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Cord blood T lymphocytes proliferated in vitro in response to mycobacterial organisms but did not
proliferate in the presence of tuberculin purified protein derivative. Components recognized by cord blood T
cells were resistant to protease digestion. In contrast, T lymphocytes derived from tuberculin-positive adult
peripheral blood proliferated when stimulated by the protease-sensitive component of mycobacterial organisms
or purified protein derivative, confirming that adult T cells respond to protein components whereas cord blood
T cells respond to the nonpeptide component of mycobacteria. In vitro culture of cord blood lymphocytes
stimulated by either mycobacterial lysates or the lipid fraction showed increases in the numbers of T-cell
receptor (TcR) -y/6 T lymphocytes with no changes in the numbers of TcR aLlp T lymphocytes in contrast to the
in vitro cultures of adult blood lymphocytes stimulated with mycobacterial ligands in which no increase of TcR
,y/8 cells was observed. Interleukin-2 receptor (CD25) and Ia antigen (HLA-DR) analyses evidenced the
activation of a large proportion of cord blood y/8 T cells which had increased after stimulation with
mycobacteria in vitro. Further characterization of mycobacterial ligand suggested that the lipid fraction of
mycobacterial lysate or trehalose dimycolate-cord factor was the most plausible cause for T-cell proliferation
in cord blood. These results suggest that when the y/8 T cells in a newborn infant not yet sensitized to any
pathogenic organisms are confronted by a mycobacterium, they respond nonspecifically to the mycobacterial
organism or its lipid component (cord factor). y/8 T cells may therefore play a distinct role in forming the first
line of the host defense system against certain microorganisms.

Protective immunity against microbial organisms is medi-
ated by both humoral and cellular immunity. During the
newborn period in humans, immunoglobulin G antibodies
which are passively transferred into the fetus from the
mother through the placenta play an important role in
protective immunity. To date, no evidence of passive trans-
fer of lymphocytes from the mother to the fetus via the
placenta has been reported, making cord blood lymphocytes
the logical choice for investigating the cellular mechanism of
the first line of the host defense against various pathogenic
microorganisms in humans.

Protective immunity against mycobacteria, which are in-
tracellular pathogens, is dependent on antigen-specific T
lymphocytes. Most T cells recognize foreign antigenic pep-
tides bound to major histocompatibility complex (MHC)
class I or class II molecules via a T-cell receptor (TcR) that
is composed of a and chains (23). Recently, a small
subpopulation of T cells was found to bear a distinct TcR
composed of y and 8 subunits (5, 12, 15). In humans, -y/8 T
cells account for 1 to 5% of adult peripheral blood T cells,
whereas they are almost nonexistent in the cord blood of
newborn infants (25).
The nature of the specificity and immunologic functions of

the -y/8 T cells remains unclear. Because of the relatively
small number of V8, J8, V-y, and J-y segments present in the
human genome, there is perhaps only a limited diversity for
TcR y/y molecules in contrast to the situation for a/,13 T cells
(9). Recently, evidence of -y/8 T cells playing a role in the
immune response to mycobacteria has been reported by
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several groups. In humans, y/8 T-cell lines reactive with
mycobacterial antigen and tuberculin purified protein deriv-
ative (PPD) have been generated from the synovial fluid of a
rheumatoid arthritis patient (11, 26), leprosy skin lesions
(16), and a healthy individual immune to PPD (10). In mice,
-y/8 T cells have been shown to accumulate in draining lymph
nodes of mice immunized with Mycobacterium tuberculosis
(13). Recently, Yoshikai et al. reported an increase in the
number of -y/8 T cells in athymic nude mice treated with
complete Freund's adjuvant (29).

Several papers reported that a bacterial heat shock protein
of 65 kDa was identified as a ligand for the yl5 T cell (1, 13,
19). On the other hand, Kabelitz et al. (14) and Pfeffer et al.
(22) reported that in human peripheral blood T cells, a

frequent set of fy/8 T cells are stimulated by the protease-
resistant components of M. tuberculosis but not by its
65-kDa heat shock protein.

In the present study, we demonstrated that the cord blood
of newborn infants contains fy/8 T cells which proliferate in
vitro upon stimulation with either heat-killed mycobacterial
organisms or their lipid fractions and far less with tuberculin
PPD. Active mycobacterial components are resistant to
protease digestion. Trehalose 6,6'-dimycolate, one of the
mycobacterial cell wall components and well known as a
toxic glycolipid cord factor, is a most plausible ligand for y/8
T cells in cord blood. Cord factor is a common constituent of
the cell walls of bacteria belonging to the order Actinomy-
cetales, such as Mycobacterium, Nocardia, and Rhodoco-
ccus spp. (8). It is suggested that -y/8 T cells may participate
in immune surveillance at the early stage of life as a first line
of defense against the invasion of various pathogens, includ-
ing mycobacteria.
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TABLE 1. In vitro proliferative responses of PBMC and CBMC

[3H]thymidine incorporation (103 cpm)'
Stimulator (concn)

PBMC (n = 8) CBMC (n = 10)

Medium 0.5 ± 0.1 (1.0) 1.1 ± 0.2 (1.0)
Mycobacterial lysate (10 ,ug/ml) 7.5 ± 0.4b (18.1 ± 6.8)c 8.4 ± 1.1C (8.9 ± 1.5)c
Lipid fraction (10Ox dilution) 0.5 ± 0.1 (1.2 ± 0.2) 4.1 ± 0.6c (4.3 ± 0.8)c
PPD (10 p.g/ml) 20.2 ± 0.6c (44.9 ± 10.1)c 1.5 ± 0.3 (1.5 ± 0.3)

a Numbers in parentheses are the SI (cpm in stimulator/cpm in medium, where cpm is counts per minute).
b p < 0.05 compared with culture in medium.
' P < 0.01 compared with culture in medium.

MATERIALS AND METHODS

Antigens. Mycobacterium avium organisms (ATTC 15769,
serovar 16) were provided by Kobayashi Pharmaceutical Co.
Ltd., Osaka, Japan. They were treated at 60°C for 2 h before
use. Stock suspensions of 10 mglml in physiological saline
were sonicated, kept at -20°C, and then diluted in RPMI
1640 medium for use. The lipid component was extracted in
chloroform-methanol (2:1) as described by Bligh and Dyer
(2). Finally, lipid extract from 2.0 g of dried M. avium was
suspended in 10 ml of chloroform-methanol. This suspension
was chosen as the original dilution and used in the culture
after having been diluted in methanol to the concentrations
mentioned in Results. Various glycolipids from Nocardia
rubra were obtained by the method described by Yano et al.
(28). The lipids were extracted from cultured and harvested
N. rubra 1311 with chloroform-methanol and developed on
thin-layer plates of silica gel G (Analtech Inc., Newark, Del.)
with the solvent system chloroform-methanol-acetone-acetic
acid (90:10:6:1 by volume). Each glycolipid was recovered
from the gels with chloroform-methanol (2:1 by volume), and
the purification procedure was repeated until a single spot
was obtained. Each purified glycolipid was chemically iden-
tified by several analytical procedures. Finally, three prep-
arations were obtained; trehalose dimycolate (TDM), man-
nose monomycolate (MM) and glucose monomycolate
(GM). PPD of tuberculin from culture filtrates of M. tuber-
culosis was obtained from the Institute for Microbial Dis-
eases, Osaka University, Osaka, Japan. Proteolytic diges-
tion of mycobacterial lysate and PPD was performed by the
method described by K. Pfeffer et al. (22). Mycobacterial
lysate was incubated with 25 ,ug of proteinase K (Sigma) for
15 min at 37°C and then heated to 60°C for 15 min. The same
incubation procedure was used for PPD (1 mglml, pH 7.5).
This procedure was repeated twice, incubating the sample
with freshly added proteinase K for another 15 min and then
for 60 min at 37°C. Proteinase K digests were subsequently
treated with 100 ,ug of pronase (Sigma) solubilized in 50 mM
NaH2PO4 (pH 6.5) for 90 min at 25°C.
Mononuclear cell separation and preparation of T cells and

monocytes. Cord blood samples from umbilical cords were
obtained with a heparin-coated syringe at delivery. All
babies were born of healthy, tuberculin skin test-positive
mothers. Cord blood mononuclear cells (CBMC) were iso-
lated by the Ficoll-Hypaque method, as described previ-
ously (24). Peripheral blood mononuclear cells (PBMC) from
tuberculin-positive, healthy volunteers were obtained from
heparinized venous blood by a similar method with Ficoll-
Hypaque. The resultant mononuclear-cell suspension was
separated into adherent and nonadherent cells as follows. A
5-ml sample of 2 x 106 PBMC per ml of RPMI 1640 medium
supplemented with 10% fetal calf serum (M. A. Bioproducts,
Walkersville, Md.) was placed in a plastic petri dish (60 by 15

mm; Kotai Kagaku Co. Ltd., Tokyo, Japan) and incubated
at 37°C in 7.5% CO2 in air for 2 h. Adherent cells were then
extensively washed and were removed by adding 3 ml of
cold EDTA solution and further incubating the dish at 4°C
for 30 min. Adherent cells thus prepared were used as
monocytes. In the experiments in which monocytes were
added into T-cell proliferation culture, previously irradiated
(2,000 rads) monocytes were used. T cells were obtained by
passing nonadherent cells through a nylon wool column as
described previously (27). The cellular compositions of
monocytes and T cells thus prepared were examined by
fluorescence-activated cell sorter analysis. The monocyte
population contained more than 95% LeuM3+ cells. The
T-cell population contained less than 0.5% LeuM3+ and
more than 85% Leu4+ cells.

Generation of monocyte culture supernatant. Adherent
mononuclear cells (1.0 x 106/ml) were cultured in the
presence of mycobacterial lipid (100x dilutions). After 24 h,
the supernatants were collected, sterile filtered, and frozen
until assay for T-cell mitogenic activity.

Immunofluorescence staining and two-color analysis of
mononuclear cells. Immunofluorescence analysis was per-
formed by using FACScan (Becton Dickinson and Co.,
Mountain View, Calif.). Cells were stained either with
phycoerythrin (PE)-coupled anti-Leu4 (CD3; Becton Dick-
inson) plus fluorescein isothiocyanate-conjugated anti-TcR
-y/8-l (Becton Dickinson) or with anti-Leu4 (anti-CD3) plus
anti-TcR-1 (xa/, WT31; Becton Dickinson) for 30 min at 4°C
and then washed twice. Anti-TcR -y/8-1 monoclonal antibody
was shown to react with the human TcR -y/8 framework.
Data were presented as two-dimensional contour maps. To
obtain the subpopulation percentage, total counts were
integrated in selected areas of contour plots.

In vitro assay of proliferative response. Mononuclear cells
were cultured at a density of 2.5 x 104 cells per ml in
flat-bottomed tissue culture plates (Microtest II, Falcon no.
3000) with an appropriate concentration of antigens or lipid
samples. The culture medium used was RPMI 1640 supple-
mented with 10% pooled human serum, 100 U of penicillin
per ml, and 100 ,ug of streptomycin per ml. Cultures were
maintained in humidified 7.5% CO2 in air at 37°C. Eighteen
hours before culture termination, 0.2 ,.Ci of [3H]thymidine
was added to each well. At the end of culture, the cells were
harvested and washed with a semiautomated microharvester
(Laboscience Co. Ltd., Tokyo, Japan), and then [3H]thymi-
dine incorporation was evaluated. Each determination was
performed in triplicate, and the data were expressed as
counts per minute + standard error of the mean. In the
experiment to evaluate the effect of anti-HLA-DR monoclo-
nal antibody on the mycobacterial-ligand-stimulated in vitro
proliferative responses of mononuclear cells, appropriately
diluted monoclonal antibody (anti-HLA class II, immuno-
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FIG. 1. Two-color cytometric analysis of CD3 and TcR y/8 cells on CBMC after in vitro stimulation with mycobacterial lysate, lipid
fraction, and PPD. The CBMC were stained with PE-conjugated anti-CD3 plus fluorescein isothiocyanate-conjugated anti-TcR 81 monoclonal
antibodies.

globulin G2b; Cosmo Bio Co., Ltd., Tokyo, Japan) was
added to the culture at the initiation of cultivation.
Assay of cell viability. At the time of harvest, the cells in

the culture were diluted and gently suspended in eosin-Y
solutions (final concentration, 0.2%), the total number was
determined, and the percentage of viable cells was deter-
mined. At least 200 cells were examined in each culture.

Statistical analysis. Experimental data were expressed as
mean ± standard error of the mean. The significance of the
difference between groups was calculated by Student's t
test. Computer-assisted evaluation of the results was used to
calculate the probability value in the data. A P of 0.05 was
used as the limit of statistical significance.

RESULTS

In vitro proliferative responses of mononuclear cells to
mycobacterial stimulation. CBMC and PBMC were cultured
in vitro for 6 days together with various concentrations of
whole mycobacterial lysates, lipid fractions, or PPD, and the
extent of proliferation was then assessed by measuring the
radioactivity of [3H]thymidine incorporated into the cultured
cells. From the kinetic and dose-response studies, in vitro
culture was carried out for 6 days at a concentration of 10 ,ug
of mycobacterial lysate per ml, 100 dilutions of lipid, or 10
,ug of PPD per ml. As shown in Table 1, CBMC proliferated
in vitro in response to mycobacterial lysates and their lipid
fractions and far less in response to PPD. The stimulation
indexes (SI) were 8.9 + 1.5 with mycobacterial lysates, 4.3

+ 0.8 with lipid fractions, and 1.5 + 0.3 with PPD. In one
CBMC subject of the 10 examined, a significantly high
response to PPD stimulation was observed (Acpm, 13,400;
SI, 12.1). PBMC, on the other hand, proliferated in vitro
when stimulated by the mycobacterial lysates (SI, 18.1 +

6.8) and PPD (SI, 44.9 + 10.1) but did not respond to lipid
fraction (SI, 1.2 + 0.2). The viability of cultured cells in
CBMC and PBMC was as follows: 80 and 80% in control
cultures, 83 and 85% in mycobacterial lysates, 75 and 78% in
lipid, and 85 and 83% in PPD cultures, respectively.
Phenotype characterization of mycobacterium-stimulated T

cells. The phenotypes of the mycobacterium-stimulated cord
blood T cells were analyzed by using two-color flow cytom-
etry. Cultured cells were stained with both PE-coupled
anti-CD3 and either fluorescein isothiocyanate-coupled anti-
TcR y/8-1 or anti-TcR aI, lymphocytes. A representative
two-color analysis is shown in Fig. 1, and the summarized
data are shown in Table 2. The data are expressed as the
percentage of TcR -y/l1l or TcR ot/I3 cells in relation to total
CD3+ cells after in vitro culture with various stimulants. The
percentages of TcR -y/8-l cells in CD3+ cells were in-
creased in vitro in CBMC after stimulation with either
mycobacterial lysates or lipid fraction; however, the PBMC
percentages did not change. Two-color analysis also showed
that the y/8 T cells which increased in number in CBMC after
in vitro stimulation with mycobacterial lysates expressed
interleukin 2 receptor (CD25) and/or Ta antigen (HLA-DR),
suggesting that these y/8 T cells were activated T cells (Table
3). On the other hand, no such increase in the frequency of

TABLE 2. Percentage of ot/a and -y/b T cells in PBMC and CBMC after in vitro stimulation with mycobacterial ligands

% positive cells in CD3+ cells

Stimulator (concn) PBMC (n = 7) CBMC (n = 8)

al/ a/83i y/b

Medium 86.9 + 2.4 6.2 1.4 91.9 1.1 2.1 0.4
Mycobacterial lysate (10 p.g/ml) 78.8 4.0 5.3 1.2 78.9 + 3.2a 10.7 + 2.1a
Lipid fraction (10Ox dilution) 85.5 11.0 7.8 + 2.2 68.4 5 .3a 8.1 + 1.4b
PPD (10 ,ug/ml) 77.9 + 5.3 3.8 0.3 89.6 1.2 3.3 0.6

a P 0.01 compared with culture in medium.

b p 0.05 compared with culture in medium.
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TABLE 3. CD25+ and HLA-DR+ TcR -yl8- and a/p-bearing
T cells in cord blood after in vitro stimulation with

mycobacterial lysate or PPD tuberculin

% Positive cells % Positive cells
Stimulatora in y/b T cells in al/ T cells
(concn)

CD25+ HLA-DR+ CD25+ HLA-DR+

Medium 14.3 11.3 11.3 5.5
Mycobacterial lysate 38.3 51.2 19.8 8.3

(10 ,ug/ml)
PPD (10 p.gIml) 12.6 15.5 13.3 5.7

a Cells were cultured for 2 days in vitro with stimulator.

CD25- or HLA-DR-bearing a/P T cells was observed in
CBMC after stimulation with mycobacterial lysates.

Protease treatment of mycobacterial ligands stimulating
CBMC. Mycobacterial lysates and PPD were treated with
proteinase K and pronase and later used to stimulate CBMC
and PBMC. As shown in Table 4, after being treated with
protease, mycobacterial lysates and PPD lost their abilities
to stimulate PBMC. On the other hand, the CBMC which
responded to mycobacterial lysate still gave a significant
response to protease-digested mycobacterial lysates. These
results indicate that PBMC responded to peptides involved
in both mycobacterial lysates and PPD preparations,
whereas CBMC responded to a nonpeptide component in
mycobacterial lysate, the candidate probably being carbohy-
drate or lipid. PPD preparation contains both carbohydrate
and protein. In the present study, PPD, whether protease
treated or not treated, had no stimulatory effect on cord
blood T cells.

Stimulation of cord blood lymphocytes by mycobacterial
cord factor. The data mentioned above suggested that the
stimulatory agent contained within the mycobacterium is not
a peptide and that this agent may possibly be retained in the
lipid fraction. Therefore, our next step was to ascertain
whether or not the cord factor was able to stimulate CBMC
or -yl5 T cells in CBMC. We examined the stimulating
activity of cord factor-TDM and several other mycoloyl
glycolipids which differ in their carbohydrate moiety. As
shown in Fig. 2, both trehalose TDM and GM sufficiently
stimulated the CBMC to proliferate in vitro, whereas MM
showed no significant activity. In contrast, neither TDM nor
GM stimulated PBMC to proliferate. The mode of action of
TDM and GM paralleled the mode of action of lipid frac-
tions, as described above. The percentages ofTcR ry/l+ cells
in CD3+ cells were also increased in vitro after stimulation
with either TDM or GM but not with MM, which parallels

TABLE 4. Effect of protease treatment of mycobacterial ligands
on stimulation of PBMC and CBMC

[3HJthymidine incorporation
Treatment (103 cpm ± SE)

PBMC CBMC

Medium 0.2 ± 0.0 0.9 ± 0.1
Mycobacterial lysate

Nontreated 7.5 ± 0.3 7.3 ± 0.6
Protease treated 0.9 ± 0.2 7.2 ± 1.1

PPD
Nontreated 23.7 ± 1.7 1.3 ± 0.1
Protease treated 1.1 ± 0.5 1.3 ± 0.0

the proliferative responses of CBMC to stimulation with
these glycolipids (data not shown).
Requirement for adherent cells in mycobacterium-stimu-

lated in vitro proliferation of cord blood T cells. To see
whether accessory cells are required in CBMC proliferation
in vitro in response to mycobacterial lysates and lipid
fraction and to cord factor-TDM stimulation, we next carried
out adherent-cell depletion and cell-mixing experiments with
T cells. Nonadherent, nylon wool column-passed cord blood
T cells were cultured in the presence of autologous adherent
cells and stimulated with either mycobacterial lysates or
lipid fraction. A representative result from three indepen-
dent experiments is shown in Table 5. Cord blood T cells
alone did not respond at all to stimulation with either
mycobacterial lysates or lipid fraction. The response of T
cells was restored by the addition of adherent cells. These
results show that T cells were responsible for the mycobac-
terium-induced proliferative response observed in CBMC
and that adherent cells were essential for T cells to respond
to lipid fraction and to mycobacterial lysates.
The possibility of involvement of HLA class II antigen is

small, since the addition of anti-HLA-DR monoclonal anti-
body caused no significant suppression of CBMC response
to mycobacterial lysate and lipid stimulation. This was in
contrast to the significant suppression noted in the PBMC
response to PPD. A representative result is shown in Table
6.

In vitro proliferation of cord blood T cells in the presence of
lipid-stimulated-monocyte culture supernatant. Finally, we
tried to discover whether the stimulatory action of mycobac-
teria on cord blood T cells is brought about by a soluble
factor(s) from monocytes cocultured with mycobacterial
lipid fraction. Figure 3 shows that culture supernatants
obtained from adherent cells cocultured for 24 h with lipid
fraction were capable of stimulating cord blood T cells.
Supernatants of monocytes cultured in the absence of lipid
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the presence of various dilutions of TDM, MM, or GM. The extent
of cell proliferation was assessed by measuring the radioactivity of
[3H]thymidine incorporated into the cultured cells.
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TABLE 5. Requirement for adherent cells in in vitro proliferation of cord blood T cells in response to mycobacterial ligands

[3HJthymidine incorporation (102 cpm ± SE)
Type of cells Mycobacterial lysate Lipid fraction TDM (1OOx PPD (10

Medium (10 ,g/ml) (100x dilution) dilution) ±Lg/ml)
CBMC 7.3 + 0.5 61.9 + 1.5 85.7 + 4.4 81.6 + 5.2 17.7 ± 2.8
T cells 1.9 ± 0.0 8.6 ± 1.3 2.6 ± 0.0 3.9 ± 1.1 4.4 ± 1.1
T cells + adherent cellsa 7.0 ± 0.5 69.8 ± 5.4 33.2 ± 1.3 30.0 ± 2.9 6.4 ± 1.4

a Adherent cells were previously irradiated with 2,000 rads.

fraction, whether reconstituted with lipid or not, gave a

distinct but lesser stimulation to cord blood T cells. Mono-
cytes obtained from tuberculin-positive adult peripheral
blood gave an activity similar to that of monocytes from cord
blood. These monocyte culture supernatants, however, ex-
erted no stimulating activity on T cells from adult peripheral
blood (data not shown).

DISCUSSION

In our present study, we demonstrated that the /yl T cells
which exist in the cord blood of newborn infants proliferate
in vitro after stimulation with whole mycobacterial organ-
isms or their lipid fractions in the presence of adherent cells.
CBMC proliferated in vitro when stimulated by whole my-
cobacterial organisms, their lipid fractions, or cord factor.
However, CBMC did not respond significantly to PPD
stimulation. Previously, we reported that CBMC prolifer-
ated in vitro after stimulation with PPD (24), although the
optimum dose of PPD required for CBMC to show the
maximum response was 10 times higher than that required
for PBMC from tuberculin skin test-positive donors. In the
present study, we noted less proliferation of CBMC in
response to PPD stimulation than in our former study. It may
have been that the PPD preparation employed in the previ-
ous study was from a different lot than the PPD employed in
the present study and was contaminated with more lipid. It is
also of note that whole mycobacterial organisms and lipid
fractions, both of which were stimulatory to CBMC prolif-
eration, were less stimulatory or nonstimulatory to the
proliferative responses of PBMC from tuberculin skin test-
positive individuals. These results suggest that CBMC re-

sponded differently from PBMC, i.e., different in responding
cell types and/or different in stimulating epitopes of myco-
bacterium.

Protective immunity against mycobacteria is dependent on

antigen-specific T cells. It has been assumed that upon

recognition of antigen-MHC, these T cells secrete macro-

phage-activating factors that enable effector macrophages to
eliminate the intracellular pathogens. The majority of T cells

involved in antimycobacterial immunity bear the TcR a/4
complex (acFI T cells) (23). Recently, a small subpopulation
of T cells was found to bear a distinct TcR composed of y

and 8 subunits (y/b T cells) (5, 12, 15). Evidence suggesting
that -ylb T cells may participate in the immune response to
mycobacteria and other infectious organisms has accumu-

lated (3, 4, 9). A large fraction of human peripheral blood -ylb
T cells are activated by M. tuberculosis organisms (10). In
mice infected with viable Listeria organisms, y/y T cells in
the peritoneal exudate cells increased to the maximal level as

early as day 3, whereas cd/I T cells increased on day 8 after
infection (20). It has been suggested that the appearance of
broadly reactive TcR -y/8-bearing T cells in microbial infec-
tions may serve as a first line of defense against the invasion
of various pathogens (14). In humans, -yIb T-cell lines reac-

tive with mycobacterial PPD have been generated from a

rheumatoid arthritis patient (11, 26). In our present study,
PBMC from tuberculin-sensitized individuals responded in
vitro to PPD stimulation, and in this response, the ca/3 rather
than the -ylb T cells were thought to be the responding cells.
Considering that newborn infants had not been primed with
mycobacteria, the absence of mycobacterium- or PPD-reac-
tive al/ T cells was not surprising. However, the increased
number of mycobacterium-reactive -ylb T cells was unex-

pected.
What are the ligands of proliferating -y/8 T cells in cord

blood? Several reports have indicated that some -ylb T cells
respond to mycobacterial antigens, such as the PPD of M.
tuberculosis, and mycobacterial 65-kDa heat shock protein
(1, 13, 15). On the other hand, Pfeffer et al. reported that
mycobacterium-reactive human /yl T cells responded to the
nonpeptide constituents of mycobacterium and not to the
65-kDa heat shock protein (22). Our study indicates that
mycobacterial fractions capable of stimulating T cells in cord
blood were resistant to protease digestion, whereas those
stimulating PBMC were protease sensitive. In our study,
cord blood -ylb T cells increased after in vitro culture with
lipid fractions as well as whole mycobacterial organisms.
The most plausible stimulus is the cord factor isolated from
mycobacterial cell walls. Cord factor is one of the toxic

TABLE 6. Effect of anti-HLA-DR monoclonal antibody on mycobacterial-ligand-induced in vitro proliferative responses
of CBMC and PBMC

[3Hlthymidine incorporation (103 cpm)

Stimulator (concn) CBMC PBMC

Medium 40xa 20x Medium 40x 20x

Medium 1.1 + 0.2 0.8 ± 0.1 0.9 ± 0.0 0.3 ± 0.1 0.3 ± 0.0 0.3 ± 0.0
Mycobacterial lysate (10 p.g/ml) 6.7 ± 0.3 7.6 ± 0.6 6.1 ± 0.1 5.7 ± 0.3 1.3 ± 0.0 0.3 ± 0.0
Lipid fraction (100x dilution) 3.0 + 0.4 3.7 + 0.6 3.2 ± 0.4 0.4 ± 0.1 0.6 ± 0.2 0.3 ± 0.0
PPD (10 p.g/ml) 1.1 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 30.9 ± 1.5 12.9 ± 4.1 1.8 ± 0.2

a Dilution of anti-HLA-DR antibody.
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FIG. 3. In vitro proliferation of cord blood T cells in the presence

of monocyte (Mb) culture supernatants or lipid. Culture superna-

tants were obtained from cord blood adherent cells cocultured with
lipid (0), without lipid (@----@), or without lipid and reconstituted
with lipid (@-).

glycolipid constituents of the cell walls of bacteria belonging
to the order Actinomycetales, such as Mycobacteriuum,
Nocardia, and Rhodococcus spp. (8). It has been widely
assumed that cord factor is directly responsible for the
wasting associated with mycobacterial infections. Recently,
cord factor has also been found to be a potent immunomod-
ulator, possessing granuloma-forming activity and antitumor
activity (7, 18, 28).
An intriguing hypothesis is that /yl T cells have evolution-

ally selected to respond to certain common microbial anti-
gens, thus enabling this population to respond quickly while
the population of antigen-specific ct/p T cells begins to
expand. The secondary response may involve a switch in
receptor usage, with -ylb participating early in the response

and ct/n eventually taking over. Consistent with this notion is
the virtual absence of expansion of the /yl T-cell population
after secondary M. tuberculosis infection (13). In the case of
tuberculosis infection, the lipid component of mycobacte-
rium organisms may stimulate -y/8 T cells in the primary
response, acting as a bacterial superantigen to induce poly-
clonalry/b T-cell proliferation. PPD, on the other hand, acts
in the secondary response as a nominal antigen to induce
monoclonal proliferation of sensitized ct/a T cells. When an

individual is first confronted with pathogenic microorgan-
isms, large numbers of cells with the same specificity may

provide a pool for rapid immune response to certain critical
antigens without the need for prior clonal expansion. In the
case of mycobacterial infection, cord factor plays a role as

the ligand for y/8 T cells. Cord factor has a high morpholog-
ical homogeneity among several cord factor preparations
from bacteria. Thus, the y/8 T cells may play a role in
covering the gap between the phagocytic system and the
highly evolved type immune responses mediated by ot/n T
cells in host defense against mycobacterial infection (4, 20).
Indeed, Munk et al. demonstrated that in vitro stimulation of
peripheral blood T cells from healthy donors with M. tuber-
culosis induced marked expansion of -y/8 T cells, which
acquired specific cytolytic activation against M. tuberculo-
sis-pulsed target cells (17).
No significant increase of y/y T cells was observed in

PBMC from tuberculin-positive donors after in vitro stimu-

lation with PPD or whole mycobacterial lysate was carried
out, although the baseline value of the percentage of -y/8 T
cells was greater in PBMC than in CBMC. This is in keeping
with the data reported by Smith et al. (25). It is possible that
-yl8T cells in PBMC did increase after mycobacterial-antigen
stimulation, but the increase may have been masked by the
greater increase of PPD-sensitized a/1 T cells. Another
possibility is that the -y/8 T-cell response was suppressed
while the a/a T-cell response was occurring, possibly
through the action of a soluble factor(s) produced by acti-
vated a/, T cells. Parker et al. recently reported extrathymic
changes in the TcR 'y/8 repertoire after birth (21). With
increasing age, the number of V82-expressing TcR /8-
bearing T cells in peripheral blood increased, whereas the
number of Vbl-bearing cells did not change with age, result-
ing in a dramatic rise in the ratio of V82/V81-bearing cells
after birth. Smith et al. also compared -y/8 T-cell subsets in
cord and adult blood (25). They showed that the neonate had
a different overall repertoire of -yl5 T cells than the adult.
This change in the TcR -yl5 repertoire after birth may account
for the difference in -yl5 T-cell responses after mycobacterial
stimulation between CBMC and PBMC observed above.
The anti-TcR -y/l-l monoclonal antibody we employed for
the detection of -y/8 T cells identifies T cells bearing a TcR
-ylb framework. According to Happ et al. (9), none of 28
murine PPD-reactive -ylb T-cell hybridomas expressed V1,
whereas 10 of 22 PPD-nonreactive hybridomas expressed
V&1. In the present study, some CBMC proliferated in vitro
in response to PPD stimulation. This may imply that some of
the -yl5 T cells in CBMC expressing V82 responded to PPD
as well as to mycobacterial lipid.
As to the involvement of MHC class II antigen in -yl5

T-cell response in the recognition of mycobacterium by T
cells, anti-HLA-DR monoclonal antibody did not block the
responses of CBMC to mycobacterial lysate and lipid com-
ponent, while the responses of PBMC to PPD and mycobac-
terial lysate were significantly blocked by anti-Ia monoclonal
antibody. These data indicate that, in contrast to mycobac-
terium-reactive a/, T cells, mycobacterium-reactive -y/8 T
cells do not require MHC class II molecules for the recog-
nition of mycobacteria. The failure of monoclonal antibody
to block the responses of -y/8 T cells contrasts with the
response of alI T cells, where the recognition of soluble
exogenous antigens is generally predicted by MHC class II
presentation. Fisch et al. demonstrated that TcR -y/8 T
lymphocytes might be involved in the distinct pattern of
non-MHC-restricted cytolysis mediated by y/8 T-cell clones
on certain tumor target cells such as the Daudi cell line,
possibly at the level of effector-target cell recognition (6).
Taken together, these studies and our present study indicate
that -yIb T cells and a/P T cells recognize antigen differently
and suggest that -y/8 T cells have distinct roles in the primnary
immune response. In the first 6 months of the newborn
period, during which a/P T-cell-mediated immunity does not
occur, fy/8 T cells may play a transient defense role in
reactions against pathogenic microorganisms.
As to the mechanism by which cord blood -y/8 T cells are

activated by stimulation with mycobacterial cord factor, the
data in Fig. 3 suggest a possible role for a soluble factor
produced by mycobacteriutn-induced macrophages that
stimulates cord blood but not adult peripheral blood T cells
to proliferate. In preliminary experiments, we have observed
that neither recombinant interleukin-la nor tumor necrosis
factor alpha stimulated cord blood ylb T cells. This issue is
currently under investigation.
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