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SUMMARY

Previous studies have established that inactivated mycobacteria are potent and selective activators of
Vy9+/Vé2+ human y/6 T cells. Here we have analysed the proliferative response of human y/6 T cells
to five serologically distinct groups of streptococci. While heat-inactivated streptococci of all five
serogroups tested (A, B, C, D and F) induced a strong proliferative response in peripheral blood
mononuclear cells (PBMC), only groups A, B and C elicited a selective activation of Vy9+ y/6 T cells
in 10 (serogroup B) or 11 (serogroups A and C) of 11 tested healthy individuals. In striking contrast,
groups D and F streptococci failed to activate y/ T cells in nine of 11 donors and induced only a weak
/6 T cell response in two additional individuals. Depletion of Vy9+ T cells before culture completely
eliminated all /6 T cell responses to streptococci. These data indicate that groups A, B and C (but not
D or F) streptococci can be included in the growing list of selective ligands for Vy9+/V$2+ human y/é

T cells.
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INTRODUCTION

Several seemingly unrelated ligands including mycobacteria [1-
4], Daudi [5-7] and MOLT-4 [4] tumour cells, Plasmodium
JSalciparum merozoites [8], and staphylococcus enterotoxin A [9]
have all been found to activate selectively Vy9/V52-expressing
human y/é T cells. Apart from mycobacteria, other intracellular
and extracellular bacteria reportedly stimulate human y/6 T cells
[10,11]; in these instances, however, the responsive /6 T cell
subset(s) have not been identified in great detail. There is a
striking bias towards Vy9+/Vé2+ cells among peripheral blood
7/6 T cells, in contrast to post-natal human thymus where such
cells constitute only a minor fraction of y/é thymocytes [12,13].
Itis postulated that the relative expansion of Vy9+/V§2+ during
childhood might be related to some sort of antigenic pressure
elicited by, for example, exposure to bacterial antigens. In the
present study we have analysed the activation of peripheral
blood y/d T cells by serologically distinct groups of heat-killed
streptococci. Our results indicate that groups A, B and C
streptococci induce a selective proliferative response of Vy9+/
Vo2+ y/6 T cells in most healthy adult blood donors.

MATERIALS AND METHODS

Isolation of lymphocyte subsets
Peripheral blood mononuclear cells (PBMC) were isolated from
heparinized peripheral blood by Ficoll-Hypaque density gra-
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dient centrifugation. PBMC were depleted of Vy9+7/5 T cells by
sorting on a FACStar Plus cell sorter (Becton Dickinson,
Heidelberg, Germany). To this end, PBMC were stained with
biotinylated anti-Vy9 MoAb 7A5 [14] followed by PE-labelled
streptavidin (Becton Dickinson). Based on forward light scatter
and fluorescence intensity, 7A5* cells were removed by cell
sorting.

Cell cultures

PBMC or Vy9-depleted PBMC were cultured in triplicate at
1 x 10° cells/well in 96-well round-bottomed microtitre plates
(Nunc, Wiesbaden, Germany). Culture medium was RPMI
1640 (Biochrom KG, Berlin, Germany) supplemented with
2 mM L-glutamine, 10 mM HEPES, antibiotics, and 10% heat-
inactivated male human serum. Cultures were stimulated with
0-5 ug/ml PHA-P (Wellcome, Burgwedel, Germany) or an
optimal concentration (0-001% v/v) of heat-killed bacteria. The
following bacteria were employed: Mycobacterium tuberculosis
strain H37Rv [1] or Streptococci serogroups A, B, C, D and F.
All bacteria were kindly provided by Prof. H. G. Sonntag and
Mrs R. Restorff (Institute of Medical Microbiology, University
of Heidelberg, Germany). Bacteria were taken from agar plates,
resuspended and washed three times in Dulbecco’s PBS before
being autoclaved for 20 min at 120°C. Subsequently, a 10% (v/v)
stock dilution was stored at —~70°C until use. After thawing,
bacteria were sonicated for 5 min before use. All cultures were
incubated for 3-8 days at 37°C in a humidified atmosphere of
5% COzin air. Cell proliferation was measured by uptake of *H-
thymidine *H-TdR). To this end, cultures were pulsed with



302 A. Bender & D. Kabelitz

Table 1. Kinetic of proliferative response of peripheral blood mono-
nuclear cells (PBMC) to killed streptococci

3H-thymidine (mean ct/min of triplicate cultures x 10%)

Exp.1 Exp.2 Exp.3

day 3 day 6 day 8 day 3 day 6 day 8 day 3 day 6 day8

— 03 24 17 03 03 23 03 44 51
PHA 169-7 250 21-5 1156 231 48 1092 238 114
M.tb. 1-4 393 111 19 160 76 121 783 107
Strep A 28 817 196 2:3 647 347 38 444 74
Strep B 22 385 80 -5 637 213 77 829 88
Strep C 32 544 120 28 76:1 301 86 1238 131
StrepD 07 270 279 1-0 247 262 35 560 45
Strep F 03 202 50 08 63 562 277 517 50

PHA. Phytohaemagglutinin; M.tb., Mycobacterium tuberculosis,
strep, streptococci.

1 uCi *H-TdR/well (specific activity 6-7 Ci/mmole), and incuba-
tion was continued for 6 h. Cultures were harvested and
prepared for counting of B emission in a Packard liquid
scintillation counter. Results are expressed as mean ct/min of
triplicate cultures. S.D. were always < 15% and, for the sake of
clarity, have been omitted.

Phenotypic analysis of proliferating cells

The following MoAbs were employed for phenotypic analysis of
T cell receptor (TcR) expression before and after culture:
BMAO31 (anti-TcR af; Behringwerke, Marburg, Germany;
[15]); TCR1 (anti-C§; T Cell Sciences, Cambridge, MA; [16]);
STCS1 (anti-V61/J61 or V§1/362; T Cell Sciences; [17]); BB3
(anti-Vé2; [18]); 7AS (anti-Vy9; [14]). TCR41 and 6TCSI were
used as FITC conjugates. Biotinylated MoAbs BMAO031 and
7AS were visualized with streptavidin-PE as a second step
reagent. FITC-conjugated F(ab’); goat anti-mouse IgG
(Medac, Hamburg, Germany) was used to detect BB3+* cells. All
analyses were measured on a FACScan cytofluometer (Becton
Dickinson).

RESULTS

Proliferative response of PBMC to killed streptococci

All five serogroups of streptococci (A, B, C, D, F) were found to
stimulate a proliferative response in PBMC from normal adult
blood donors. Dose response analyses revealed that a final
concentration of 0-001% (v/v) was optimal for all bacteria (not
shown). As illustrated in Table 1, *H-TdR incorporation
following stimulation by heat-killed streptococci usually peaked
on day 6 of culture, although a slightly delayed (day 8) optimum
was noted for streptococci D and F in some experiments (€.g.
Exp. 2, Table 1).

Phenotypic analysis of proliferating cells

Cytofluometric analysis of proliferating cells was performed
after 6-9 days of culture to determine the TcR phenotype of T
cells responding to heat-killed streptococci. Results of a repre-
sentative experiment are depicted in Fig. 1. As can be seen, there
was a dramatic increase of y/d T cells after stimulation with
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Fig. 1. Cytofluometric analysis of T cell receptor (TcR) expression after
culture. Peripheral blood mononuclear cells (PBMC) were cocultured
with the indicated killed bacteria. After 6-9 days, proliferating cells were
double-stained with the indicated MoAbs and analysed on a FACScan
cytofluometer. Abscissa: log green fluorescence (FITC); ordinate: log
red fluorescence (PE). M.tb., Mycobacterium tuberculosis; strep, strep-
tococcus.

Mpycobacterium tuberculosis (M.tb.) and streptococci A, B and
C, but not after stimulation with streptococci D or F. While
TCRS1+ y/6 T cells accounted for 4-6% of PBMC before
culture, the percentage of TCRS1+ cells increased to range
between 40-7 (streptococcus B) and 70-5% (streptococcus A)
after culture. The detailed analysis with MoAbs specific for
defined Vy and V& gene products revealed that y/6 T cells
proliferating in response to M.tb. and streptococci A, B and C
uniformly expressed Vy9 (7AS) together with V52 (BB3). In
contrast, no Vé1+ (6TCS1+) y/8 T cells were detected after
culture (Fig. 1). These results suggested that the proliferative
response of /6 T cells to streptococci is restricted to Vy9-bearing
cells, similarly to what has been reported for M.tb. stimulation
[2,4]. To prove this point, Vy9+ T cells were depleted before
culture by removing 7A5* cells on a cell sorter. In this
experiment, freshly isolated PBMC contained 6-7% TCR61+
cells, of which 4-5% were 7A5*/6TCS1- (i.e. Vy9+/Vél-) and
2:3% TAS5-/6TCS1+ (i.e. Vy9-/VS1*). As shown in Fig. 2,
M.tb. and streptococcus A bacteria elicited a strong y/6 T cell
response in unseparated PBMC, thus giving rise to 80% y/6 T
cells after culture. In striking contrast, the y/6 T cell response
was completely eliminated in 7A5-depleted PBMC responder
cells, indicating that activation of human y/6 T cells by
streptococcus A (and M.tb.; see [2]) is restricted to Vy9-
expressing cells.

Additional experiments were performed to address the issue
of whether activation of y/8 T cells by streptococci is exerted by
some (A, B, C) but not other (D, F) serogroups. PBMC from 11
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Fig. 2. Depletion of Vy9+ T cells before culture eliminates all y/6 T cell
responses to bacteria. Peripheral blood mononuclear cells (PBMC) (a)
and cell sorter Vy9 (7AS)-depleted PBMC (b) were cocultured with
Mpycobacterium tuberculosis (M.tb.) or streptococcus A. After 8 days,
proliferating cells were stained with MoAbs BMAO031 (TcR of), TCRS1
(C9), and 7AS5 (Vy9). The percentage of positive cells is indicated. m,
BMAO031; N, TCRS1; m, 7AS.

randomly selected healthy adult individuals were stimulated
with groups A, B, C, D and F streptococci, and the percentage of
7/6 (TCR41+)and Vy9+ (7A5+) cells was determined before and
after culture. As detailed in Table 2, streptococci A and C
reproducibly elicited a strong y/6 T cell response in all indi-
viduals tested, while streptococcus B was a potent y/8 T cell

303

inducer in 10/11 individuals. In contrast, both groups D and F
streptococci failed to selectively activate /6 T cells in 9/11
individuals and induced only a weak y/d T cell response in the
remaining two donors (Table 2). Note that in every single case
the streptococci-reactive y/d T cells expressed Vy9 (identified by
MoAb 7AS), and not V41 (identified by MoAb §TCS1). Vy9+ T
cells activated by group A, B or C streptococci displayed strong
cytolytic activity towards bacteria-pulsed and non-pulsed auto-
logous plastic-adherent cells (monocytes). However, in contrast
to a previous publication [11], we were unable to discern a
specific pattern of cytotoxicity in the sense that streptococcus A-
activated yo* T cells would kill streptococcus A-pulsed but not
streptococcus B (or mycobacteria)-pulsed monocytes (not
shown).

DISCUSSION

The present results indicate that the capacity to activate Vy9-
expressing y/0 T cells varies among serologically distinct
subgroups of streptococci. It is intriguing to note that group D
streptococci which are commonly present in the normal human
intestine are poor activators of y/6 T cells, while the pathogenic
groups A, B and C streptococci elicit strong y/3 T cell responses.
Further studies are required to establish whether the potent in
vitro reactivity of Vy9+ T cells to groups A, B and C streptococci
is based on previous in vivo exposure to these (or other) bacteria.
We are currently analysing the N region diversity of streptococ-
cus A-reactive Vy9+ T cells to investigate whether the y/8 T cell
response is mono-, oligo-, or polyclonal in nature. A similar
analysis of M.tb.-reactive Vy9+ T cells revealed a broad N
region diversity, indicating that M.tb. contains ligands which
would qualify as superantigens for Vy9+ y/8 T cells [4]. If a
comparable level of N region diversity is seen among streptococ-
cus A-reactive Vy9+ T cells, this might indicate that streptococ-
cus A (but not D or F) similarly contains superantigen-like
ligands for Vy9+ /8 T cells. Indeed, our preliminary sequence
analysis data of a limited number of streptococcus A-reactive
Vy9+ clones indicates a broad N region diversity (not shown).

There is a growing list of seemingly unrelated agents
including bacteria, parasites and tumour cells which all activate

Table 2. T cell receptor (TcR) phenotype of T cells before and after culture with bacteria.

Strep A Strep B Strep C Strep D Strep F M.tb.
day 0
Exp. TCRSI* TCRéI* 7TAS5* TCRS1* 7AS* TCRSI+ 7TAS+ TCRSI* 7TAS+ TCRSI+ 7AS* TCRS1+ 7AS+
1 45 352 371 401 43-8 439 459 2:2 1-4 19 1.3 148 139
2 26 18-5 17-4 2-5 -7 265 25-4 41 29 2-0 1-5 ND ND
3 48 45-2 444 140 17:7 351 322 03 0-5 28 32 621 592
4 33 536 548 234 270 343 362 19 2:3 11 08 736 739
5 7-5 19-9 228 544 519 620 60-9 142 134 217 21-.8 570 54-6
6 42 264 260 168 151 207 204 51 3-8 58 42 269 254
7 36 27-5 255 186 159 427 419 3-0 2.3 33 23 10-9 10-1
8 41 584 583 392 391 643 64-3 09 0-8 0-8 05 372 370
9 1-7 21-8 210 225 225 40°1 338 1-4 1-4 06 06 275 290
10 64 49-2 49-7 267 22-1 488 486 163 15-5 9-6 92 ND ND
11 2:6 68-8 606  40-5 368 572 529 7-4 61 79 41 615 59-1

Strep, streptococcus; M.tb., Mycobacterium tuberculosis.
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the same subset (i.e. Vy9+/V52+) of human y/d T cells. Given
that Vy9+/V§2+ cells constitute a minor y/8 T cell subset in cord
blood and post-natal thymus, it is postulated that Vy9+/V§2+
cells expand post-natally in response to an as yet unidentified
stimulus [12]. At present, however, it is uncertain whether any of
the above mentioned Vy9-specific ligands plays a role in the in
vivo selection of such cells during childhood [19].

ACKNOWLEDGMENTS

We would like to thank our colleagues Drs R. Kurrle and L. Moretta for
antibodies, and Mrs Ann Atzberger for operating the cell sorter. This
work received financial support from the Alfried Krupp Award for
young professors (to D.K.), and is in partial fulfilment of A.B.’s PhD
thesis.

REFERENCES

Kabelitz D, Bender A, Schondelmaier S, Schoel B, Kaufmann SHE.

A large fraction of human peripheral blood 7/8* T cells is activated

by Mycobacterium tuberculosis but not by its 65-kD heat shock

protein. J Exp Med 1990; 171:667-79.

2 Kabelitz D, Bender A, Prospero T, Wesselborg S, Janssen O,
Pechhold K. The primary response of human /0" T cells to
Mpycobacterium tuberculosis is restricted to Vy9-bearing cells. J Exp
Med 1991; 173:1331-7.

3 Pfeffer K, Schoel B, Gulle H, Kaufmann SHE, Wagner H. Primary
responses of human T cells to mycobacteria: a frequent set of ;/0
T cells are stimulated by protease-resistant ligands. Eur J Immunol
1990; 20:1175-9.

4 De Libero G, Casorati G, Giachino C, Carbonara C, Migone N,

Matzinger P, Lanzavecchia A. Selection by two powerful antigens

may account for the presence of the major population of human

peripheral y0* T-cells. J Exp Med 1991; 173:1311-22.

Fisch P, Malkovsky M, Braakman E, er al. 70 T-cell clones and

natural killer cell clones mediate distinct patterns of non-major

histocompatibility complex-restricted cytolysis. J Exp Med 1990;

171:1567-79.

6 Sturm E, Braakman E, Fisch P, Vreugdenhil RJ, Sondel P, Bolhuis

RLH. Human V;9-V§2 T-cell receptor-yd lymphocytes show

specificity to Daudi Burkitt’s lymphoma cells. J Immunol 1990:

145:3202 8.

w

7 Fisch P, Malkovsky M, Kovats S et al. Recognition by human Vy9/
Vo2 T-cells of a GroEl homolog on Daudi Burkitt’s lymphoma cells.
Science 1990; 250:1269-73.

8 Goerlich R, Hicker G, Pfeffer K, Heeg K, Wagner H. Plasmodium
falciparum merozoites primarily stimulate the Vy9 subset of human
7/0 T cells. Eur J Immunol 1991; 21:2613-16.

9 Rust CJJ, Verreck G, Vietor H, Koning F. Specific recognition of
staphylococcal enterotoxin A by human T cells bearing receptors
with the V79 region. Nature 1990; 346:572-4.

10 Abo T, Sugawara S, Seki S, Fujii M, Rikiishi H, Takeda K, Kumagai
K. Induction of human TCRyé*t and TCRyd CD2* CD3~ double
negative lymphocytes by bacterial stimulation. Int Immunol 1990;
2:775-85.

11 Munk ME, Gatrill AJ, Kaufmann SHE. Target cell lysis and I1-2
secretion by y0 T lymphocytes after activation with bacteria. J
Immunol 1990; 145:2434-9.

12 Parker CM, Groh V, Band H ez a/. Evidence for extrathymic changes
in the T-cell receptor yd repertoire. J Exp Med 1990; 171:1597-612.

13 Porcelli S, Brenner MB, Band H. Biology of the human yé T-cell
receptor. Immunol Rev 1991; 120:138-83.

14 Janssen O, Wesselborg S, Heckl-Ostreicher B. et al. T-cell receptor/
CD3-signalling induces death by apoptosis in human T-cell receptor
70t T-cells. J Immunol 1991; 141:35-9.

15 BorstJ, Van Dongen JJM, De Vries E, Comans-Bitter WM, Van Tol
MID, Vossen JM, Kurrle R. BMAO31, a monoclonal antibody
suited to identify the T-cell receptor x3/CD3 complex on viable
human T lymphocytes in normal and disease states. Hum Immunol
1990; 29:175-81.

16 Band H, Hochstenbach F, McLean F, Hata J, Krangel MS, Brenner
MB. Immunochemical proof that a novel rearranging gene encodes
the T-cell receptor delta subunit. Science 1987; 238:682-4.

17 Wu YJ, Tian WT, Snider RM, Rittershaus C, Rogers P, LaManna
L, Ip SH. Signal transduction of gamma/delta T-cell antigen
receptor with a novel mitogenic anti-delta antibody. J Immunol
1988; 141:1476-9.

18 Bottino C, Tambussi G, Ferrini S er al. Two subsets of human T-
lymphocytes expressing 7/0 antigen receptor are identified by
monoclonal antibodies directed to two distinct molecular forms of
the receptor. J Exp Med 1988; 168:491-505.

19 Kabelitz D, Pechhold K, Bender A, Wesselborg S, Wesch D, Friese
F. Janssen O. Activation and activation-driven death of human 7/
T cells. Immunol Rev 1991; 120:72-88



