
Immunohistochemical analysis of cytokines and apoptosis
in tuberculous lymphadenitis

Introduction

Primarily considered a pulmonary disease, tuberculosis

(TB) has the potential to affect almost any organ system,

with lymph nodes being the most common form of extra-

pulmonary TB.1 Human immunodeficiency virus (HIV)

infection and other immune-compromising condi-

tions have resulted in an increase in the incidence of
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Summary

Relatively little is known about the effector mechanisms whereby the

human immune system controls Mycobacterium tuberculosis infection. In

this study we elaborate on the immune response and mechanisms of per-

sistence of mycobacteria in lesions by analysing, using immunohistochem-

istry, the expression of cytokines [tumour necrosis factor-a (TNF-a),
interleukin-10 (IL-10), transforming growth factor-b (TGF-b) and inter-

feron-c (IFN-c)], apoptotic cells and apoptosis-related proteins [Bcl2,

Bax, Fas ligand (FasL) and Fas] in the human tuberculous lymphadenitis

lesions. The expression of apoptosis-related proteins has been shown to

be exploited by mycobacteria to evade the immune response and persist

in the host. Foreign body (FB) granulomas were used as controls. In

tuberculosis (TB) granulomas, epithelioid cells and multinucleated giant

cells expressed cytokines differently. In epithelioid cells, the numbers of

TNF-a-, IL-10- and TGF-b-stained cells were higher than IFN-c-stained
cells (P < 0�01). TGF-b and FasL were strongly expressed in the necrotic

centres as compared with other cytokines. More giant cells expressed

IL-10 and TGF-b than expressed TNF-a and IFN-c (P < 0�01). Staining of

consecutive sections revealed that some giant cells expressed IL-10 but

not TNF-a. Apoptotic TB giant cells correlated positively with the expres-

sion of TNF-a, IFN-c and TGF-b, but not with the expression of IL-10.

The percentage of giant cells expressing Bax was lower than those expres-

sing Fas, unlike the epithelioid cells, suggesting that TB giant cells are less

susceptible to apoptosis. Compared with FB giant cells, there were fewer

TB giant cells showing TNF-a, IFN-c, FasL, Fas expression or undergoing

apoptosis (P < 0�05). Taken together, these observations show that the

cellular microenvironment of TB granulomas down-regulates microbicidal

functions, favouring bacillary survival and persistence. TGF-b and FasL

may be responsible for tissue destruction. The giant cells, being less sus-

ceptible to apoptosis, may remain a continuous source of pro-inflamma-

tory cytokines, causing immune pathology.

Keywords: apoptosis; cytokines; granulomas; lymphadenitis; tuberculosis
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tuberculous lymphadenitis.2–4 The mechanisms by which

mycobacteria persist in the lesions and lead to chronicity

of disease are not well known. Following processing and

presentation of bacillary proteins by infected macro-

phages, the immune system reacts with a cell-mediated

immune response.5,6 Subsequently, epithelioid cell gra-

nulomas are generated. The formation of the granuloma-

tous immune response is considered to be a correlate of

protective immunity to TB. Most TB patients, in parallel

with the induction of a cell-mediated immune response,

develop an inappropriate necrotising pattern of response

to Mycobacterium tuberculosis, which is not a correlate of

optimal protective immunity.7 There is a need to under-

stand the differences between protective immunity and

the necrotising response, and the factors that determine

which response pattern is present, in order to develop

better prophylactic and therapeutic vaccines.

Studies have shown that tumour necrosis factor-a (TNF-

a), together with interferon-c (IFN-c), enhances the bacte-
ricidal activity of monocytes and macrophages.8 Both of

these cytokines are also responsible for granuloma forma-

tion.9,10 Interleukin-10 (IL-10) and transforming growth

factor-b (TGF-b), released from the regulatory T cell, have

been shown to suppress inflammation in models of allergy,

inflammatory bowel disease and autoimmunity.11 These

regulatory T cells have received little attention in the con-

text of TB. IL-10 and TNF-a are shown to play opposing

roles during mycobacterial infections.12 TNF-a has been

shown to be associated with the activation of macropha-

ges.13,14 Conversely, IL-10 inhibits macrophage functions,15

resulting in the enhanced intracellular growth of bacteria.16

IL-10 has also been shown to cause inactivation of TNF-a
by inducing the release of soluble TNF receptor.17 TGF-b
suppress the anti-mycobacterial immune responses of

humans and experimental animals. It plays an important

role in down-regulating the production of TNF-a18 and

also causes deactivation of macrophages.19–21 These obser-

vations suggest that the inappropriate secretion of IL-10

and TGF-b seems to be a possible mechanism of failure of

the immune response in TB.

The apoptosis-regulating proteins, Fas, Fas ligand

(FasL), Bcl-2 (anti-apoptotic protein) and Bax (pro-apop-

totic protein), play an important role in the regulation of

apoptosis and the immune response.22,23 The expression

of these proteins is exploited by mycobacteria to evade

the immune response and persist in the host, as shown

by studies carried out on the murine models of TB24–26

and in in vitro studies.27 Mycobacterial-infected cells, by

virtue of increased Bcl-2 and reduced Bax expression, can

evade activation-induced apoptotic cell death. Further-

more, these infected cells can induce apoptosis in any

approaching immunocyte by virtue of increased expres-

sion of FasL and reduced expression of Fas.24–26 This

makes these infected cells an immune sanctuary for

mycobacteria. Cytokines involved in the host immune

response are shown to influence the process of apoptosis.

In different experimental systems it has been shown that

TNF-a and IL-10 have opposite roles in the induction of

apoptosis.28 TNF-a induces apoptosis,29–33 as signals

transduced through TNFR1 (p55) can induce activation

of various proteases,29 including activation of a family of

caspases that are recognized mediators of apoptosis.30 On

the other hand, IL-10 expression has been shown to be

associated with increased cell survival by inhibition of

apoptosis.34,35 IFN-c and TGF-b are also involved in the

induction of apoptosis.28 In human alveolar macrophages,

IL-10 is shown to reduce IFN-c-induced apoptosis.28

Based on this background, we elaborate on the immune

response and mechanisms of persistence of mycobacteria

in the lesions by analysing the expression of apoptotic

cells and apoptosis-related proteins (Bcl2, Bax, FasL, Fas)

and cytokines (such as TNF-a, IL-10, TGF-b and IFN-c)
involved in the regulation of apoptosis and the immune

response in the tuberculous lymphadenitis lesions. For-

eign body (FB) granulomas were used as controls.

Materials and methods

The study was performed on 48 cases of TB lymph node

biopsies. Diagnosis of TB lymphadenitis was based on

the clinical criteria and presence of histological features

characteristic of TB granulomas. Seventeen cases were

obtained from the archives of the Department of Pathol-

ogy, Haukeland University Hospital, Norway. Thirty-one

cases were from patients diagnosed with mycobacterial

lymphadenitis in an epidemiological study from rural

Tanzania.36,37 The findings from these two groups are

pooled together in the Results. The majority of patients

presented with swelling in the neck; other symptoms,

such as fever, pain and weight loss, were infrequent. The

lymph nodes were from the cervical region in 82% of

cases and the rest were from axillary, inguinal and mesen-

teric regions. Among the TB patients, 46% were children

(2–14 years) and 54% were adults (18–86 years). Sixty-

one per cent were male and 39% were female. For some

Tanzanian cases, the mycobacterial culture, HIV and bac-

ille Calmette–Guérin (BCG) vaccination status results

were available. Among the 17 cases where culture results

were available, only one was positive for M. tuberculosis.

HIV results based on serology were available for seven

cases, and one case was positive. Information on BCG

vaccination status was available for 13 patients and,

among these, 11 were BCG vaccinated. Verbal consent

was given by the participants of the study. Ethical clear-

ance was obtained from the Medical Research Co-ordi-

nating committee in Tanzania and from the ethical

committee in Norway.

Six cases of skin biopsies with FB granulomas obtained

from the archives of Haukeland University Hospital were

used as controls.
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Histological examination and immunohistochemistry

Parallel, 5-lm-thick sections were prepared from each

specimen. Two sections were stained, one with haematox-

ylin and eosin and the other with the Ziehl–Nielsen stain

for acid-fast bacilli. Immunostaining was carried out

using the kit from DakoCytomation (EnVision + System-

HRP; DakoCytomation, Denmark A/S, Glostrup, Denmark).

Briefly, after deparaffinization and rehydration, the sec-

tions were exposed to microwave antigen retrieval using

citrate buffer, pH 6�0, at 750 W for 10 min, and at

350 W for 15 min. The sections were cooled for 20 min

at room temperature and then incubated with hydrogen

peroxide for 5 min. Primary antibodies (Table 1) were

then applied to the sections for 45 min followed by incu-

bation for 40 min with anti-rabbit or anti-mouse dextran

polymer conjugated to horseradish peroxidase. Visualiza-

tion was with 3-amino-9-ethylcarbazol (AEC) containing

H2O2 (for cytokines and caspase 3), or diaminobenzidine

(DAB) (for apoptosis-related proteins) substrate applied

for 10 min. Sections were counterstained with haematoxy-

lin. In negative controls, primary antibody was substi-

tuted with antibody diluent only.

Evaluation of immunostaining and statistical analysis

For each section, stained cells in the granulomas, ran-

domly chosen in two fields, were counted using a ·40
ocular fitted with a 10 · 10-mm grid. Counting was car-

ried out separately for the giant cells and epithelioid cells.

The results were presented as average number of stained

epithelioid cells and percentage of the giant cells in two

fields per section. Apoptotic cells were also presented as

percentages. Statistical analysis was carried out using SPSS

12�0 for Windows. Non-parametric tests were used for

two-group comparisons. The Wilcoxon signed-ranked test

was used for matched analysis, and the Mann–Whitney

test was used for comparison of two independent groups.

The Pearson Correlation test was used to determine the

relationship between two variables. A P-value of <0�05
was taken as significant.

Results

Histopathology

Both necrotic and non-necrotic granulomas characteristics

of TB were observed in the patients. Seventy-five per cent

of the patients were found to have necrotic granulomas,

whereas 25% of patients had both necrotic and non-

necrotic granulomas. Only one patient was positive for

acid-fast bacilli, as determined by Ziehl–Nielsen staining.

Mycobacterial antigens were not detected, in any patient,

by immunohistochemical staining with anti-BCG immuno-

globulin.

IL-10, TNF-a, TGF-b and IFN-c: TB granulomas

Figure 1(a) shows the percentage of stained epithelioid

cells in the granulomas. There was no significant differ-

ence in the expression of TNF-a and IL-10. The percent-

age of cells staining positive for these two cytokines was

higher than those staining for TGF-b (P ¼ 0�000, 0�002,
respectively, for TNF-a and IL-10) or IFN-c (P ¼ 0�000).
The number of TGF-b-stained cells was higher than IFN-

c-stained cells (P ¼ 0�004), but the intensity of staining

for IFN-c in individual cells was stronger than for TGF-b
(Fig. 2). There was no significant difference in the expres-

sion of these cytokines between necrotic and non-necrotic

granulomas.

Table 1. Antibodies used in the immunohisto-

chemical staining.Antibodies Specificity Source

Mouse monoclonal IgG1 Human IL-10 ImmunoTools, Germany

Mouse monoclonal IgG2a Human IFN-c ImmunoTools, Germany

Mouse monoclonal IgG1 Human TNF-a ImmunoTools, Germany

Mouse monoclonal IgG1 Human Bcl-2 Santa Cruz Biotechnology,

SDS Biosciences, Sweden

Mouse monoclonal IgG2b Human Baxa and Baxb Santa Cruz Biotechnology,

SDS Biosciences, Sweden

Mouse monoclonal IgG1 Human Fas Santa Cruz Biotechnology,

SDS Biosciences, Sweden

Mouse monoclonal IgG1, 5G51 Human FasL Alexis Biochemicals, USA

Rabbit polyclonal Human Caspase 3 R & D Systems, UK

Rabbit polyclonal Human TGF-b1, TGF-b2 Santa Cruz Biotechnology,

SDS Biosciences, Sweden

Rabbit polyclonal Multiple antigens of M. bovis

BCG Copenhagen strain

Dako A/S, Denmark

BCG, bacille Calmette–Guérin; IFN-c, interferon-c; IgG, immunoglobulin G; IL-10, interleukin-

10; FasL, Fas ligand; TGF-b, transforming growth factor-b; TNF-a, tumour necrosis factor-a.
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The expression of cytokines in the giant cells was assessed

separately, as shown in Fig. 1(b). Unlike the epithelioid

cells in the granulomas, more giant cells expressed IL-10

than expressed TNF-a (P ¼ 0�000). Some giant cells

expressed IL-10 but not TNF-a, as shown in the consecu-

tive sections in Fig. 2. The percentage of IL-10-positive

giant cells was also higher than the percentage of TGF-b-
(P ¼ 0�01) or IFN-c- (P ¼ 0�001) positive giant cells. A

significantly higher percentage of giant cells expressing

TGF-b was observed than of giant cells expressing TNF-a
(P ¼ 0�01) or IFN-c (P ¼ 0�001). Fewer giant cells were

observed to express IFN-c than TNF-a (P ¼ 0�04). The
intensity of staining for IFN-c in the giant cells was weak

(Fig. 2). In summary, more giant cells expressed IL-10 and

TGF-b than expressed TNF-a and IFN-c.
TGF-b was strongly expressed in the necrotic centres as

compared with IL-10 and TNF-a, while IFN-c was not

detected in the necrotic centres (Fig. 2). In early necrosis,

where cells undergoing necrosis could be seen, the expres-

sion of TGF-b was strong. In late necrosis there was a

more homogenous and stronger distribution of TGF-b
in the necrotic centres, whereas TNF-a and IL-10

showed a patchy distribution. The epithelioid cells in the
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Figure 1. In situ distribution of interleukin-10 (IL-10), tumour nec-

rosis factor-a (TNF-a), transforming growth factor-b (TGF-b) and

interferon-c (IFN-c) in the tuberculosis (TB) (a,b) and foreign body

(FB) (c,d) granulomas analysed by using immunohistochemical

staining. The median, 25th and 75th percentiles, and minimum and

maximum values are shown. The marks d indicate the extreme val-

ues. The Wilcoxon signed-rank test was used for matched analysis

and the Mann–Whitney test for two independent group compari-

sons. Statistical significance with a P-value of <0�05 is marked with

an asterisk. (a) Number of stained cells per high power field (HPF)

in the epithelioid cells within TB granulomas. There was no signifi-

cant difference in the expression of TNF-a and IL-10. More cells

stained positive for these two cytokines than for TGF-b; however,
more cells stained positive for TGF-b than for IFN-c. (b) Percentage
of stained cells in multinucleated giant cells in TB granulomas.

A higher percentage of giant cells expressed IL-10 than expressed

TNF-a, TGF-b or IFN-c. A significantly higher percentage of giant

cells expressed TGF-b than TNF-a or IFN-c. A significantly lower

percentage of giant cells expressed IFN-c than TNF-a. (c) Number

of stained cells per HPF in the epithelioid cells of FB granulomas. A

higher percentage of cells expressed TGF-b than IFN-c. (d) Percent-

age of stained cells in multinucleated giant cells in FB granulomas.

The expression of cytokines was not significantly different. TB giant

cells have significantly lower percentages of TNF-a and IFN-c as

compared with FB giant cells.

TGF-β

NC
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Figure 2. Lymph node tissue showing the staining pattern of tumour

necrosis factor-a (TNF-a)-, interleukin-10 (IL-10)-, transforming

growth factor-b (TGF-b)- and interferon-c (IFN-c)-positive cells in

the tuberculosis granulomas, as detected by immunohistochemical

staining with 3-amino-9-ethylcarbazol (AEC). Panels (a) and (d)

show the low-power image, and the marked areas are shown with

high power view in panels (b) and (e), respectively. All cytokines

studied were expressed by the epithelioid cells. Some giant cells

expressed IL-10, but not TNF-a, as seen in the consecutive sections

(b and c) stained with IL-10 and TNF-a (arrows). IFN-c (f) was

expressed weakly (see inset) or was absent in the giant cells, as

shown. TGF-b was strongly expressed in the necrotic centres (NC)

as compared to IL-10 and TNF-a. IFN-c was not detected in the

necrotic centres. During early necrosis, where cells undergoing nec-

rosis could be seen, the expression of TGF-b was strong, as seen in

the periphery of the necrotic centres. In late necrosis there was more

homogenous distribution, as seen in the centre of the necrotic areas.

TNF-a and IL-10 showed a patchy distribution in the necrotic

centres.
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granulomas expressed TGF-b at a lower intensity than the

necrotic centres.

We also investigated the relationship between the

cytokines. IL-10 correlated positively with TNF-a (r ¼
0�3, P ¼ 0�04) in the epithelioid cells, but not in the giant

cells. In both epithelioid cells and giant cells, TGF-b cor-

related positively with TNF-a (epithelioid cells: r ¼ 0�7,
P ¼ 0�000; giant cells: r ¼ 0�4, P ¼ 0�01) and IFN-c (epi-

thelioid cells: r ¼ 0�3, P ¼ 0�007; giant cells: r ¼ 0�6,
P ¼ 0�001). TNF-a also correlated positively with IFN-c
(epithelioid cells: r ¼ 0�3, P ¼ 0�03; giant cells: r ¼ 0�7,
P ¼ 0�000).

Comparison between TB and FB granulomas

Figure 1(c,d) shows the distribution of IL-10, TNF-a,
TGF-b and IFN-c in the FB granulomas. There was no

significant difference in the number of cells expressing

these cytokines, except that more epithelioid cells

expressed TGF-b than expressed IFN-c. No significant

correlation was found between the cytokines in the epi-

thelioid cells. The giant cells expressing TGF-b correlated

positively with IFN-c-expressing cells.

There was no difference in cytokine distribution

between the TB and FB epithelioid cells. However, TB

giant cells had significantly lower percentages of TNF-a-
and IFN-c-positive cells compared with FB giant cells.

FasL, Fas, Bcl-2, Bax and apoptosis: TB granulomas

Figure 3(a) shows the number of epithelioid cells that

were positive for Fas, FasL, Bax and Bcl-2, and the per-

centage of apoptotic cells detected by caspase 3. A higher

proportion of cells expressed Bax than expressed either

Fas (P ¼ 0�01) or FasL (P ¼ 0�006). Cells expressing

Bcl-2 were either scarce or undetectable in the granulo-

mas. However, the surrounding lymphoid tissue expressed

Bcl-2 (Fig. 4). There was a significant, positive correlation

between FasL- and Fas-expressing cells (r ¼ 0�4, P ¼
0�008). Unlike the epithelioid cells, the percentage of giant

cells expressing Bax was lower than those expressing Fas

(P ¼ 0�05), as shown in Fig. 3(b), indicating a reduced

susceptibility of giant cells to apoptosis. Giant cells

expressing Bax correlated positively with giant cells

expressing Fas (r ¼ 0�4, P ¼ 0�03) and FasL (r ¼ 0�3,
P ¼ 0�04). In 54% of the cases, the necrotic centres

expressed high levels of FasL, but the expression of Fas

was absent or weak.

The correlation of cytokines with apoptotic cells and

apoptosis-regulating proteins was also studied. Apoptotic

giant cells correlated positively with the giant cells posit-

ive for TNF-a (r ¼ 0�3, P ¼ 0�04), IFN-c (r ¼ 0�6, P ¼
0�001) and TGF-b (r ¼ 0�8, P ¼ 0�000), but not with

IL-10-positive cells, whereas in the epithelioid cells there

was no such correlation. Giant cells expressing FasL cor-

related positively with those expressing IFN-c (r ¼ 0�7,
P ¼ 0�000) and TGF-b (r ¼ 0�6, P ¼ 0�000).

Comparison between TB and FB granulomas

Figure 3(c,d) shows the number of Fas- and FasL-positive

cells and the percentage of apoptotic cells in the FB gra-

nulomas. There was no difference or correlation in the

expression of these apoptosis-related proteins. There was

no difference in the distribution of Fas, FasL or apoptotic
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Figure 3. In situ distribution of Fas ligand (FasL), Fas, Bcl-2, Bax

and apoptosis in the tuberculosis (TB) (a,b) granulomas, and FasL,

Fas, and apoptosis in foreign body (FB) (c,d) granulomas, analysed

by using immunohistochemical staining. The median, 25th and 75th

percentiles, and minimum and maximum values are shown. The

marks indicate the extreme values. The Wilcoxon signed-rank test

was used for matched analysis and the Mann–Whitney test for two

independent group comparisons. Statistical significance with a

P-value of <0�05 is marked with an asterisk. (a) Number of stained

cells per high power field (HPF) in the epithelioid cells within TB

granulomas. Bax-expressing cells were more numerous than either

Fas (P ¼ 0�01) or FasL-expressing cells. Bcl-2-expressing cells were

very few or could not be detected in the granulomas. (b) Percentage

of stained cells in multinucleated giant cells in TB granulomas. The

percentage of giant cells expressing Bax was lower than those expres-

sing Fas (P ¼ 0�05). (c) Number of stained cells per HPF in the epi-

thelioid cells of FB granulomas. There was no significant difference

in the expression of cytokines. (d) Percentage of stained cells in

multinucleated giant cells in FB granulomas. There was no signifi-

cant difference in the expression of cytokines. Among TB giant cells

there were significantly lower percentages of FasL and Fas and apop-

totic cells as compared with FB giant cells.
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cells between TB and FB epithelioid cells. However, fewer

giant cells in TB granulomas expressed FasL, Fas and

caspase 3 (apoptotic cells) as compared with FB giant cells.

Difference between Norwegian and Tanzanian
populations

The number of giant cells positive for TNF-a, IFN-c and

FasL in granulomas in Norwegian patients was signifi-

cantly higher than in Tanzanian patients. The numbers of

IL-10-, TNF-a-, TGF-b- and IFN-c-positive epithelioid

cells were also higher in Norwegian patients. These differ-

ences could not be explained based on the information

available. Differences in the processing of biopsy speci-

mens, or variation in the mycobacterial species involved

in the aetiology, may provide some explanation. Further

studies are being carried out in our laboratory to clarify

this.

Discussion

Relatively little is known about the effector mechanisms

whereby the human immune system controls M. tubercu-

losis infection and the influence of specific cytokines in

this process. One of the hallmarks of an effective immune

response against M. tuberculosis is the formation of

granulomas containing multinucleated giant cells.

Although felt to play an important role in the control of

M. tuberculosis infection,38 the function of giant cells and

epithelioid cells in the tuberculous granulomas are not

completely understood. This study has shown that giant

cells are highly active and express cytokines involved in

inflammation and apoptosis. We have shown that in the

TB granulomas, more giant cells expressed IL-10 and

TGF-b and fewer expressed TNF-a and IFN-c. Signifi-

cantly lower percentages of TB giant cells expressed

TNF-a and IFN-c as compared with FB giant cells. Stain-

ing of consecutive sections from TB granulomas revealed

that some giant cells expressed IL-10, but not TNF-a
(Fig. 2). Furthermore, apoptotic giant cells expressing

caspase 3 correlated positively with the expression of

TNF-a, IFN-c and TGF-b, but not with IL-10. This is in

agreement with previous studies, which have shown that

TNF-a,29–33 IFN-c28 and TGF-b39 are involved in the

induction of apoptosis, whereas IL-10 expression has been

associated with the inhibition of apoptosis.34,35 In TB

giant cells there were significantly lower percentages of

FasL, Fas and apoptotic cells as compared with FB giant

cells. In TB granulomas the percentage of giant cells

expressing Bax was lower than those expressing Fas,

unlike the epithelioid cells. Bax is known to promote cell

susceptibility to apoptosis,40 implying that the TB giant

cells are less susceptible to apoptosis as compared to epi-

thelioid cells and FB giant cells. Taken together, these

observations show that increased expression of IL-10 and

TGF-b, as compared to TNF-a and IFN-c, by the giant

cells in TB granulomas may down-regulate microbicidal

functions, thus favouring the survival and persistence of

bacilli in the cellular microenvironment of granulomas.

These giant cells are not able to rid themselves of bacilli

and, being less susceptible to apoptosis, may remain a

continuous source of pro-inflammatory cytokines, causing

immune pathology.

The tissue damage causing caseous necrosis and lique-

faction of the necrotic centres is the basic process of

tuberculous disease in humans, but the mechanism behind

it remains largely unknown. TNF-a has been proposed as

a major mediator of necrosis in M. tuberculosis-infected

tissue, but this has not been confirmed by previous stud-

ies in murine models8,41,42 or in this study where TNF-a
expression in the necrotic centres was patchy. TGF-b was,

however, strongly expressed in the necrotic centres, but

whether TGF-b has any role in causing tissue damage is

not known. It has been shown that TGF-b causes up-

regulation of matrix metalloproteinase (MMP)-2 and

MMP-9.43 MMPs can digest collagens and other matrix

proteins, contributing to necrosis.44 MMPs have been

shown to be strongly expressed in TB granulomas and are

associated with tissue destruction.45 MMPs also cause

cleavage of FasL from the cell surface.46 FasL is believed

to be involved in tissue damage47 and, in this study, the
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Figure 4. Lymph nodes tissue showing the staining pattern of Fas lig-

and (FasL), Fas, and caspase 3 for detecting apoptotic cells, Bax, and

Bcl-2 in the tuberculosis granulomas, as detected by immunohisto-

chemical staining. (a) Low power view; the marked area is shown at

high power in (b). The epithelioid cells and the giant cells expressed

FasL, Fas and Bax. In 54% of cases, the necrotic centres (NC)

expressed high levels of FasL, but Fas expression was absent or weak.

Bcl-2-expressing cells were very few or could not be detected in the

granulomas, whereas the surrounding lymphoid tissue expressed Bcl-2

strongly.
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epithelioid cells and the giant cells surrounding the large

necrotic areas expressed high amounts of FasL. In 54% of

cases the necrotic centres expressed high levels of FasL,

but Fas was absent or weak, implying a role of FasL in

tissue damage. Other studies with tumours have also

shown that increased production of TGF-b is associated

with an increase in FasL, leading to tumour progression.48

It has also been shown that TNF-a and IFN-c can lead to

an increase in FasL expression.49 Taken together, these

findings suggest that the M. tuberculosis infection and

cytokines produced in the granuloma microenvironment

lead to an increase in FasL and TGF-b production, which

may be responsible for the tissue destruction and progres-

sion of disease. This suggestion is further supported by

the finding that levels of soluble FasL, but not Fas, are

higher in the serum of these patients as compared with

healthy controls.50

The mechanisms that lead to the resolution or progres-

sion of granulomas and, consequently, disease, are not

understood. Activated immune cells are believed to

undergo apoptosis by activation-induced cell death mech-

anisms, leading to resolution of infection. We have shown

that apoptosis occurs in the TB granulomas. The granu-

loma cells expressed Bax, but not Bcl-2. It is well known

that excess Bcl2 blocks cell death following a variety of

stimuli and has a death-sparing effect on haematopoietic

cells, including macrophages.32 On the other hand, when

Bcl2 is absent, the Bcl-associated x protein, Bax, can

dimerize with itself. Based on this, one may argue that

the lack of Bcl2 and the abundance of Bax in granulomas

may render them sensitive to apoptosis. Apoptotic cells

were also detectable in the necrotic centres in the gra-

nulomas, and this is in agreement with other studies

which have shown that caseation is strongly associated

with the apoptosis of T cells and macrophages.51 How-

ever, the following questions remain: ‘Why do granulo-

mas not resolve despite such high numbers of apoptotic

cells?’ and ‘What is the relationship between apoptosis

and necrosis within caseous foci?’. The Fas/FasL system

has been recognized as a major pathway for induction of

apoptosis in cells and tissues,47 and is used by M. tubercu-

losis to contribute to its virulence.26,27 In murine pulmon-

ary lesions, infection with M. tuberculosis results in an

increase in the expression of FasL, but reduced expression

of Fas in the cells in which mycobacteria reside, providing

mycobacteria with an immune-privileged sanctuary.25

Based on this background we hypothesize on the mecha-

nisms of immune privilege for mycobacterial sanctuary in

TB granulomas via the Fas/FasL system. The granuloma

microenvironment, by virtue of mycobacterial infection

and inappropriate secretion of TGF-b and other cyto-

kines, leads to an increase in expression of FasL in granu-

loma cells that counterattack cytotoxic T lymphocytes

as part of granuloma immune privilege. These find-

ings explain the morphology of granulomas where

lymphocytes are found in the periphery in the granulo-

mas and not among the epithelioid cells. This might be

caused by apoptosis induced by the FasL-expressing epi-

thelioid cells. This hypothesis is indirectly supported by

studies in TB patients where constant apoptosis of T cells

has been shown to result in a reduction in T-cell numbers

and depressed proliferative responses.52,53 In addition, it

has been shown that increased production of TGF-b can

result in the down-regulation of FasL in cytotoxic T

lymphocytes, inhibiting the cytotoxic potential of these

cells.54 As Fas was also expressed on epithelioid cells,

autocrine or juxtacrine killing of these cells is expected to

occur, leading to resolution of granulomas rather than

the expansive granulomas seen. This can be explained by

the Fas-mediated resistance to apoptosis of epithelioid

cells, as found in tumour cells.55,56 Soluble FasL may be

involved in the down-regulation of Fas expression by

binding to Fas and inhibiting Fas-mediated apoptosis of

the granuloma cells, causing an expansion in the lesions

and making these granulomas an immune-privileged site

for a small number of intracellular bacilli.

In summary, our data suggest that epithelioid cells and

giant cells in granulomas probably encompass target as

well as effector cells, and the inappropriate secretion of

IL-10 and TGF-b by these cells may be a possible mech-

anism of failure of the immune response to resolve the

infection. These findings have implications in designing

new immune-intervention strategies for TB by modula-

tion of the host immune response.
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