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Human T cell responses and gamma interferon (IFN-y) secretion by peripheral blood mononuclear cells
(PBMCs) in response to M. tuberculosis Early Secretory Antigen Target-6 (ESAT-6) eight synthetic
overlapping peptides, were investigated in Egyptian tuberculosis patients as well as a control group. Three
cell mediated immunoassays (lymphoproliferative, ELISPOT and intracellular flowcytometry) have been
employed in this study to determine the ability of ESAT-6 to induce T-cell responses and IFN-y secretion,
which play a critical role in protective cell-mediated immunity against tuberculosis (TB). The results revealed
that all ESAT-6 peptides (P1-P8) were recognized by 85% of infected TB- patients, indicating that the
molecule holds multiple epitopes. However, patients differed in the fine specificity of their peptide
responses. Recognition of the N-terminal region of (P2-P7) was predominant. This study demonstrates that
ESAT-6 is frequently recognized during infection and holds potential as a component of a future TB-vaccine.

ore than 100 years after Koch’s
discovery of the causative organism
of tuberculosis (TB),

Mycobacterium tuberculosis (M.
tuberculosis), remains one of the largest
causes of death from a single infectious agent.
It is estimated that a third of the world’s
population are latently infected with M.
tuberculosis. In  addition, there are
approximately eight million new cases of TB
each year and two million deaths (WHO,
1997 & 1999). TB is primarily a disease of
the developing world, with 95% of the world
cases and 98% of deaths occurring (Zumla
and Grange, 1999). Notification rates have
been steadily increasing since the 1980s, due

attenuated strain of M. bovis. There is
evidence that the protection conferred by
BCG against disseminated forms of TB in
childhood and tuberculous meningitis is
approximately 80% (Rodrigues et al., 1993).
However, the protection conferred by BCG
against adult pulmonary disease is extremely
variable (Talbot et al., 1997).

Much attention has been focused on the
secreted antigens as subunit vaccine
candidates. Secreted antigens are actively
secreted from live mycobacteria and
protective immunity can only be induced by
live mycobacteria (Orme, 1988). This may
lead to suggest that secreted antigens are
important in the generation of protective

to the HIV epidemic and the emergence of
multi-drug-resistant strains of M. tuberculosis
(British, 1998). Worldwide, M. tuberculosis is
the most common coinfection in HIV people
infected and it is the leading cause of death.
TB caused 30% of AIDS-associated deaths in
Africa in 1999 alone (Zumla et al., 2000). The
only vaccine available is BCG which is a live

immunity. Pools of secreted antigens obtained
from culture filtrates generate protective
immune responses when guinea-pigs were
immunized with them (Horwitz et al., 1995)
and mice immunized with culture filtrate were
protected also against challenge (Andersen,
1994). One of the most immunodominant
groups of antigens within the secreted
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antigens is the Early Secretary Antigenic
Target -6 (ESAT-6).

Recombinant ESAT-6 was the most
frequently recognized T-cell antigen, as
determined by its ability to induce antigen-
specific proliferation and IFN-y secretion
(Mustafa et al., 1998). It is known that ESAT-
6 expression is restricted to the M.
tuberculosis complex, whereas M. bovis BCG
and the majority of environmental
mycobacteria lack this antigen (Harboe et al.,
1996). The immunologic properties of ESAT-
6 have been the subject of a number of studies
in animal models, and it is known that this
antigen 1S a prominent target broadly
recognized early during disease in different
species infected with M. tuberculosis or M.
bovis (Brandt et al, 1996; Pollock and
Andersen, 1997).

In the present study, ESAT-6 has been
used in the form of 8 overlapping synthetic
peptides to identify and characterize the major
T-cells subpopulation(s). Such cells are
known to be responsible for the induction of
the protective associated responses in human
tuberculosis. The study will also help in
understanding the human immune response to
the selected antigen which, may be considered
as a subunit vaccine either by itself or in
combination with other relevant antigens of
M. tuberculosis.

Materials and Methods
Study population

A total of 80 subjects were included in the current
study: 50 M. tuberculosis patients were diagnosed at
the Department of Pulmonary Medicine, Embaba
Hospital of Allergy and Lung Diseases, Cairo; Egypt.
Thirty controls from healthy individuals were
undertaken. All patients are cases of pulmonary
tuberculosis, and they did not receive any
antituberculous drugs. The TB participants, included in
this study, were subjected to full history taking, clinical
examination and chest radiographs. They ranged in age
from 36 + 10 years. The healthy controls ranged in age
from 23-33 years (Table 1). Venous blood samples
were collected in a sterile safety-monovette blood
collection closed system containing Na-EDTA. The

collected blood was protected from light and heat
during its transportation to the laboratory, and
processed within 24 hrs. of sampling.

ESAT-6 antigen and its peptides

Eight synthesized peptides spanning the length of
ESAT-6 molecule suspended in complete RPMI-1640
medium (RPMI 1640, supplemented with 1% penicillin
-streptomycin, 1% L-glutamine, 1% sodium pyruvate,
10% fetal bovine serum, 0.1% 2-mercaptoethanol) (
GIBCO) at concentration of 20pg/ml. Each peptide was
20 amino acid (aa) in length and overlapped its
adjacent peptide by 10 residues as shown in Table (2).
Identity, purity and sequence homology of ESAT-6
synthetic ~peptides were confirmed by mass
spectrometry and by high performance liquid
chromatography (HPLC) according to the method of
Mustafa et al. (2000).

Lymphoproliferative assay for human lymphocytes

PBMC were separated from whole blood by density
centrifugation according to the method described by
Ling and Kay (1975).

PBMCs were cultured in triplicates in a volume of
175ul /well (200,000 cells/well) into round-bottom 96-
well tissue culture plates (Greiner), then stimulated
with ESAT-6 antigen. Negative controls consisted of
cells cultured alone with complete RMPI-1640
medium. ESAT-6 (20pg/ml) stimulated cells were
incubated for 5 days at 37°C in a CO, incubator.
Phytohaemagglutinin A (PHA) was used as a positive
control (5pg/ml). In the PBMCs culture, each well was
pulsed for 16-18 hrs with 0.5uci of [°H] thymidine
(DuPoint Nensure™, Boston, MA, USA). The wells
were harvested with a multi-well harvester. The dried
filters were immersed in scintillation cocktail and the
radioactivity was measured in a B-liquid scintillation
counter. Calculation of stimulation index (SI) was then
performed to determine the prevalence of positive
proliferation responses by dividing the mean count per
minute of stimulated cultures over the mean count per
minute of unstimulated cultures (Betty et al., 2000).

Evaluation of Interferon-gamma-Producing T Cells
by Enzyme linked immunospot assay (ELISPOT)

Nitrocellulose 96-well plates (Millipore Co., Bedford.
MA) were coated with 100 ul/well of mouse anti-
human IFN-y monoclonal antibody (MabTech clone 1-
DIK, 10 pg/ml ), and blocked for 2 hours at 37°C with
200 pl/well of complete RPMI medium. 100 pl/well of
diluted PBMCs (2x10°cells/well) were added followed
by 25 ul/well of test antigen or PHA. At 5x final
desired concentration, 125 pl of RPMI 1640 were
added to one or more wells. Finally, plates were
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incubated overnight (18 hrs) in humidified 5% CO,
incubator at 37°C. On the next day, plates were washed
7 times with PBS/ 0.05% Tween using plate washer.
Then 50 pl/well of biotinylated mouse anti-human IFN-
y monoclonal antibody —diluted to 1 pug/ml (1:1000) in
0.5 % BSA/PBS were added and the plates were
incubated 3 hrs at room temperature. Then, plates were
washed 4 times by PBS/Tween. 50 pl/well of alkaline
phosphatase  conjugated  anti-biotin  monoclonal
antibody (Mab) (Vector Laboratories, Inc. Burtingame,
CA) diluted 1:750 in BSA/PBS were added to the
plates and they reincubated for 2 hrs at room
temperature (plates kept from light). Plates were
washed 4 times and 50 pl/well of BCIP/NBT (Pierce,
Rockford, USA) substrate solution were added then
incubated at room temperature for 5-15 min or until
spots develop. The substrate was decanted and wells
were rinsed with distilled water to stop color formation
and plates were allowed to air dry. Spots were scored
using ELISPOT reader (Bioreader 3000 LC, Germany).
Averaged numbers of spot-forming cells (SFC) in
control wells were subtracted from the averaged
numbers of peptide stimulated wells to correct for
spontaneous cytokine production. Responses were
defined as five or greater than the mean SFC per
million PBMC.

Flowcytometric assay

Flowcytometric assessment of T- cell cytokine
production is based on stimulation of T cells in the
presence of a pharmacologic inhibitor of secretion,
followed by cell permeabilization, and then
intracytoplasmic staining of accumulated cytokines.
This technique was originally described by Jung ef al.,
(1993).
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Brefeldin A (BFA), a relatively nontoxic but potent
inhibitor of intracellular transport, was used to block
the cytokine secretion stimulated by either ESAT-6 or
PHA. PBMCs were cultured in complete RPMI 1640
(GIBCO) with or without the T-cell stimulants ESAT-6
(20pg/ml), or PHA (5pg/ml). After harvesting, cells
(0.1x10° test) were washed with cold washing buffer
(PBS 0. 5% FBS) and then 500ul / tube 1X FACS
lysing solution (to lyse RBCs or any debris) were
added and vortex gently then incubated for 5 min at
room temperature. After incubation, the cells were
centrifuged at 400 xg for 5 min and then the CD4 and
CD8 antibodies were used to set an acquisition gate so
that only CD4+ /CD8+ lymphocytes are collected for
analysis. Cells were then washed, simultaneously
permeabilized (500ul of Ix FACS permeabilizing
solution; Becton Dickinson) for 5min in dark. After
washing with 2 ml washing buffer, a volume of 20 pl/
tube anti-cytokine mAbs ( [FN-y ; Becton Dickinson)
was added and cells were incubated for 30 min in the
dark. Finally, the cells were washed and fixed with
500ul/ tube 1% paraformaldhyde (Sigma) and
analyzed. Parameter analysis was performed on a
FACS Calibur flow cytometer (Becton Dickinson)
using fluorescein isothiocynate (FITC), Peridin
cholorophyll protein (PerCP) and Phycoerythrin (PE).
List-mode multi-parameter data files. (Lewis and
Rickman, 1992).

Statistical analysis

Statistical analysis was performed using the Analysis
Of Variance (ANOVA) and Duncan’s multiple Range
Test to determine differences between controls and
patients, means at significance level of 0.05. Standard
errors (or deviations) of treatment means were also
estimated. All statistics were carried out using
Statistical Analysis Systems (SAS) program (SAS,
2000).

Table 1 Characteristics of patient and control samples enrolled in the study

Cases Total No. Sex Average of age
. . Number of males 35
Total f t
otal number of patient subjects tested 50 Numbar afiaimales 15 36+ 10
. Number of males 16
Total number of control subjects tested 30 Number of females 14 23-33

Table 2. Designation and sequence of the overlapping ESAT-6 synthetic 20-mer peptides.
ESAT-6 peptide

Amino acid sequence

P1 MTEQQWNFAGIEAAASAIQG

P2 GIEAAASAIQGNVTSIHSLLD

P3 NVTSIHSLLDEGKQSLTKLA

P4 EGKQSLTKLAAAWGGSGSEA

PS5 AAWGGSGSEAYQGVQQKWDA

P6 YQGVQQKWDATATELNNALQ

P7 TATELNNALQNLARTISEAG

P8 NLARTISEAGQAMASTEGNV
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Results

Cell mediated immunoassays enrolled in
the study

Three cell mediated immunoassays were

employed in this study
(lymphoproliferative, =~ ELISPOT  and
intracellular ~ flowcytometry  assays).

Table 3. Cell mediated immunoassays investigated.

Results in Table (3) shows the sensitivity
of the above techniques to recognize
ESAT-6 peptides in samples derived from
TB infected patients. The average
percentage of positive responses to
recognize ESAT-6 antigen was very high,
it reaches 85 % .

*Assay

Lymphoproliferation ELISPOT Flow cytometric
Incubation period 3-5 days 16-18 hrs. 6 hrs.
Total number of tested patient subjects 50 50 50
% of the positive responses over the total number of 88 % 88 % 78 %
tested patient subjects
*The average % of the positive responses in all assays = 85 %
Detection of PBMCs responses in TB  peptides. The PBMCs from TB-patients

infected patients by
lymphoproliferation assay

using

The results were expressed as stimulation
index (SI), standard error (SE) which
encounter for the estimated standard deviation
of the statistic. High heterogeneity was
observed in the sense that all peptides (P1 to
P8) were recognized by some donors.
Whereas, most cases recognized multiple
peptides throughout the sequence. The highest
SI was detected in the infected group (Fig. 1).

Results in Fig.1 reveal that the mean levels
of proliferative response to peptides number
P1, P2, P3, P5, P7 were significantly different
(P < 0.05) in the patients group comparing
with the healthy controls group. Whereas the
differences between the mean responses of
TB- patients and controls to peptides P4, P6
and P8 didn't reach statistical significance.

T- cells producing Interferon-gamma
(IFN-y) stimulated by ESAT-6 peptides

ELISPOT assay was employed to show +ve
and —ve responses to different ESAT-6

produced elevated levels of IFN-y in response
to ESAT-6 peptides comparing with those of
healthy donors.

The elevated level of IFN-y in ESAT-6
stimulated PBMCs was correlated with
positive responses to ESAT-6 in the
proliferation assay. IFN-y levels produced by
T- cells from TB- patients were elevated
mainly in cell cultures stimulated with
peptides P1, P2, P3, P4, PS5, and P7 (Fig. 2).
These data revealed that PBMCs from TB-
patients were able to recognize several
epitopes of the ESAT-6, particularly those at
the N- terminus (Peptides no. P1, P2, P3, P4,
P5).

The ELISPOT was complementary to but
seems to be more sensitive than
lymphoproliferative assay. It was able to
recognize a broad pattern of overlapping
synthetic peptides, in particular, the striking
immunodominance of peptide P4 which was
not recognized with lymphoproliferation
assay.




