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Significance of Fas and Fas ligand in tuberculous lymphadenitis

Tehmina Mustafa,'? Stanley J.
Mogga,"*’ Sayoki G. M.
Mﬁnanga,l’4 0dd Morkve! and
Lisbet Sviland'?

'Centre for International Health, >Department
of Odontology-Oral Pathology and Forensic
Odontology, University of Bergen, *Department
of Pathology, Haukeland University Hospital,
Bergen, Norway, *National Institute for
Medical Research, Muhimbili Research Station,
Tanzania

doi:10.1111/j.1365-2567.2004.02080.x
Received 25 June 2004; revised 28 September
2004; accepted 21 October 2004.
Correspondence: Dr T. Mustafa, Centre for
International Health, Armauer Hansens
Building, Haukeland University Hospital,
N-5021 Bergen, Norway.

Email: tehmina.mustafa@cih.uib.no

Senior author: Lisbet Sviland

(email: lisbeth.sviland@helse-bergen.no)

Introduction

Summary

The Fas/Fas-ligand (FasL) system plays an important role in regulation of
apoptosis and the immune response, and is exploited by mycobacteria to
evade the immune response. This study was performed to investigate the
distribution and levels of FasL and Fas in lymph node granulomas and
sera of tuberculous lymphadenitis patients by immunohistochemistry and
enzyme-linked immunosorbent assay. The validity of soluble Fas (sFas) or
soluble FasL (sFasL) as a diagnostic tool was also examined. Levels of
sFasL in serum were elevated among patients. The numbers of FasL
stained cells in lymph node granulomas were higher than Fas. Children
had significantly higher levels of sFasL as compared to adults. The human
(HIV)-tuberculosis
displayed no differences in the levels of sFasL or sFas compared with

immunodeficiency virus (TB)-coinfected patients
HIV-negative patients. The healthy controls from a high endemic tubercu-
losis country (having latent TB) had significantly higher levels of sFasL
than from a country with no TB transmission. The sensitivity and specif-
icity of the FasL and Fas test were low when compared with the culture
results as the gold standard. However, by using histology as the gold
standard, the sensitivity and specificity of the FasL test were increased to
66-7% and 100%, respectively, but for the Fas test remained low. In con-
clusion, sFasL and sFas cannot be used as diagnostic tests for tuberculous
lymphadenitis. However, its utility in detecting latent TB and childhood
tuberculous lymphadenitis remains to be evaluated. FasL seems to play
a role in immune modulation and pathogenesis of TB. Modulators of
Fas/FasL-mediated apoptosis may therefore be clinically useful.
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an immune response.® FasL is not only expressed in the
cells of the lymphoid/myeloid series, but non-lymphoid

The Fas/Fas-ligand (FasL) system has been recognised as a
major pathway for the induction of apoptosis in cells and
tissues. Initially, Fas was described as a human cell-surface
component with associated cell-killing activity similar to
the cytolytic activity of tumour necrosis factor."* The cor-
responding ligand, FasL, is a type II membrane protein, a
member of the tumour necrosis factor family.” Engage-
ment of Fas by either agonistic antibody or its natural lig-
and, FasL, transmits a death signal to the target cells,
potentially triggering apoptosis. Fas is widely expressed in
normal and neoplastic cells; in contrast, FasL expression
in normal tissues is restricted to activated T cells, natural
killer cells, and macrophage lineage.*> Fas/FasL system
plays an essential role in elimination of autoreactive
lymphocytes and the deletion of activated T cells following
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cells also express it where it contributes to immune privi-
lege inducing apoptosis in the infiltrating proinflammat-
ory immunocytes.”

Both Fas and FasL exist in soluble form. It has been
shown that after synthesis FasL protein is maintained as
intracellular stores that are released after cellular activa-
tion.® Matrix metalloproteinases (MMPs) cause cleavage
of FasL from the cell surface.”'® Soluble Fas (sFas), gener-
ated by alternative mRNA splicing, can antagonize cell-
surface Fas function, by blocking FasL on lymphocytes."!

The Fas/FasL system is used by Mycobacterium tubercu-
losis to contribute to its virulence."*"” Infection with
M. tuberculosis results in an increase in the expression of
FasL in the cells in which mycobacteria reside, providing
mycobacteria with an immune privileged sanctuary.'>'* A
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number of studies over the last few years have evaluated
the utility of measuring the levels of molecules associated
with apoptosis in serum from patients with infectious
diseases to assess the disease activity and the rates of apop-
tosis."*"'® However, data regarding Fas and FasL is sparse.

This study was performed to determine the expression
and distribution of FasL and Fas in the serum and lymph
nodes from subjects with tuberculous lymphadenitis, and
to assess the difference in the levels of sFasL and sFas in
relation to patient characteristics and human immuno-
deficiency virus (HIV) coinfection. In addition the validity
of sFas or sFasL as a diagnostic tool was also examined.

Materials and methods

Subjects

The study was performed on the serum and lymph node
biopsies of patients diagnosed with mycobacterial lymph-
adenitis. These patients were recruited in an epidemiolog-
ical study from the four districts of Arusha region,
Tanzania from 1999 through 2001.'”'® These patients
were farmers, cattle-keepers and nomads. Diagnosis of
mycobacterial lymphadenitis was based on strong clinical
evidence, according to the National Tuberculosis and
Leprosy Control Programme clinical guidelines'® followed
by decision by a clinician to treat with a full course of
anti-tuberculosis (TB) chemotherapy. The majority of
patients presented with swelling in the neck, and other
symptoms like fever, pain, and weight loss were infre-
quent. Cervical lymph nodes were the main lymph nodes
affected, enlarged in about 80% of the cases, while the
axillary, inguinal, and mesenteric lymph nodes were
involved in a small proportion of cases.'”'® Sera were col-
lected from the patients and open biopsy specimens were
taken from patients before starting anti-TB chemotherapy.
Laparotomy was indicated for patients presenting with
peritonitis. Half of the biopsy specimen was stored in a
deep-freezer for culture and the other half for histology
was fixed in 10% formalin. Verbal consent was taken
from the participants of the study. Ethical clearance was
obtained from the Medical Research Co-ordinating com-
mittee in Tanzania.

Sera from 33 normal Tanzanian blood donors ages
between 18 and 70 years were used as controls. These sera
were obtained from the Blood Bank, Muhimbili Medical
Centre, Dar es Salaam, Tanzania as part of another
study.”® Tanzania is a high endemic country for TB and
the majority of the people is assumed to have latent TB,
in contrast to Norway where the majority of adult popu-
lation is assumed to be free of M. tuberculosis. Sera from
13 Norwegian volunteers aged between 25 and 57 years
for comparison between the high and low endemic popu-
lation was used. Skin test for mycobacterial infection was
not performed in the study subjects.
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Histological examination and immunohistochemistry

The formalin fixed specimens were embedded in paraffin
blocks, cut and stained with haematoxylin and eosin
(H&E) and the Ziehl-Neelsen stain for the acid-fast
bacilli. Histological examination for the presence or abs-
ence of granulomas were performed by two independent
pathologists.

Immunostaining was automated using the EnVision
TM + procedure optimized for Dako automated system.
Briefly after microwave antigen retrieval the sections were
placed in a Dako autostainer-Universal Staining System
(DAKO-USA, Carpinteria, CA). The sections were incu-
bated with 0-03% H,O, for 10 min, after which primary
antibodies, anti-Fas, -FasL (dilution 1 : 50), were applied
onto the sections for 60 min. Dextran polymer conjugated
with horseradish peroxidase was applied for 30 min. The
visualization was with diaminobenzidine (DAB) substrate
applied for 10 min. In negative controls primary antibody
was substituted with phosphate-buffered saline (PBS).
Strong and moderately positive cells as well as negative
cells in the granulomas randomly chosen in two to five
fields were counted.

Enzyme-linked immunosorbent assay (ELISA)
for Fas and FasL and HIV

Sera were tested for Fas using sAPO-1/Fas module set
(Bender MedSystems, Norway). ELISA microwell 96-well
plates (Maxisorb) were coated with coating antibody
(100 pg/ml), 100 pl/well, for overnight incubation at 4°.
Non-specific binding sites were blocked by using 0-5%
bovine serum albumin (BSA) in PBS containing 5%
Tween-20 for overnight at 4°. Plates were washed three
times with washing buffer (PBS containing 5% Tween-
20) after each incubation period. Standard protein and
sera were added in duplicate wells and incubated
with the biotin conjugate for 1 hr at 37°. After wash-
ing, horseradish peroxidase-conjugated streptavidin (1 :
12 000) was incubated in wells for 1 hr at 37° fol-
lowed by colour development with 1,2-phenylenediamine
dihydrochloride (OPD, 2HCI) (DAKO AS, Denmark).
FasL was tested out by an ELISA kit (OncogeneTM
research products, Norway) according to the instructions
provided by the manufacturer. The samples and the
standard proteins were added to the precoated micro-
titre wells and incubated with biotinylated detector anti-
body for 3 hr at 37°. After washing, peroxidase
conjugate was incubated in wells for 30 min at 37° fol-
lowed by colour development as described above. Opti-
cal density was read at a wavelength of 490 nm in an
automated ELISA reader. A standard curve was deter-
mined for both proteins each time the assay was per-
formed. The minimum detectable level of both sFasL
and sFas was 20 pg/ml
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Sera were tested for HIV infection using single Behring
ELISA tests (Dade Behring Marburg GmbH, Emil-
von-Behring Marburg/Germany). A repeated test for pos-
itive results was performed using Wellcozyme HIV
Recombinant (Murex Biotech Limited/UK). The tests
were conducted according to manufacture’s protocol and
results were handled with confidentiality.

Data management and statistical analysis

For ELISA, the 95th percentile value of the Tanzanian
healthy control serum levels of sFasL and sFas were taken
as the cut-off value to label TB cases as positive and neg-
ative for the protein. Statistical analysis was done using
SPSS 12.0 for Windows. The data was not normally dis-
tributed, thus non-parametric tests were used for two
group comparisons. Wilcoxon signed-ranked test was
used for matched analysis of FasL with Fas, and Mann—
Whitney test was used for two independent groups com-
parisons. Chi-square test was used for comparison of
ratios between two groups. Linear regression was per-
formed to determine the relationship between two varia-
bles. A P-value less than 0-05 was taken as significant.

Results

Soluble FasL and Fas in serum

Soluble FasL and sFas were detectable both in patients
and controls. The levels of sFasL were significantly higher
among the TB patients as compared to the healthy Tanza-
nian blood donor controls (P < 0-05; Fig. 1). The levels
of sFasL were higher than sFas both in TB patients and
controls (P < 0-01; Fig. 1). The levels of sFas were not
different between the patients and the controls. There was
a significant positive correlation between sFasL and sFas
in patients (r = 0-22, P < 0-05) (Fig. 2), but not in con-
trols (r = 0-09). When assessed in individual patients,
sFasL and sFas levels were above the normal baseline
value in only 29 (22%), and 10 (8:6%) cases, respectively.
The increase in FasL above normal value did not correlate
with an increase in Fas in the same patient except for in
three cases.

The normal sera from the Tanzanian control group
were compared with Norwegian volunteers for compar-
ison between the high and low endemic population.
Interestingly, the levels of sFasL in the Tanzanian controls
were higher than the Norwegian controls (P < 0-01),
whereas there was no difference in the levels of sFas
(Fig. 1). The Tanzanian donors had significantly higher
levels of sFasL than sFas (P < 0-01), whereas the levels of
sFasL were lower than Fas in the Norwegian blood donors
(P < 0-05). Figure 3 shows the levels of sFasL and sFas
in the various groups of patients. The levels of sFasL
were higher than the sFas among all groups except the
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Figure 1. Levels of soluble FasL and soluble Fas in the sera of tuber-
culous (TB) lymphadenitis patients and the healthy controls detected
by ELISA. The median, 25th and 75th percentiles and minimum and
maximum values are shown. The marks indicate the extreme values.
n-values indicate the number of patients in each group. Wilcoxon
signed-rank test was used for sFasL and sFas comparison and Mann—
Witney test for two independent group comparisons. The levels of
sFasL were significantly higher among the TB patients as compared
to the Tanzanian blood donor controls (P < 0-05). The levels of
sFasL were higher than sFas among both TB patients and Tanzanian
controls (P < 0-01). The levels of sFasL among the Tanzanian con-
trols were higher than the Norwegian controls (P < 0-01). The levels
of sFasL were lower than Fas in the Norwegian blood donors
(P < 0-05).
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Figure 2. Correlation between the soluble FasL and soluble Fas,
detected by ELISA in TB patients. There was a significant positive
correlation between sFasL and sFas as analysed by anova (r = 0-22,
P = 0-03).

mycobacterial culture-positive cases, HIV-positive cases
and those with or without granulomatous changes, which
may be because of small number of cases in these groups.
Interestingly children (age 1-15 years) had significantly
higher levels of sFasL as compared to the adults, whereas
there was no difference in the levels of sFas. Based on
these findings the two populations (children and adults)
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Figure 3. The levels of soluble FasL and soluble Fas in the various
groups of patients detected by ELISA. The median, 25th and 75th
percentiles and minimum and maximum values are shown. The
marks indicate the extreme values. n-values indicate the number of
patients in each group. Wilcoxon signed-rank test was used for sFasL
and sFas comparison and Mann—Witney test for two independent
group comparisons. Children (age 1-15 years) had significantly
higher levels (P < 0-05) of sFasL as compared to the adults
(16-80 years). The levels of sFasL were higher than the sFas among
various groups as marked by * (P < 0-05). MOTT = Mycobacteria
other than tuberculosis.

were compared for the distribution of ratios of males and
females, HIV coinfected and HIV negatives, bacille Calm-
ette-Guerin (BCG)-vaccinated to non-vaccinated, culture
positive and negative cases and the mycobacterial species,
by Chi square test. The two populations were only signifi-
cantly different for bacterial species (P < 0-05). In the
culture positive cases adults had a higher proportion of
M. tuberculosis (9/19, 47%) than children (0%), and
children had a higher proportion of M. bovis (3/6, 50%)
than adults (2/19, 10%; P < 0-05). The proportion of
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Table 1. Distribution of FasL and Fas results according to culture,
histology, HIV, BCG, age and gender results

FasL FasL Fas Fas
postive n negative* n positive n negative* n

Culture positive 3 23 4 21
M. tuberculosis 0 9 0 8
M. bovis 0 5 0 5
Atypical 3 9 3 9
Culture negative 26 78 6 85
Granulomas present 6 3 1 8
Granulomas absent 0 2 1 1
HIV-TB-coinfected 2 7 1 6
HIV-negative 17 61 7 62
BCG-positive 24 77 6 81
BCG negative 6 22 5 23
Females 20 54 6 59
Males 10 50 5 50

*Negative are the values below the cut-off value based on the 95th
percentile values of proteins in the healthy control serum.

n = number of patients in each group. The total number of patients
among groups varies because of non-availability of all the informa-
tion for every patient.

mycobacteria other than tuberculosis (MOTT) was not
significantly different between the groups. The values of
sFasL and sFas were compared in different groups
between the two populations. The levels of sFasL were
significantly higher among male children than male adults
(P < 0-05), in the children with culture-negative results
than adults of the same group (P < 0-01) and in BCG-
vaccinated children than vaccinated adults (P < 0-01).

Table 1 shows the number of patients with positive or
negative sFasL and sFas results according to the cut-off
criteria based on values in normal serum from Tanzanian
donors and the distribution of mycobacterial culture,
mycobacterial species, tuberculous granulomas, HIV sta-
tus, BCG vaccination, and gender. Among the FasL posit-
ive cases only three (10%), and among the FasL negative
cases 23 (22%) were culture positive. Among Fas-positive
cases, four (40%) cases were culture positive, and among
Fas negative cases, 21 (20%) were culture positive. The
ratios of sFasL positive and negative cases were not differ-
ent among the various groups.

Correlation with histology

The presence of tuberculous granulomas could be correla-
ted with serum Fas and FasL results in the same pati-
ents in 11 cases only as shown in Table 1. In these cases
acid-fast bacilli were not detected. All the FasL-positive
and 50% of the Fas-positive cases had granulomatous
responses suggestive of TB.

Figure 4 shows the number of stained cells for FasL
and Fas in the lymph node granulomas of 31 patients,
detected by immunohistochemistry. The numbers of FasL
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Figure 4. Number of stained cells for FasL and Fas in the lymph
nodes granulomas of 31 patients detected by immunohistochemistry.
The median, 25th and 75th percentiles and minimum and maximum
values are shown. The marks indicate the extreme values. The abso-
lute numbers of FasL positive cells were higher than Fas positive cells
(P < 0-05).

positive cells were higher than Fas-positive cells
(P < 0-05). The numbers of FasL-positive cells correlated
positively with Fas-positive cells (r = 0-48, P <0-01). The
epithelioid cells, giant cells in the granulomas and the
cells surrounding the granulomas expressed both FasL
and Fas.

Validation of serum FasL and Fas ELISA
as a diagnostic test

The validity of serum FasL and Fas ELISA as diagnostic
tests was evaluated. With culture results as the gold
standard, the sensitivity and specificity of both sFasL and
sFas were too low to be used as diagnostic test. However,
by using histology (granulomatous response suggestive of
TB) as gold standard, the sensitivity and specificity of the
FasL test were increased to 66-7 and 100%, respectively,
but the sample size (11 cases) was small for this analysis.

Discussion

In our study we have found an increased level of sFasL in
the sera of TB patients. The number of FasL positive cells
in the granulomas in lymph nodes were higher than Fas-
positive cells that would explain the increase in serum
levels of sFasL. The granulomatous immune response in
TB is shown to contain the disease by preventing the
spread of mycobacteria, but it is also within the granulo-
mas that bacilli may survive and persist.”' These granulo-
mas, by virtue of increased expression of FasL, may
provide an immune-privileged site for the bacilli. This
is supported by the studies on pulmonary granulomas
of mice with slowly progressive primary TB where we
have shown that a population of M. tuberculosis infected
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macrophages express high amounts of FasL and low
amounts of Fas.'? These infected macrophages, as a con-
sequence, can be protected from the attack of cytotoxic
T cells and could avoid the activation by sensitized
lymphocytes, making an intracellular sanctuary for myco-
bacteria. Furthermore these infected macrophages are
shown to express increased levels of antiapoptotic protein
Bcl2, thus prolonging their survival.”> In human TB gra-
nulomas the absence of lymphocytes among the epitheli-
oid cells might be caused by apoptosis induced by the
FasL-expressing epithelioid cells. This hypothesis is indi-
rectly supported by the studies in TB patients where con-
stant apoptosis of T cells has been shown to result in a
reduction in T-cell numbers and depressed proliferative
responses.”> ° Antigen-presenting cells with increased
expression of FasL are shown to induce apoptosis in
T cells during antigen presentation, thus inducing anti-
gen-specific T-cell tolerance.”’ Because TB progresses
slowly, it remains possible that a population of macro-
phages expressing FasL induces immune suppression by
selective deletion of M. tuberculosis-specific lymphocytes.
As the activity of cellular FasL can be inhibited by
sFasL,”*’ increased levels of sFasL in TB patients can also
undermine the cytotoxic activity of cytotoxic cells leading
to immune modulation/suppression, thus implicating the
role of FasL in the pathogenesis and chronicity of disease.

Although sFasL is said to be a less potent inducer of
apoptosis as compared to the membrane-associated
FasL*®*7° it is shown to be functionally active against cells
that are highly sensitive to Fas-mediated apoptosis**>’
is suggested to be involved in tissue damage.”’ The tissue
damage causing caseous necrosis and liquefaction of the
necrotic centres is the basic process of tuberculous disease

and

in humans, but the mechanism behind it remains largely
unknown. In our study the epithelioid cells and the giant
cells surrounding the large necrotic areas in the lymph
nodes expressed high amounts of FasL. In 54% of the cases
the necrotic centres expressed high amounts of FasL, but
Fas was absent or weak, implicating a role of FasL in tissue
damage. The extent of FasL activity within granulomas
may be a critical factor determining the balance between
control of infection and tissue destruction. MMPs, which
cause cleavage of FasL from the cell surface”'® have
also been shown to be strongly expressed in tuberculous
granulomas.”

In our study healthy controls from Tanzania and
Norway showed increased level of sFasL (median values
were 885 and 409 pg/ml, respectively). This is contrary to
other studies where sFasL have been reported to be either
absent®® or in amounts lower than 140 pg/ml***> About
a third of the world’s population is infected with
M. tuberculosis.’® In areas of high endemicity, the major-
ity of the people is infected with M. tuberculosis, thus
constituting a huge reservoir for reactivation to active dis-
ease. In countries with low or moderate tuberculosis
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endemicity, most cases of tuberculosis result from reacti-
vation of latent infection.”’° However, the mechanism
by which the tubercle bacilli persist in host are not under-
stood. In our study the sera from healthy volunteers from
Tanzania (high endemic country with latent TB) showed
increased level of FasL but not Fas as compared to the
Norwegian volunteers (no latent TB). The levels of sFasL
were higher than sFas in the Tanzanian donors, whereas
the levels of sFasL were lower than sFas in the Norwegian
blood donors. The impact of other subclinical infections,
however, on the levels of sFasL is not known. During
latent infection mycobacteria might be using the FasL-
and Bcl-2-expressing cells, as in progressive TB,'>"* to
persist in the host cells and this could have caused an
increase in the soluble FasL. Whether sFasL can be used
to detect latent TB infection remains to be evaluated.

One interesting finding in this study was the high levels
of sFasL in the sera of children as compared to adults.
Childhood tuberculous lymphadenitis is difficult to diag-
nose. In all countries, the diagnosis of childhood tubercu-
losis is often made from clinical history and examination,
without laboratory confirmation. Tuberculosis score
charts have been widely used to assist in this process,
however, increasing numbers of malnourished and HIV-
positive children have compromised the value of such
scoring systems.*” Tuberculin skin testing gives negative
results in up to 40% of children with tuberculosis, and
radiographic findings are often nonspecific.*’ Whether we
can use the levels of sFasL in diagnosis remains to be
evaluated as we lack appropriate age-matched controls to
make this conclusion in this study.

HIV infection is shown to be associated with an
increase in the levels of both sFas and sFasL in serum.*>*’
However, in our study the HIV-coinfected patients
showed no significant difference in the levels of sFasL
or sFas compared with HIV-negative patients. The
increase in FasL because of TB in both groups might
explain these findings. HIV-1 coinfection impairs cell-
mediated immune responses to M. tuberculosis,***° which
may impair the formation and maintenance of granulo-
mas. As granulomas seem to be responsible for an
increase in the sFasL, the finding that the levels of sFasL
were higher than sFas in HIV-negative patients, but not
so in HIV-coinfected patients, might be because of lack of
granulomas in the coinfected patients. This is supported
by the similar findings of higher sFasL levels than sFas in
the patients with granulomatous response as compared to
those who did not mount such a response (Fig. 3). HIV
results were available for seven cases with granulomatous
response and they were all negative. Unfortunately HIV
results were not available for the cases without granulo-
matous response.

One of the aims of this study was to assess the utility
of sFasL and sFas as diagnostic markers for TB. Recent
studies have shown an increase in the levels of sFasL in
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pleural fluid from TB patients, and has been suggested as
a differential diagnostic tool.'®*” In our study, by using
culture as the gold standard, the sensitivity was too low
both for Fas and FasL to be used as a diagnostic test, but
only 20% samples were culture positive; this is in line
with reports that have shown that culture has low sensi-
tivity especially in paucibacillary conditions like lym-
phadenitis.** On a routine surgical pathology report
diagnosis is usually made on the basis of histological evi-
dence of chronic granulomatous inflammation, suggestive
of tuberculosis. When the presence of TB specific inflam-
mation was used as the gold standard, sFasL turned out
to be 100% specific; the sensitivity was 66-7%. But the
sample size was too small to derive any conclusion.

In conclusion, sFasL and sFas levels cannot be used as
a diagnostic test for tuberculous lymphadenitis because of
too low sensitivity and specificity. However, its utility in
detecting latent TB and childhood tuberculous lymphade-
nitis remains to be evaluated. FasL seems to modu-
late/suppress the immune response and play a role in
tissue destruction, which is responsible for morbidity and
mortality in TB. Modulation of the Fas/FasL-mediated
apoptosis may be clinically useful in limiting the damage
and improving the immune response.
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