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Pulmonary Tuberculosis: Evaluation of Interferon-y Levels as an
Immunological Healing Marker Based on the Response to the
Bacillus Calmette-Guerin
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Tuberculosis (TB) is a disease caused by Mycaobacterium tubercul osis whose interaction with the host may lead
to a cell-mediated protective immune response. The presence of interferon-y (IFN-) isrelated to this response. With
the purpose of understanding the immunological mechanisms involved in this protection, the lymphoproliferative
response, IFN-y and other cytokines like interleukin (IL-5, IL-10), and tumor necrosis factor alpha (TNF-a) were
evaluated before and after the use of anti-TB drugs on 30 patients with active TB disease, 24 healthy household
contacts of active TB patients, with positive purified protein derivative (PPD) skin tests (induration =10 mm), and
34 asymptomatic individual swith negative PPD skin test results (induration <5 mm). The positive lymphoproliferative
response among peripheral blood mononuclear cells of patients showed high levels of IFN-y;, TNF-a, and IL-10. No
significant levels of 1L-5 were detected. After treatment with rifampicina, isoniazida, and pirazinamida, only the
levels of IFN-yincreased significantly (p < 0.01). These results highlight the need for further evaluation of IFN-y
production as a healing prognostic of patients treated.
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Tuberculosis(TB), achronicinfective-contagiousdis-
ease, is caused by Mycobacterium tuberculosis and re-
mains an important public health problem whose mecha-
nismsrelated to a protective immunity in humans are not
clear. Theresurgence of TB has stimulated studiesfor the
development of vaccines, new diagnostic methods and
lesstoxic and more effective drugs for treatment (Laal et
al. 1997). Thecellular immunity playsanimportant rolein
TB healing (Ladel et al. 1997, Torreset al. 1998, Turner et
al. 2000, Chackerian et a. 2001). Resistanceto mycobacte-
rial infectionsisconferred by immunol ogical mechanisms
mediated by T CD4* lymphocytes, involving cytokines
that increase the microbicide activity of macrophages
(Dlugovitzky et al. 2000, Oberholzer et al. 2000, Flynn &
Chan 2001). Studiesin murine and human models allow
differentiating two subpopulations of T CD4" lympho-
cytestermed Thl and Th2, that mediate the protection or
the aggravation of thedisease (Ladel et al. 1997, Kori et a.
2000). Thisexisting dichotomy between the protective or
non-protective immune responses is likely to be corre-
lated with cytokine patterns produced by different sub-
populations of lymphocytesduring initial surviving stages
of the pathogens inside macrophages. Interferon-y (IFN-
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y) acts as a powerful macrophage activator, increasing
the molecul e expression of themain class|1 histocompat-
ibility complex and the potentialization of the cell re-
sponse, including the production of cytokines, nitric ox-
ide, and theincrease of the cytolitic activity, withamain
roleinthe Thltype (Flesh et a. 1995). Studiescarried out
by Cooper et al. (1993) and Flynn et al. (1993) demon-
strated that mice without the IFN-y gene were not ableto
fight off the infection caused by M. tuberculosis. In hu-
mans, individual swho presented genetic mutationsin the
receptors for IFN-y were observed to have had a high
susceptibility to acquire infections caused by atypical
mycobacteria (Jouanguy et al. 1996), suggesting an im-
portant role of IFN-y in the protective response against
TB.

Besides the importance of better understanding the
immunological mechanisms that may contribute to the
healing, it becomesessential to determine markersof heal-
ing lesions, oncethisiscurrently carried out based on the
clinical, radiological, and negative bacterioscopy.

Inthiswork, we proposed thein vitro evaluation of IFN-
y levels produced by peripheral blood mononuclear cells
(PBMC) after Bacillus Camette-Guerin (BCG) stimulation
of patients with active pulmonary TB before and after the
chemotherapeutic treatment and of those with non TB dis-
ease, reactiveto purified protein derivative (PPD), aiming to
relate these levels to healing prognostics of active TB pa
tients, and within this context, we al so proposed the evalua-
tion of someimmunological parameters, such asthecellular
immune response, using lymphoproliferative reaction and
the cytokine quantification.
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MATERIALSAND METHODS

Sudied group - A total of 58 people volunteered to
take part in the study which was developed from June,
2000 to September, 2001. Written consent was obtained
from the volunteers or from parents/guardians of those
under 18 years of age. Group 1 corresponded to 30 non-
treated patients, from Oswaldo Cruz Health Center in
Belo Horizonte, MG, Brazil and from SantaL uziaCity Labo-
ratory in Santal uzia, MG, Brazil. Both malesand females
aged between 16 and 48, negative to human immunodefi-
ciency virus (HIV), with active pulmonary TB that ful-
filled thefollowing criteriawereincluded: suggestivera-
diography images and positive sputum respiratory speci-
mens, using Ziehl-Neelsen method. All the patients had
active pulmonary disease, showing a characteristic pat-
tern: upper lobe infiltration with cavitation. They had
never received anti-TB drugs before. On the other hand,
pregnant women, individuals with debilitating diseases,
those that had been vaccinated with BCG recently, and
those who refused to sign the written consent, were ex-
cluded from the study. Twenty milliliters of heparinized
peripheral blood were collected from TB patients before
the use of anti-TB drugs. Group 2, comprised TB patients
treated during 6 months and who showed favorable clini-
cal response and became smear negative using three
bacilloscopies and with negative sputum culture. Group 3
included 24 healthy household contacts of active TB pa-
tients, with positive PPD skin tests (induration = 10 mm).
Asacontrol group (Group 4), 34 volunteersfrom Hospital
das Clinicas in Belo Horizonte were asymptomatic and
with negative PPD skin test results (induration < 5 mm)
and normal chest X ray.

Ethics - These procedures were in accordance with
theethical standards of the Faculdade de Medicina, UFMG
committee on human experimentation, protocol register
ETIC 009/98, approved in 03/11/1998 and with the Helsinki
Declaration of 1975, asrevisedin 1983.

PPD skintest - Skin reactions of morethan 10 mm in
volunteers after an intradermal test with 5 U of PPD
(Laboratorio de ExtratosAlergénicosLtda, Rio de Janeiro,
RJ) were considered to be positive, and reactions of less
than 5 mm were considered to be negative. Skin test re-
sponse was measured with the ball point technique 48-72
h after PPD injection, reported asmillimeters of induration
and performed always by the same nurse.

Antigens - BCG: Fundagdo Ataulpho de Paiva, Lot
9910178; purified protein derivative PPD: Laboratorio de
Extratos Alergénicos Ltda, Rio de Janeiro, RJ, gently
granted by Secretaria Municipal de Salde of Belo
Horizonte. BCG was used as antigen for all the tests car-
ried out inthiswork.

Lymphoproliferative response - Thelymphoprolifera-
tive assay was carried out with PBM C collected from pa-
tients before and after the chemotherapeutic treatment in
accordance with the methodol ogy described by Torres et
a. (1998). Briefly, PBMC were separated in histopague
gradient (Sigma Chemical Co, US) in theratio 1:3 (his-
topaque-blood) in polystyrene, conic bottom, steriletubes
(Falcon, Corning, US). After centrifugation at 400 g dur-
ing 45 min at 18°C, the mononuclear cellsring which was

formed in the histopaque-plasmainterface was withdrawn.
The resuspended cells were washed three times with
RPMI-1640 medium, following centrifugation at 200 g, for
10 minat 4°C. The cell concentration was adjusted to 1.5 x
108 cells/ml in RPM 1 -1640 medium supplemented with 5%
of human serum (AB, Rh negative), 2 Mercaptoethanol,
HEPESand 10 Ul of penicillin-streptomycin/ml. Two hun-
dred microliters of the suspension of mononuclear cells
were added to each well of polystyrene (96 well plates)
(Costar, US). Cultureswere carried out in triplicate, sensi-
tized with 10 ul of BCG (1 mg/ml), 10 ul of PPD (174 pg/ml)
and with PHA (phytohemagglutinin, SigmaChemical Co.,
US), in aconcentration of 0.5 pug/well incubated at 37°C
with 95% humidity containing 5% of CO,. Onthe Sthday,
25 pl of RPMI-1640 medium containing thymidine (spe-
cificactivity of 5.3 Ci/mM, Sigma) was added to each well.
After 16-18 h, cellswereisolated with the help of an auto-
matic cell harvester (Titertek Cell Harvester, Flow Labora
tories, US). The radioactivity was determined in counts
per minute (cpm), using beta scintillation spectrometer
(model 1209, Rackbeta, LKB). Theintensity of the prolif-
erative response of the peripheral blood lymphocyteswas
determined by cal culating the stimulation index (SI) ob-
tained by dividing the average cpm of the threewells stimu-
lated with antigen or mitogen by the average cpm of three
non-stimulated wells. As representative values of posi-
tivelymphoproliferative response, it was considered only
thosewhich Sl were< 3 (Kori et al. 2000).

Evaluation IFN-y, interleukin-5 (IL-5), IL-10, and
tumor necrosis factor alpha (TNF-a) levels - Superna-
tantswere collected 72 h after antigenic stimulus, accord-
ing to astandardization carried out in preliminary studies.
Concentrationsof IFN-y, IL-5, IL-10, and TNF-a were de-
termined by theimmunoenzymatic method of ELISA (en-
zyme-linked immunosorbent assay), making use of com-
mercia kits (Quantikine Human Immunoassay, R& D, US).
The cut-off valuesfor each of the cytokineswere taken as
the arithmetic mean of the absorbances of the 20 negative
control samples (obtained from healthy individuals), plus
two standard deviation: IFN-y =82 pg/ml; IL-5=8 pg/ml;
IL-10=29 pg/ml, and TNF-a =42 pg/ml.

Satistical analysis- Theanayzed variableswere com-
pared using non-parametric methods of Kruskall-Wallis
and Mann-Whitney. A level of significance of 95% was
used for all the tests. All laboratorial tests in this study
were conducted in ablind way, without the previous knowl-
edge of which group belonged to each clinical sample.

RESULTS

Lymphoproliferative response - Eleven out of 13 pa-
tients evaluated presented S| > 3.0. The arithmetic aver-
ages * standard deviations (SD) of S| obtained before
and after treatment were17.7 + 26.3and 11.8 + 15.2, re-
spectively. Groups 3 and 4 presented average = SD of 1.6
+0.9and 1.2+ 0.5, respectively. Therewasno statistically
significant difference between the lymphoproliferative
response before and after the chemotherapeutic treatment
(p > 0.05), thus not serving as agood immunological pa-
rameter that could be correlated to the patients’ healing
lesions. The response to PHA was assessed and shown
to be higher than 3.0in al groups.
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Dosage of IFN-y and other cytokines - The produc-
tion of IFN-y was already high before the treatment and
increased significantly (p < 0.01) after it (Figure). The
levels of TNF-a and IL-10 were equally high before and
after thetreatment. Average levelsof IL-5 obtained before
the treatment were low and increased after the treatment,
however, therewas no significant difference between them,
not distinguishing immunol ogically between the stage of
active disease and the convalescence. Individuals reac-
tive to PPD and the control group (non-reactive) did not
present consistent levelsof IFN-y, TNF-a, IL-10, and IL-
5(Table).
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Interferon-y concentration in culture supernatant of mononuclear
cells obtained from the peripheral blood of patients with active
pulmonary tuberculosis, individuals reactive to purified protein de-
rivative (PPD +) and control group (negative PPD), and stimulated
with Bacillus Calmette-Guerin for 72 h. The horizontal bar repre-
sents the arithmetic average in each group. BT: before treatment;
AT: after treatment.

DISCUSSION

In this study, the immune response to PBMC of pa-
tientswith pulmonary TB facing BCG and PPD antigens
was evaluated with the purpose of characterizing the im-
munological profile of these patients before and after the
chemotherapic treatment. A better cellular response was
observed when BCG was used as antigen, therefore this
was the antigen chosen for al thetests carried out in this
work. Thedifferenceregarding thereactivity obtained with
the stimulation of the cells by these antigens could be
related to the stimulation of different populations of T
cells. Thus, itisknown that PPD stimulates T CD4* lym-
phocyteswhile BCG stimulatesboth CD4* and CD8* cdlls,
invitro (Turner & Dockrell 1996).

According to a current dogma, a vigorous Thl re-
sponse is mandatory for effective protection against My-
cobacterium. Thisresponse is mediated by |FN-y secret-
ing CD,* T cells, which are presented with processed
Mycobacteriumantigens by dendritic cellsand macroph-
ages, which also secrete IL-12, thus inducing a Thl re-
sponse (Orme 1997).

In this study, the average level of IFN-y obtained in
the supernatants of PBMC culture of the patients with
pulmonary TB was high before the treatment and in-
creased significantly after it. Several authors have shown
that the pleural fluid of TB patients contain ahigh number
of IFN-y producer cells (Barnes et al. 1993, Robinson et
a. 1994, Raju et al. 2001), and they suggest that these
cellsmay migrateto thelung and pleural tissue during the
active disease, and therefore they may be reduced, tem-
porarily, in the peripheral blood. Thisfact might explain
the lower levels of IFN-yfound beforethe use of anti-TB
drugsin this study. However, in order to confirm this hy-
pothesis, more invasive techniques may be used to col-
lect pulmonary cellsininfected individuals, if necessary.
Theincreasein the productive capacity of |FN-y after the
anti-TB treatment was al so demonstrated in other studies
carried out in patientswith TB (Torreset al. 1998, Turner
et a. 2000). Nevertheless, to date, it is still unclear if the
increase in the production of IFN-y after treatment is re-
lated to cell stimulation by antigens released after the
death of mycobacteria caused by chemotherapy, by re-
verting the antigenic status or by the reduction of the
transit of T lymphocytes antigen specific to the lungs.
Some authors have shown that there is a relationship
between the production of some cytokines by PBMC
and the severity of the disease (Wilsher et al. 1999).
Dlugovitzky et al. (2000) observed that patients with the
diseasein amoderate stage presented significantly higher
levels of IFN-y compared to the levels presented by pa-
tientswith the disease in an advanced stage. Theincrease
in the levels of IFN-y obtained after the treatment, in the
present study, could berelated to the use of anti-TB treat-
ment, currently recommended by the Brazilian Health Min-
istry (Ministério da Satide 1995) and that voidsthe Myco-
bacterium after healing, which suggests an important role
of the IFN-y in the immunological response against M.
tuberculosis. In the present study after healing only one
of the 20 patients evaluated did not increase the level of
IFN-y. All other patients presented values of IFN-y above
the pre-established cut-off value (82 pg/ml). Figureshows

TABLE

Cytokines levels obtained in pulmonary tuberculosis patients in response to Bacillus Cal mette-Guerin before and after
chemotherapy. Data represent the average of cytokine concentration (+ standard deviation). P value refer to the comparison
between before and after treatment

Cytokines Symptomatic patients Asymptomatic subjects

evaluated Before treatment After treatment PPD (+) PPD (-) p value
TNF- a (pg/ml) 1127.8 £ 446.9 1174 + 394 42+ 85 12.3+21.3 0.99
IL-10 (pg/ml) 381.5+130.3 339.7+ 127.3 142+41 0 0.19
IL-5 (pg/ml) 41+92 12.2+20.2 74412 7.8+26 0.25
INF-y (pg/ml) 1048 + 824.8 2233+ 901.3 98.99 + 159.6 5252 £ 117 0.004

TNF: tumor necrosisfactor; IL: interleukin; INF: interferon
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that the IFN-y levels are significantly reduced (p < 0.05)
among individuals (PPD +) when compared to the group
of patients with active disease. Apparently, our results
arein contrast to other publications (Sanchez et a. 1994,
Inokuchi et al. 2003) considering the |FN-y productionin
the PPD + group (household contacts). It could reflect
the divergent patterns of immune reactivity against dif-
ferent mycobacterial antigens. Most of the studies use
PPD as antigen to determine the profile of immune re-
sponsiveness that distinguishes patients with TB from
healthy tuberculin-positive controls. In our study, we have
employed BCG antigens in culture systems, because it
seemsto be more effectivein eliciting a specific pattern of
immune responsiveness to tuberculin-positive healthy in-
dividuals. In spite of this, IFN-y may be useful asan im-
portant immunological marker in TB healing.

TNF-a is involved both in the disease’s physiopa-
thology and in the protective response against M. tuber-
culosis and other mycobacterial infections (Flynn et al.
1995). Itsroleiscomplex and it is accepted that it actsin
the synergism with |FN-yinducing the formation of inter-
mediate reactive to nitrogen and oxygen, mediating the
anti-TB activity of macrophages (Mohan et al. 2001,
Warwick-Davies et a. 2001). But it has also been men-
tioned that TNF-a may be involved in the destruction of
the pulmonary tissue (Flynn et al. 2001). In the present
study, PBM Cs of patientswith active pulmonary TB were
observed to produce TNF-a in high levels, however, no
statistically significant difference was observed inthelev-
els of this cytokine after the treatment (p = 0.842), rein-
forcing its role both in the disease physiopathology and
in the protectiveimmunity.

IL-10 cytokine has been considered as an anti-inflam-
matory cytokine, acting in the inactivation of macroph-
ages through inhibiting the production of IL-12 and con-
sequently reducing the production of IFN-y by T lym-
phocytes (Flynnet a. 2001). ThelL-10 activity minimizes
the tissular impairment occurred in the disease’s site
through inhibiting the production of proinflammatory
cytokines (Bogdan et al. 1991, D’ Andreaet al. 1993). In
this study, PBM Cs of patients with active pulmonary TB
were observed to produce high levelsof IL-10. Thekinet-
icsof the production of 1L-10 did not seem to be influ-
enced by thetreatment. Constant levelsof IL-10 and TNF-
o obtained, suggested that the patient in order to com-
pensate the tissular impairment caused by TNF-a might
produce IL-10 cytokine. Olobo et al. (2001) showed that
pleural fluid from patients contained elevated plasmalev-
elsof TNF-a, IL-10, and TGF-[3, but thelevel of IL-10was
the highest followed by TGF-3 and TNF-a. Probably, the
effects induced by IFN-y and TNF-a represent bacteri-
ostasisrather than bacterial killing. It could raise the pos-
sibility that therole of 1L-10 would beto inhibit the bacte-
rial killing by macrophages, but not to inhibit macroph-
age-mediated bacteriostasis. In the present study, mac-
rophage and anti-mycobacteria activity could be princi-
pally expressed as abacteriostatic action where the effect
of IL-10 on killing might not be observed. Thus, the co-
existence of IFN-y, IL-10, and TNF-a could be possible.

IL-5 cytokineisproduced by Th2 lymphocytesand as
IL-4, it acts in the differentiation of B lymphocytes in

plasmocytes, stimulating the production of immunoglo-
bulins. In this study, although the average concentration
of IL-5 was low in all the groups analyzed, it was ob-
served that therewasadlight increasein the average level
of this cytokine after the treatment, though it was not
statistically significant. Other authors, in similar studies,
also obtained low levelsof IL-5and IL-4 in patientswith
tuberculosis(Linet al. 1996, Torreset al. 1998, Wilsher et
a. 1999).

Some authors have reported a reduction in the
lymphoproliferative response of PBMC of tuberculous
patientsfacing PPD antigenic stimuli (Sanchez et al. 1994,
Torres et a. 1998). In this study, no reduction was ob-
served in this lymphoproliferative response once most
patients presented positive stimulation indexes (Sl = 3),
showing that BCG antigens were able to induce signifi-
cant levelsof cellular proliferation (p < 0.05), beforeand
after treatment. These antigens have also stimulated dif-
ferent clones of lymphocytes, independently of the T cell
subset, because we have detected in PBMC culture su-
pernatant, high levels of cytokines such asIFN-yand IL-
10 belonging to Thl and Th2 subsets.

Other studies have also shown a heterogeneous pat-
tern of both Th1 and Th2 cytokine production by human
T lymphocytes upon encounter with mycobacterial anti-
gens (Haanen et al. 1991, Barneset al. 1993, Ormeet al.
1993). Further studies, investigating which kind of cells
these clones are, must be done in order to clarify these
results.

Asmentioned above, this study has not demonstrated
aclear dichotomy between the Thl (protectiveimmunity)
and Th2 response (susceptibility to the disease), sug-
gesting that both Thl and Th2, are important for the im-
mune response of the host against M. tuberculosis. Within
this context, it becomes interesting to evaluate the rela-
tionship of IFN-g production as a healing prognostic for
patients treated with the association of rifampicin, iso-
niazid and pyrazinamide, according to the recommenda-
tionsof the Brazilian Health Ministry (Ministério da Salide
1995).
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