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Ligand-Specific ab and gd T Cell Responses in Childhood Tuberculosis
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The ab and gd T cell responses were analyzed in the peripheral blood of children affected
by active tuberculosis (TB) and in healthy children who tested positive (PPD+) or negative
(PPD2) for purified protein derivative. PPD+ healthy and diseased children responded equally
well to PPD in vitro. In contrast, only 18% of PPD+ TB patients responded to peptide p38G
derived from the 38-kDa protein of Mycobacterium tuberculosis. Analysis of the whole gd T
cell population and of its Vg9/Vd2 subset showed similar frequencies in PPD+ children with
TB and in healthy PPD+ and PPD2 children. Vg9/Vd2 cells from children with TB responded
to 5 different phosphoantigens similarly to those from healthy PPD+ children, but healthy
PPD2 children responded very poorly. Chemotherapy had contrasting effects on the tested
lymphocyte population, represented by increase of ab and decline of Vg9/Vd2 T cell responses.
T cell responses in childhood TB may be similar to those in adult TB.

Tuberculosis (TB) remains the leading cause of mortality
among human infectious diseases in the world [1]. After infec-
tion with Mycobacterium tuberculosis (Mtb), only a small pro-
portion of individuals develops the disease, while most remain
healthy. It has been known for some time that acquired resis-
tance to Mtb infection depends on the interaction of antigen-
specific T cells and activated macrophages [2, 3]. Consequently,
T cell–deficient animals [4] and immunocompromised individ-
uals are highly susceptible to TB [5]. It is believed that Mtb-
specific T cells release cytokines that activate tuberculocidal
and/or tuberculostatic alveolar macrophages [6, 7], promote
macrophage development and activation, and promote gran-
uloma formation [8]. Most or all of these activities are thought
to be contained primarily within the ab T cell population.

Recently, several studies have suggested that gd T cells may
play an important role in the immune response to Mtb. In mice,
there is a large increase in the number of gd T cells that ac-
cumulate in the lungs after intranasal challenge with PPD [9],
and, in some experimental conditions, mice lacking gd T cells
because of d gene targeting suffer a more severe form of TB
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and fail to control the infection [10, but see 11]. In normal
healthy individuals, gd T cells contain the highest frequency of
Mtb-reactive T cells in the peripheral blood [12–16], and the
predominant subset of Mtb-reactive gd T cells express a TCR
encoded by Vg9 and Vd2 gene segments [13, 17–20]. Several
Mtb-gd T cell antigens have been chemically defined and in-
clude nonproteic and/or nucleotide molecules containing crit-
ical phosphate moieties [21–24]. Although the results of these
studies strongly suggest that gd T cells play a role in the immune
response to Mtb, the limited number of studies of these cells
that have been done in human TB produced contradictory re-
sults. Whereas some studies have reported an increase in gd T
cells in the peripheral blood of TB patients [25, 26], others have
shown that gd T cell numbers remain constant in both the
peripheral blood and the granulomatous lymph node lesions
of TB patients [27–30]. Finally, a more recent report has shown
a dramatic reduction in Vg9/Vd2 T cells in TB patients, which
were refractory to in vitro stimulation by Mtb antigens [31].
These contrasting results may be a consequence of analyz-
ing gd T cells from patients at different stages of disease
progression.

All studies cited earlier involved adult patients. There is no
corresponding knowledge about the immune repertoire in child-
hood, except for one serological study [32]. In this paper we
have analyzed the gd and ab T cell responses in the peripheral
blood of children affected by TB and compared these responses
to those detected in healthy children who tested positive (PPD1)
or negative (PPD2) for purified protein derivative. None of the
children in these test groups had prior bacille Calmette-Guérin
(BCG) vaccination and it is plausible that the majority (or a
major fraction) of TB cases were due to primary infection,
disease that occurs in a person with no prior immunity [33].
Thus our study gives a picture of gd and ab populations soon
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Figure 1. Frequency of gd T lymphocytes in peripheral blood of
healthy children and those with tuberculosis (TB) who tested positive
(PPD1) or negative (PPD2) for purified protein derivative.

Table 1. Proliferative response to purified protein derivative (PPD) and synthetic peptide p38G
in the peripheral blood of healthy PPD2 or PPD1 children and children with tuberculosis (TB).

Healthy PPD2

(n = 17)
Healthy PPD1

(n = 46)
TB children PPD1

(n = 27)

Medium 560 5 78 (60–1131) 800 5 100 (126–2954) 640 5 80 (67–1561)
PPD 585 5 121 (159–2120) 15,920 5 1760 (2421–63,348) 16,422 5 2960 (1424–62,805)

0 44 (96%)a 23 (86%)a

cp38G 590 5 78 (125–1529) 5915 5 950 (344–34,316) 1090 5 209 (159–5049)b

0 35 (77%)a 5 (18%)a,b

PHA 21,210 5 4350 (3190–63,096) 24,930 5 2332 (6209–73,588) 25,800 5 3980 (4732–83,987)

NOTE. Results are expressed as counts per minute (cpm) 5 SE. The range of cpm values is shown in
parentheses. n, no. of individuals tested; PHA, phytohemagglutinin.

a Proportion of responder individuals ( and mean cpm value 11000)SI 1 3
b when compared with the healthy PPD1 group.P ! .001

after tuberculous infection and in the absence of chemothera-
peutic treatment.

Materials and Methods

Patient population. All the groups consisted of children from
the same geographic area and of similar socioeconomic back-
ground. None of the children had been vaccinated in infancy with
BCG. None of the case or control patients had evidence of human
immunodeficiency virus (HIV) infection, or was being treated with
steroids or antitubercular drugs at the time of first sampling. Pe-
ripheral blood was obtained from 27 children with tuberculous
infections (17 boys, 10 girls; age range 1–13 years, average age
5SE, ) from the Children’s Hospital G. Di Cristina, Pa-7.1 5 3.3
lermo, Italy. Although most of the cases are likely to represent
primary TB, the possibility that some cases represent reactivation
cannot be excluded. Seventeen children were affected by pulmonary
TB, 4 were affected by TB meningitis, 4 were affected by lymphatic
TB, 1 was affected by renal TB, and 1 was affected by pleural TB.
Diagnosis of TB was established by the presence of clinical symp-
toms of TB, by the positivity of the tuberculin (PPD) skin test,
and by chest radiography. In some circumstances (i.e., meningitis,
pleural TB, and renal TB) positive culture of Mtb and/or Mtb
detection by polymerase chain reaction further supported the di-
agnosis. All patients included in the study had a positive PPD skin
test.

Healthy children who were used as normal control patients were
also recruited from the Children’s Hospital G. Di Cristina, Pa-
lermo, Italy and were divided into 2 groups according to the results
of the PPD skin test. The PPD1 group consisted of 46 children (30
boys, 16 girls; age range 1–14 years; average age 5SE, ),7.1 5 4.1
and the PPD2 group consisted of 17 children (10 boys, 7 girls, age
range 3–14 years; average age 5SE, ). The PPD1 children7.2 5 3.5
were not household contacts of known TB case patients.

Tuberculin (PPD) skin tests were considered positive when the
induration diameter was larger than 5 mm at 72 h since injection
of 1 U of PPD (Statens Seruminstitut, Copenhagen, Denmark).

Synthetic peptide. The carboxy-terminal (350–369) 20mer pep-
tide of the 38-kDa protein of M. tuberculosis (p38G) of the sequence
DQVHFQPLPPAVVSKDSALI was prepared by using solid-phase/
Fmoc chemistry as described in detail elsewhere [34]. The peptide
was of 90% purity and its homogeneity was confirmed by analytical

reverse-phase high-performance liquid chromatography (HPLC),
mass spectroscopy, and amino acid composition analysis.

Purification of mycobacterial TUBAg1. TUBAg1 was obtained
from Mycobacterium fortuitum-secreted antigens. Briefly, 2.5 L of
M. fortuitum biovar fortuitum was grown for 6 weeks as velum on
Sauton’s medium. Culture medium was collected, filtered, and par-
titioned twice between chloroform and water. The water phase was
concentrated, loaded onto DEAE, and eluted with increasing con-
centrations of ammonium acetate. The 0.2 M salt fraction was
collected, dried 3 times, and separated on HPLC C18 in 0.1 M
ammonium acetate. The fractions were collected and tested for
bioactivity for the G12 clone as described elsewhere [24]. The first
active peak, eluting after 1.3 V was collected, dried, and reseparated
by mobile phase ion pair (MPIC–HPLC) by using the modified Di
Pierro’s method, as already described [35]. TUBAg1 was further
characterized by its reverse-phase time on high pH anion exchange
chromatography (HPAEC) and its sensitivity to treatment by al-
kaline phosphatase (data not shown).

Purified TUBAg1 stock concentration was estimated at around
1 mM from HPAEC conductimetric quantification by using a
method described elsewhere [36]. Bioactivity of purified TUBAg1
was titrated as usual [24] and this material was used at a 1 : 1000
dilution, giving a 1-nM final concentration in assays.

ab T lymphocyte proliferation. Peripheral blood mononuclear
cells (PBMC) were isolated from heparinized blood by centrifu-
gation on Ficoll-Hypaque (Pharmacia, Uppsala, Sweden). Cells

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/181/1/294/894567 by M

assim
o D

enaro user on 26 Septem
ber 2020



296 Dieli et al. JID 2000;181 (January)

Table 2. Vg9/Vd2 expansion factor to several different phosphoantigens in
vitro.

Children category

Vg9/Vd2 EF 5 SE after in vitro culture with

Rib-1-P Xyl-1-P IPP DMAPP TUBAg

Healthy PPD2 (n = 17)a 2 5 1 3 5 2 5 5 1 5 5 2 6 5 3
Healthy PPD1 (n = 46) 18 5 8 19 5 5 35 5 9 32 5 18 57 5 12
TB children PPD1 (n = 27) 15 5 7 24 5 14 40 5 12 32 5 9 51 5 14

NOTE. DMAPP, dimethylallylpyrophosphate; EF, expansion factor; IPP, isopenten-
ylpyrophosphate; PPD, purified protein derivative; Rib-1-P, ribose-1 phosphoantigen;
TUBAg, phosphoantigen secreted from Mycobacterium fortuitum; Xyl-1-P; xylose-1
phosphoantigen.

a when compared with the healthy subjects who tested positive (PPD1) and withP ! .01
the children with tuberculosis (TB). Differences between the healthy PPD1 group and the
TB patient group were all .P 1 .05

were cultured in RPMI 1640 medium (Gibco, Grand Island, NY)
supplemented with 10% heat-inactivated human AB serum, 2 mM
l-glutamine, 20 mM hepes, and 100 U/mL penicillin/streptomycin.
To assess ab T cell proliferation, PBMC were cultured in triplicate
at /well with PPD (Statens Seruminstitut, Copenhagen,52 3 10
Denmark) at the final concentration of 10 mg/mL, phytohemag-
glutinin (PHA) (Sigma, St. Louis, MO) at the final concentration
of 1 mg/mL, and p38G at the final concentration of 50 mg/mL.
Proliferation was set up in a final volume of 0.2 mL in 96 flat-
bottomed microtiter plates (Nunc, Copenhagen, Denmark), at 377C
in the presence of 5% CO2. Five days later, 1 mCi/well [3H]thymidine
(Amersham, Buckinghamshire, UK) was added and the cultures
were harvested 18 h later. Results are expressed as Stimulation
Indices (SIs), that is, mean counts per minute in the presence of
antigen divided by mean counts per minute in the absence of
antigen.

Monoclonal antibodies and flow cytometry. Monoclonal anti-
bodies (mAbs) specific for human surface antigens were used as
follows: anti-CD3-Quantum Red (UCHT-1, Sigma), anti-TCR ab-
PE (T10B9, PharMingen, San Diego, CA), anti-TCR gd-PE (B1.1,
PharMingen), and anti-TCR Vd2-FITC (IMMU389) and anti-Vg9
(IMMU360), both from Immunotech (Marseille, France, through
Delta Biologicals, Rome, Italy).

PBMC (106 in 100 mL PBS with 1% heat-inactivated fetal calf
serum and 0.02% Na-azide) were incubated at 47C for 30 min with
the anti-Vg9 mAb, washed, and then incubated with phycoerythrin
(PE)–conjugated secondary mAb. After further washing, Quantum
Red-conjugated anti-CD3 and FITC-conjugated anti-Vd2 mAbs
were simultaneously added. Alternatively, the cells were simulta-
neously labeled with PE-conjugated anti-ab and FITC-conjugated
anti-Vd2 mAbs. Fluorochrome-conjugated isotype-matched mAbs
were used as negative controls. After washing, the cells were sus-
pended in PBS with 1% FCS and analyzed on a FACScan flow
cytometer (Becton Dickinson, Mountain View, CA), by using for-
ward scatter/side scatter gating to select the lymphocyte population
for analysis.

Expansion of Vg9/Vd2 T cells. PBMC were isolated from hepa-
rinized blood by centrifugation on Ficoll-Hypaque and cultured at

cells/0.5 mL in medium RPMI 1640 supplemented with55 3 10
10% heat-inactivated human AB serum, 2 mM l-glutamine, 20 mM
hepes, and 100 U/mL penicillin/streptomycin. PBMC were incu-
bated with the following phosphoantigens: TUBAg1 (1 : 1000 v/v
final concentration, which corresponds to a 1-nM final concentra-

tion), ribose-1-P (Rib-1-P, Sigma, 0.5 mM final concentration),
xylose-1-P (Xyl-1-P, Sigma, 0.5 mM final concentration), dimethyl-
allylpyrophosphate (DMAPP, Sigma, 0.5 mM final concentration),
and isopentenylpyrophosphate (IPP, Sigma, 0.5 mM final concen-
tration). After 72 h, cultures were supplemented with a 0.5-mL
medium containing 20 U/mL recombinant human interleukin
(rhIL)–2, and every 72 h a 0.5-mL medium was replaced with a
0.5-mL fresh medium containing 20 U/mL rhIL-2 [37]. After 14
days, cells were washed 3 times in medium, and expansion of Vg9/
Vd2 T cells was assessed by FACS as described earlier. The absolute
number of Vd2 T cells in each culture was calculated according to
the following formula: %Vd2 1 cells before cellculture 3 total

. The Vd2 expansion factor (EF) was then calculated bycount/100
dividing the absolute number of Vd2 cells in specifically stimulated
cultures by the absolute number of Vd2 cells cultured in the absence
of any antigen.

Statistical analysis. The Mann–Whitney U-test was used to
compare responses in different groups. Values of were cho-P ! .05
sen for rejection of the null hypothesis.

Results

Lymphocyte proliferation to PPD and peptide p38G. We
examined the in vitro PBMC response of 27 PPD1 children
affected by TB, 46 healthy PPD1 children, and 17 healthy PPD2

children to PPD and p38G in vitro. The results are presented
in table 1. The response to PPD, expressed as mean counts per
minute, was similar in PPD1 healthy children and in PPD1

children with TB. In contrast, a significant difference was found
in the response to peptide p38G, whereby PPD1 children with
TB had a very low proliferation when compared with healthy
PPD1 children ( ). All children who were tested re-P ! .001
sponded equally well to PHA at all test points (i.e., before and
during chemotherapy, see table 1 and data not shown).

The response frequencies, defined by a stimulation index of
13 to PPD, were 96% for healthy PPD1 children, 86% for
children with TB, and 0% for healthy PPD2 children (table 1).
A strikingly different finding was observed when the p38G re-
sponse frequencies were analyzed: whereas 77% of the healthy
PPD1 children responded to this peptide, only 18% of the chil-
dren with TB responded to p38G and this difference was highly

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/181/1/294/894567 by M

assim
o D

enaro user on 26 Septem
ber 2020



JID 2000;181 (January) ab and gd Cells in Childhood Tuberculosis 297

Figure 2. Expansion of Vg9/Vd2 cells in peripheral blood of healthy children and those with tuberculosis (TB) who tested positive (PPD1)
or negative (PPD2) for purified protein derivative. Peripheral blood mononuclear cells (PBMC) ( cells/well) were cultured in 24-well plates55 3 10
with different phosphoantigens and interleukin-2 for 14 days and analyzed by flow cytometry. Values represent the expansion factor (EF) calculated
as described in Materials and Methods.

significant ( ). Notably, of the 5 children who responded,P ! .001
3 had the lymphatic form of TB; therefore the anergy in the
other clinical forms is even more profound. These results dem-
onstrate a peptide (p38G)-specific decreased response in vitro
in children with TB that is similar to that described previously
in adult pulmonary TB [34].

Distribution of Vg9/Vd2 T lymphocytes in the peripheral blood
of children with TB. Two- and three-color FACS analysis was
done to assess the percentage of the gd T lymphocytes and the
Vg9/Vd2 subset in the peripheral blood of children with TB,
as well as in healthy PPD1 and PPD2 children (figure 1). The
percentages of total gd and Vd2 T lymphocytes within periph-
eral blood CD31 T lymphocytes were virtually identical in the
3 tested groups: total gd cells represented about 5% and the
Vd2 subset represented 4% of the CD3 population. The absolute
number of total gd T cells present in the blood of PPD1 TB
patients ( cells/mL) was similar to that of healthy PPD178 5 39
(84536 cells/mL) and healthy PPD2 children ( cells/mL).79 5 33
Further analysis confirmed that all of the Vd2 cells coexpressed
the Vg9 chain (data not shown).

From these results, we conclude that the absolute numbers
and the percentages of total gd1 and Vd21 T lymphocytes re-
main constant in the peripheral blood of children affected by
TB when compared with healthy PPD1 and PPD2 control
patients.

Vg9/Vd2 T lymphocyte response to mycobacterial and syn-
thetic antigens. To evaluate the functional responsiveness of

Vg9/Vd2 T lymphocytes to stimulation by mycobacterial and
synthetic antigens, PBMC from children affected by TB and
from healthy PPD1 and PPD2 children were cultured with 5
different molecules known to selectively stimulate Vg9/Vd2 T
cells, and the EF was determined as described in Materials and
Methods. Prominent expansion of Vg9/Vd2 cells was observed
in PBMC from healthy PPD1 children (table 2). There was a
certain hierarchy in the expansion of Vg9/Vd2 toward the dif-
ferent antigens, with the highest EF obtained with TUBAg, the
lowest obtained with Rib-1-P and Xyl-1-P, and an intermediate
EF obtained with IPP and DMAPP. In striking contrast, very
low Vg9/Vd2 expansion was observed in PBMC from the vast
majority of healthy PPD2 children, and the EF detected with
all 5 molecules was usually 5–8-fold lower than that detected
in healthy PPD1 children. The pronounced expansion of Vg9/
Vd2 cells in PBMC from TB patients showed no significant
difference from that seen in healthy PPD1 children in response
to all tested phosphoantigens. In no case did the EF of PPD2

subjects reach the mean EF value of the PPD1 healthy subjects.
Figure 2 shows a typical cytofluorometric analysis of expansion
of Vd2 cells from 1 healthy PPD1 child and 1 healthy PPD2

child on stimulation with TUBAg. Figure 3 shows that there
was a great variability in the expansion of Vg9/Vd2 cells within
each single group of children (i.e., healthy PPD2, healthy PPD1,
and TB patients PPD1).

Effect of chemotherapy on ab and gd T cell responses. The
ab and gd responses were retested in 16 PPD1 children, halfway
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Figure 3. Cytofluorimetric analysis of Vd2 cells in peripheral blood mononuclear cells (PBMC) from 1 healthy subject who tested positive
(PPD1) and 1 who tested negative (PPD2) for purified protein derivative after in vitro culture with phosphoantigen secreted from Mycobacterium
fortuitum (TUBAg) or medium alone. PBMC ( cells/well) were cultured in 24-well plates with medium alone or with TUBAg and interleukin-55 3 10
2 for 14 days and analyzed by flow cytometry. Histograms show the percentage of cells expressing Vd2, and dot plots show the percentage of ab

and Vd2 cells. A, Results obtained from 1 healthy PPD1 child. B, Results obtained from 1 healthy PPD2 child.

(∼4 months) through chemotherapy. The stimulation indices
reflecting ab T cell responses increased after treatment in re-
sponse to PPD in 14 of 16 children, and responses to p38G
consistently increased in 16 of 16 children (figure 4A, 4B). In
striking contrast, the gd T cell response to Rib-1-P and TUBAg
strongly decreased during treatment (figure 4C, 4D). This was
not a result of modification of Vg9/Vd2 cells, because their
percentages remained unchanged after chemotherapy (4.0 5

before therapy vs. after therapy). Similarly, the0.5 3.8 5 0.4
absolute number of circulating gd cells also was not substan-
tially modified by chemotherapy ( cells/mL vs.78 5 39 71 5

cells/mL in TB patients and cells/mL versus25 84 5 36 77 5

cells/mL in healthy PPD1 children). However, no significant30
correlation was detected between the increase in the PPD and
p38G responses and the decrease in the gd responses to Rib-
1-P and TUBAg (data not shown).

Discussion

The majority of individuals, on exposure to Mtb, develop
protective immunity and successfully contain the primary in-
fection. Numerous studies in murine models have shown that
T cells play a crucial role in establishing the protective immune
response to Mtb. The key process has been attributed to the
interaction of CD4 and CD8 ab T cells with macrophages in
controlling mycobacterial growth, but recent studies in humans

as well as in mice suggest that gd T cells may play an important,
yet poorly defined, role in the initial immune response to Mtb
[10–16, 38].

The present study was designed to examine the ab and gd

T cell responses in child TB. Because the tested population was
not previously vaccinated with BCG, it is important to consider
that the observed data in both PPD1 healthy and active TB
case patients can be probably be attributed to infection with
pathogenic Mtb. The proliferative responses of PBMC to PPD
and p38G in vitro were used as a parameter of ab T cell activity.
The response to PPD showed no difference between healthy
PPD1 children and TB patients. In contrast, the majority (77%)
of healthy PPD1 children responded to p38G in vitro, whereas
responses to this peptide were detected in only 5 of 27 children
with TB (18%). These results agree with the findings of a pre-
vious report that described the selective anergy to p38G in adult
TB patients [34]. In that study, anergy to p38G occurred in
patients with pulmonary (90% nonresponders) and nonlym-
phatic extrapulmonary (75% nonresponders) TB, whereas pa-
tients with lymphatic TB responded to p38G as well as healthy
PPD1 control subjects did [34]. It is noteworthy that 3 of the
5 children with TB who were responsive to p38G were affected
by lymphatic TB. Furthermore, both PPD and p38G responses
increased after chemotherapy. The cause of diminished ab T
cell response in untreated active TB is probably multifactorial,
with compartmentalization at the site of disease [39, 40], pro-
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Figure 4. Changes in cellular responses of children with tuberculosis (TB) after 4 months of chemotherapy. Proliferative response to purified
protein derivative (PPD) (A) and p38G (B), and expansion of Vg9/Vd2 cells to phosphoantigen secreted from Mycobacterium fortuitum (TUBAg)
(C) and ribose-1 phosphoantigen (Rib-1-P) (D).

duction of suppressive cytokines such as interleukin (IL)–10 or
TGF-b [41], and defective antigen presentation [42] all
contributing.

Consistent with previous analysis of gd T lymphocytes in TB
patients [27–30], the frequency of the whole gd T cell popula-
tion, as well as that of the Vg9/Vd2 subset, in the blood of
children with TB was similar to the values obtained for both
PPD1 and PPD2 healthy children. These results agree with the

reported lack of modification in the percentage of gd cells
[27–30], but not with those reporting their increased frequency
in the peripheral blood of adult TB patients [25, 26]. However,
it should be noted that, in one of those studies, particularly
low levels of peripheral gd cells were reported in control subjects
(i.e., ) [25], and the other study concerned patients1.7 5 0.9%
affected by tuberculous pleuritis [26] rather than the pulmonary
form of TB.
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Vg9/Vd2 T cells are not predominant in human peripheral
blood at birth. Rather, their number increases from birth and
peaks at about 7 years. The expansion of Vg9/Vd2 T cells during
the first few years of life may be the result of peripheral antigen-
driven expansion, because it occurs in the absence of a parallel
thymic wave [43]. Primary in vitro culture of PBMC with a
crude sonicate of Mtb results in a preferential expansion of
Vg9/Vd2 T cells, not only in individuals with no prior exposure
to Mtb, but also in children and in newborns (umbilical cord
blood), suggesting that the Vg9/Vd2 T cell response to Mtb
does not require prior exposure to this microorganism [reviewed
in 44].

We found that Vg9/Vd2 cells from children with TB re-
sponded to 5 different phosphoantigens known to selectively
expand this T cell subset, to an extent similar to that detected
in healthy PPD1 children. Notably, the expansion of Vg9/Vd2
T cells consistently decreased after therapy. This confirms our
initial observations in a smaller group of children affected by
pulmonary TB [45]. It would be of interest to investigate
whether this reversal could be used to measure the efficacy of
chemotherapy and even of chemoprophylaxis. Another point
of interest is that Vg9/Vd2 expansion in vitro may be induced
by a number of different Mtb antigens in vivo. In fact, there
is considerable junctional heterogeneity among Vg9/Vd2 cells
[46, 47], and some TCR combining sites could confer stronger
reactivity than others.

The reduction of Vg9/Vd2 cell expansion observed after drug
treatment is attributable to the reduction in the viable bacterial
load. Because gd cells apparently lack long-lasting memory,
their expansion by phosphoantigens in vitro will sharply de-
cline, whereas primed ab T cells that do have a long-lasting
memory will retain their ability to proliferate in response to
PPD or relevant peptides. The gd T cells apparently require
priming in vivo to expand in the presence of mycobacterial
phosphoantigens in vitro. This contention agrees with a pre-
vious study that reported larger in vitro Mtb-stimulated ex-
pansion of gd T cells in PPD1 subjects (tuberculin reactors,
tuberculous pleuritis) than that in healthy PPD2 subjects [29].
Furthermore, a significant increase of the Vg9/Vd2 T cell re-
sponse to IPP in vitro after BCG vaccination also suggests that
Vg9/Vd2 T cells have a memory-like response [48].

In contrast with our data, a selective loss of the Vd2 subset
was reported in the peripheral blood and lungs of adult TB
patients, and the remaining Vd2 cells were anergic in response
to Mtb antigens [31]. However, that study did inform whether
the testing was done before or during chemotherapy, a treat-
ment that had a striking effect on gd T cell response in this
study. Furthermore, these studies used only the indiscrimina-
tory whole Mtb for stimulation of gd cells. Mtb activates gd

cells aided by IL-2 released from CD41 ab1 cells [20]; therefore,
the levels of gd cell expansion will reflect the extent of ab cell
activation. Hence, the apparent anergy to Mtb of Vg9 cells in
HIV-infected individuals is due to CD4 Th1 cell deficiency and

is completely restored by addition of exogenous IL-2 [49]. The
natural, mycobacterial (TUBAg) and synthetic phosphoanti-
gens used in our study do not activate CD41 ab1 cells. There-
fore, our results give a more reliable direct measure of Vg9/
Vd2 T cell response. However, as expansion of Vg9/Vd2 cells
was done from whole PBMC, we cannot exclude the possibility
that other cells contributed to their activation. In this context,
a key role might be played by macrophages and macrophage-
derived IL-12, which is important for gd T cell activation [50].
Because macrophages from healthy or TB PPD1 children pro-
duce more IL-12 than do macrophages from healthy PPD2

subjects ([51] and our unpublished observation), the increased
IL-12 production might support Vg9/Vd2 T cell activation in
vivo and contribute to their expansion by phosphoantigens in
vitro.

Our results provide new information about ab and gd T cell
responses during primary Mtb infection and active TB in chil-
dren. Further definition of the cytokine profiles and effector
functions of the Vg9/Vd2 cells is necessary to improve our un-
derstanding of their potential role in host resistance against
mycobacterial disease. Although the selective anergy of ab T
cell proliferation to PPD and to p38G would at least to some
extent discriminate between self-healing infection and active
disease, the response of Vg9/Vd2 T cells to phosphoantigens
may sensitively monitor the response to chemotherapy. Con-
sidering the presently very poor laboratory support for the
diagnosis and management of childhood TB, further studies
with large numbers of subjects are required to define the clinical
value of such assays.
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1. Sniderà DE, Raviglione M, Kochi A. Global burden of tuberculosis. In:
Bloom BR. Tuberculosis: pathogenesis, protection and control. Washing-
ton DC: ASM Press, 1994:3–10.

2. Mackaness GB. The influence of immunologically committed lymphoid cells
on macrophage activity in vivo. J Exp Med 1969;129:973–8.

3. North RJ. T cell dependence of macrophage activation and mobilisation
during infection with Mycobacterium tuberculosis. Infect Immun 1974;10:
66–71.

4. Kaufmann SH. In vitro analysis of the cellular mechanisms involved in im-
munity to tuberculosis. Rev Infect Dis 1989;11(Suppl 2):S448–54.

5. Selwyn PA, Hartel D, Lewis VA, et al. A prospective study of the risk of
tuberculosis among intravenous drug users with human immunodeficiency
virus infection. New Engl J Med 1989;320:545.

6. Hahn H, Kaufmann SHE. The role of cell-mediated immunity in bacteria
infections. Rev Infect Dis 1981;3:1221–50.

7. Rook GA, Champion BR, Steele J, Varey AM, Stanford JL. I-A restricted
activation by T cell lines of anti-tuberculosis activity in murine macro-
phages. Clin Exp Immunol 1985;59:414–20.

8. Dannenberg AM. Immune mechanisms in the pathogenesis of pulmonary
tuberculosis. Rev Infect Dis 1989;11(Suppl 2):S369–78.

9. Augustin A, Kubo RT, Sim GK. Resident pulmonary lymphocytes expressing
the g/d T cell receptor. Nature 1989;340:239–41.

10. Ladel CH, Blum C, Dreher A, Reifenberg K, Kaufmann SHE. Protective
role of g/d T cells and a/b T cells in tuberculosis. Eur J Immunol 1995;
25:2877–81.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/181/1/294/894567 by M

assim
o D

enaro user on 26 Septem
ber 2020



JID 2000;181 (January) ab and gd Cells in Childhood Tuberculosis 301

11. Saunders BM, Frank AA, Cooper AM, Orme IM. Role of gd T cells in
immunopathology of pulmonary Mycobacterium avium infection in mice.
Infect Immun 1998;66:5508–14.

12. Kabelitz D, Bender A, Shondelmaier S, Schoel B, Kaufmann SHE. A large
fraction of human peripheral blood g/d T cells is activated by Mycobac-
terium tuberculosis but not by its 65-KD heat shock protein. J Exp Med
1990;171:667–79.

13. Kabelitz D, Bender A, Prospero T, Wesselborg S, Janssen O, Pechold K. The
primary response of human g/d T cells to Mycobacterium tuberculosis is
restricted to Vg9-bearing cells. J Exp Med 1991;173:1331–8.

14. Haregewoin A, Soman G, Hom RC, Finberg RW. Human gd T cells respond
to mycobacterial heat shock protein. Nature 1989;340:309–11.

15. Munk ME, Schoel B, Modrow A, et al. T lymphocytes from healthy indi-
viduals with specificity to self-epitopes shared by mycobacterial and hu-
man 65-kilodalton heat shock protein. J Immunol 1989;143:2844–9.

16. Boom WH, Chervenak KA, Mincek MA, Ellner JJ. Role of the mononuclear
phagocyte as an antigen-presenting cell for human gd T cells activated
by live Mycobacterium tuberculosis. Infect Immun 1992;60:3480–8.

17. Lefranc MP, Forster A, Baer R, Stinson MA, Rabbitts TH. Diversity and
rearrangement of the human T cell rearranging g genes: nine germline
variable genes belonging to two subgroups. Cell 1986;45:237–46.

18. De Libero G, Casorati G, Giachino C, et al. Selection by two powerful
antigens may account for the presence of the major population of human
peripheral g/d T cells. J Exp Med 1991;173:1311–22.

19. Panchamoorty G, McLean J, Modlin RL, et al. A predominance of the Vg2/
d2 subset in human mycobacteria-responsive T cells suggests germline
gene encoded recognition. J Immunol 1991;147:3360–9.

20. Pechold K, Wesch D, Schondelmaier S, Kabelitz D. Primary activation of
Vg9-expressing gd T cells by Mycobacterium tuberculosis: requirement for
Th1-type CD4 T cell help and inhibition by IL-10. J Immunol 1994;152:
4984–91.

21. Pfeffer K, Shoel B, Gulle H, Kaufmann SHE, Wagner H. Primary responses
of human T cells to mycobacteria: a frequent set of g/d T cells are stim-
ulated by protease-resistant ligands. Eur J Immunol 1990;20:1175–9.

22. Tanaka Y, Sano S, Nieves E, et al. Nonpeptide ligands for human gd T cells.
Proc Natl Acad Sci USA 1994;91:8175–9.

23. Schoel B, Sprenger S, Kaufmann SHE. Phosphate is essential for stimulation
of Vg9 Vd2 T lymphocytes by mycobacterial low molecular weight ligand.
Eur J Immunol 1994;24:1886–92.

24. Constant P, Davodeau F, Peyrat MA, et al. Stimulation of human gd T cells
by nonpeptide mycobacterial ligands. Science 1994;264:267–70.

25. Ito M, Kojiro N, Ikeda T, Ito T, Funada J, Kokubu T. Increased proportions
of peripheral blood gd T cells in patients with pulmonary tuberculosis.
Chest 1992;102:195–8.

26. Balbi B, Valle MT, Oddera S, et al. T-lymphocytes with gd Vd2 antigen
receptors are present in increased proportions in a fraction of patients
with tuberculosis or with sarcoidosis. Am Rev Respir Dis 1993;148:
1685–90.

27. Tazi A, Fajac I, Soler P, Valeyre D, Battesti JP, Hance AJ. Gamma/delta T-
lymphocytes are not increased in number in granulomatous lesions of
patients with tuberculosis and sarcoidosis. Am Rev Respir Dis 1991;144:
1373–6.

28. Tazi A, Bouchonnet F, Valeyre D, Cadranel J, Battesti JP, Hance AJ. Char-
acterisation of g/d T-lymphocytes in the peripheral blood of patients with
active tuberculosis. Am Rev Respir Dis 1992;146:1216–21.

29. Barnes PF, Grisso CL, Abrams JS, Band H, Rea TH, Modlin RL. gd T
lymphocytes in human tuberculosis. J Infect Dis 1992;165:506–12.

30. Ueta C, Tsuyuguchi I, Kawasumi H, Takashima T, Toba H, Kishimoto S.
Increase of g/d T cells in hospital workers who are in close contact with
tuberculosis patients. Infect Immun 1994;62:5434–41.

31. Li B, Rossman MD, Imir T, et al. Disease-specific changes in gd T cell

repertoire and function in patients with pulmonary tuberculosis. J Im-
munol 1996;157:4222–9.

32. Bothamley G, Udani P, Rudd R, Festenstein F, Ivanyi J. Humoral response
to defined epitopes of tubercle bacilli in adult pulmonary and child tu-
berculosis. Eur J Clin Microbiol Infect Dis 1988;7:639–45.

33. Miller JWF, ed. Tuberculosis in children. Edinburgh: Churchill Livingstone,
1981.

34. Vordermeier HM, Harris DP, Friscia G, et al. T cell repertoire in tuberculosis:
selective anergy to an immunodominant epitope of the 38-kDa antigen
in patients with active disease. Eur J Immunol 1992;22:2631–7.

35. Behr C, Poupot R, Peyrat MA, et al. Plasmodium falciparum stimuli for
human gd T cells are related to phosphorylated antigens of mycobacteria.
Infect Immun 1996;64:2892–6.

36. Poquet Y, Constant P, Peyrat MA, et al. High-pH anion-exchange chro-
matographic analysis of phosphorylated compounds: application to iso-
lation and characterization of nonpeptide mycobacterial antigens. Anal
Biochem 1996;243:119–25.
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