05 68.11 £18.27
76.7 £16.43 58.91 + 26.87
< 0.001 NS

*p< 0.05 is significant., NS= not significant

The percentage of monocytes expressing
intracellular IL-12 was significantly higher
(p<0.001) in the healthy PPD+ controls

compared to the healthy PPD- controls in both
cases before and after stimulation (table 3).

Table 3. Comparison of the percentage of IL-12 producing monocytes between tuberculin positive and tuberculin

negative controls.

The studied group

Before stimulation

After stimulation

37.36 £ 12.84 60.74 +17.80
Healthy PPD+ control group (n=14)
(22.35 t0 62.75) (35.71 t0 89.63)
11.68 + 3.25 33.46 + 16.83
Healthy PPD- control group (n=14)
(5.17 t0 14.33) (14.04 to 59.12)
*P-value <0.001 <0.001

*p< 0.05 is significant.

The percentage of monocytes expressing
intracellular IL-12 significantly increased
after stimulation with CF than before
stimulation in each of the four studied groups
except in the recurrent TB patients group
which shows significant decrease after
stimulation compared with that before

stimulation. Table (4) also shows significant
differences in the percentages of monocytes
expressing IL-12 between all the studied
groups before stimulation with CF F=30,
P<0.001. After stimulation there was also
significant differences between all the studied
groups.

Table 4. Percentage of IL-12 producing monocytes among the four studied groups.

The studied . REcently Recurrent TB Healthy PPD+ Healthy PPD- N

parameter disgnns=d T8 patients (n=5) controls (n=14) controls (n=14) P value
patients (n=17)

Before stimulation 41.47 +18.05 76.7 £ 16.43 37.36 £ 12.84 11.68 £3.25 P<0.001

After stimulation 68.11 + 18.27 58.91 + 26.87 60.74 +17.80 33.46 +16.83 P<0.001

*P value <0.001 <0.05 <0.001 <0.001

*p< 0.05 is significant.

A significant correlation was found between
the percentage of monocytes expressing
intracellular  IL-12  before and after

stimulation in all studied groups except the
healthy PPD- control group table (5).
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Table 5. Correlation between percentage of IL-12 producing monocytes before and after stimulation among the four
studied groups:

Percentage of
monocytes expressing
interacellular 1L-12

Before stimulation

Recently infected TB Recurrent TB Healthy PPD+ Healthy PPD-

group (n=17) group (n=5) controls (n=14) controls (n=14)
r *P r P r P r *P
After stimulation +0.74 <0.001 +0.90 <0.05 +0.67 <0.01 +0.42 NS

*p< 0.05 is significant., NS= not significant

According to the severity of disease as
manifested by X-ray findings there was no
significant difference between patients with

advanced, moderate and minimal lesions in
both states before and after stimulation (table
6).

Table 6. Percentage of IL-12 producing monocytes among recently diagnosed TB patient group in relation to X-ray
findings.

The studied groups Advanced (n=5) Moderate (n=7) Minimal (n=5) *P-value
Before stimulation 49.36 £ 29.11 42.48 +13.19 36.99 + 18.94 NS
After stimulation 80.61 +£19.23 68.21 +18.73 62.74 £ 17.38 NS

*p< 0.05 is significant., NS= not significant

intracellular IL-12 after stimulation as shown
in Figure (4).

Before stimulation, there was no significant
difference in percentage of monocytes
expressing intracellular IL-12 before or after
treatment with anti tuberculosis
chemotherapy. However, there was significant
(P<0.05) effect for treatment on the
percentage  of  monocytes  expressing

There was no significant difference in the
percentage of monocytes expressing IL-12

according to age or gender of the patients
(table 7).

Table 7. Percentage of IL-12 producing monocytes in relation to age and gender in recently diagnosed TB patients.

The studied group Before stimulation After stimulation

Age:

20 y-40y (n=8) 38.36 £ 18.75 58.95 + 27.49
41 y-60 y (n=6) 28.69 + 14.05 43.22 £22.24
61y-85y (n=3) 21.37 +10.35 32.73 +14.83
P NS NS

Gender: male (n=11) 36.45 + 5.49 58.54 + 25.6
Female (n=6) 42.26 +22.62 59.54 +42.33
*P value NS NS

*p< 0.05 is significant., NS= not significant.



