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Streptococcal mitogenic exotoxin Z (SMEZ), a superantigen derived from Streptococcus pyogenes, provoked
expansion of human lymphocytes expressing the Vb 2, 4, 7 and 8 motifs of T-cell receptor. SMEZ was pyrogenic
in rabbits and stimulated the expression of the T-cell activation markers CD69 and cutaneous lymphocyte-
associated antigen. A variety of cytokines was released by human mononuclear leukocytes stimulated with
SMEZ, which was 10-fold more active than streptococcal pyrogenic exotoxin A. Th2-derived cytokines were
elicited only by superantigens and not by streptococcal cells.

Group A streptococci (Streptococcus pyogenes) provoke a
wide spectrum of diseases ranging from skin infections and
pharyngitis to more severe diseases such as scarlet fever, deep
tissue infections, streptococcal toxic shock syndrome (STSS),
and probably chronic diseases such as Kawasaki syndrome and
guttate psoriasis (1, 2, 22, 23, 31, 33, 44). Several lines of
evidence suggest that these diseases are at least partially me-
diated by extracellular mitogens that belong to the family of
the superantigens (SAgs) (2, 33, 47). These effectors trigger
polyclonal expansion of T lymphocytes by simultaneous bind-
ing to major histocompatibility complex class II molecules on
antigen-presenting cells and T-cell receptor via its Vb domain
(37). The Vb motifs recognized vary from one SAg to another
(7). This process leads to the release of high levels of cytokines
by antigen-presenting cells and lymphocytes as widely investi-
gated for streptococcal SAgs (6, 8, 11, 12, 16, 26–28, 34, 35, 41,
42). Cytokine accumulation in vivo results in acute shock and
other disorders (16, 19, 20, 41, 47). In this respect, significant
levels of SAg (43) and cytokines in the biological fluids were
detected in patients with STSS (6, 11, 20, 32, 36, 43).

S. pyogenes SAgs comprise the classical erythrogenic (pyro-
genic) exotoxins A and C (SPEA and SPEC), encoded by
bacteriophage speA and speC genes (2, 31); other novel SAgs
(2, 17, 25, 33, 34, 38, 46); and the streptococcal mitogenic
exotoxin Z (SMEZ) (3, 18, 38), encoded by the gene smez,
which displays 24 allelic forms (39). Four newly discovered
genes speG, speH, speJ, and smez-2, were identified (reference
38 and genomic database at Oklahoma University [www
.genome.ou.edu/strep.html]). Their corresponding recombi-

nant proteins were highly mitogenic for human peripheral
blood mononuclear cells (PBMC). We describe here some
immunological and biological properties of a potent mitogen
released in the culture supernatant of an S. pyogenes strain
(strain L) lacking both speA and speC genes, isolated from a
French patient with STSS. This strain was selected among a
number of speA- and speC-lacking isolates (40). The mitogen
was identified as an SAg corresponding to SMEZ. The pyro-
genic and superantigenic properties and the cytokine and skin
homing antigen-inducing capacities of SMEZ were investi-
gated in parallel with those of purified SPEA (10) used as a
control. The cytokine response of PBMC challenged with heat-
killed streptococci was also studied for comparative purposes.

The DNA of strain L was prepared and used for PCR with
specific primers for smez, speG, and speH as previously de-
scribed (38). This procedure revealed that the strain carried
smez and speG but not speH. The sequence analysis of smez
corresponded to allele 16 of this gene. The mitogenic material
of the culture supernatant of strain L was purified by ammo-
nium sulfate precipitation and successive chromatographic
procedures as previously described (9). The fraction with the
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TABLE 1. Rectal temperatures of three rabbits injected with sterile
nonpyrogenic saline, SMEZ, or SMEZ plus polymyxin B

Time
(h)

Mean rectal temp (°C) after injection with:

Saline SMEZ
(100 ng)

SMEZ (100 ng) 1
polymyxin B (2 mg/ml)

0 38.6 38.5 38.7
1 38.7 39.0 39.2
2 38.7 39.3 39.4
3 38.7 39.9 39.8
4 38.8 40.2 40.1
6 38.7 40.3 40.0
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highest mitogenic activity of the final chromatographic step
was submitted to sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, electroblotted onto nitrocellulose (4), and
stained with mouse immune serum raised against this fraction.
The analysis revealed a single band corresponding to a molec-
ular mass of ca. 25 kDa which was also observed with rabbit
anti-SMEZ immune serum.

The T-cell receptor Vb chain profile analysis was performed
by reverse transcription-PCR (7) using RNA from 107 PBMC
stimulated for 5 days with the purified mitogen (10 ng/ml),
SPEA (10 ng/ml), or phytohemagglutinin A (1 ng/ml) as a
control. The mitogen stimulated expansion of T cells express-
ing Vb 2, 4, 7, and 8 motifs, which are those reported for the
24.3-kDa recombinant SMEZ (38), while SPEA expanded Vb
2, 12, 13, 14, and 15 T-cell motifs, in accordance with the
literature (45). Therefore, both electrophoretic and Vb reper-

toire analyses confirm that the purified mitogen and SMEZ are
identical SAgs.

Fever induction in experimental animals challenged with
staphylococcal and streptococcal SAgs is one of the most im-
portant properties of these effectors (2, 15), which led to the
term “pyrogenic exotoxins” for the classical erythrogenic toxins
A and C (48). In this respect, a pyrogenicity test was performed
in which purified SMEZ (100 ng) was injected into the mar-
ginal ear veins of New Zealand White rabbits. Rectal temper-
ature was monitored with a mercury thermometer at hourly
intervals for a period of 5 h. Preincubation of the product with
polymyxin B (2 mg/ml) was done in parallel as a control to rule
out a false-positive pyrogenic response caused by possible li-
popolysaccharide contamination (5). The rectal temperature
of the rabbits increased by about 1.5°C after 4 h and 1.8°C after
6 h (Table 1). Polymyxin B did not affect temperature eleva-

TABLE 2. CD69, CLA, and CD103 expression on SPEA- and SMEZ-stimulated T cells

Antigen

Mean antibody-reactive T cells/total T cells (%) 6 SDa

Control
SPEA SMEZ

100 ng 1 mg 10 ng 100 ng

CD69 9.7 6 4.3 32.5 6 14.5* 34.4 6 15.4* 36.2 6 16.2* 40.0 6 17.5*
CLA 10.2 6 4.6 32.1 6 14.3* 35.4 6 15.8* 30.8 6 13.8* 35.5 6 15.9*
CD103 3.5 6 1.5 5.3 6 2.4 5.6 6 2.5 6.7 6 3.0 6.2 6 2.8

a Results from five experiments. p, P , 0.05 for stimulated cells versus control.

TABLE 3. In vitro cytokine-inducing capacities of SMEZ, SPEA, and heat-killed group A streptococci in human PBMC

Cytokine or chemokine No. of
expts

Inductiona (mean 6 SEM) by:

RPMI SMEZ (100 ng/ml) SPEA (1 mg/ml) Streptococci
(107 CFU/ml)

Cytokines (pg/ml)
Pro- and anti-inflammatory

IL-1a 4 30 6 6 1,497 6 852 1,230 6 674 2,100 6 638
IL-6 4 328 6 163 3,695 6 1,577 3,744 6 1,298 5,900 6 1,320
TNF-a 8 530 6 198 8,445 6 1,920 8,190 6 2,351 12,832 6 528
IL-12 p40 6 8 6 4 278 6 79 214 6 55 1,651 6 13*
IL-12 p70b 3 3 6 0.3 21 6 4 25 6 10 802 6 79*
IL-10 5 70 6 32 7,482 6 2,270 6,804 6 2,109 2,526 6 500
Transforming growth factor b 3 647 6 288 1,102 6 253 1,038 6 275 905 6 99

Th1 derived
TNF-b 3 15 6 4 761 6 189 872 6 243 25 6 4.6*
IFN-g 6 4 6 3 3,552 6 698 2,428 6 329 4,460 6 76*
IL-2 9 116 6 16 3,321 6 586 2,720 6 541 253 6 73*

Th2 derived
IL-4 3 7 6 3 31 6 3 47 6 15 7 6 3*
IL-5 10 20 6 6 1,213 6 146 1,075 6 190 18 6 5*
IL-13 3 ND 61 6 17 47 6 13 ND

Hematopoietic
IL-3 7 ND 383 6 65 231 6 65 22 6 22*
Granulocyte-macrophage colony-stimulating factor 4 12 6 8 1,034 6 150 1,021 6 144 420 6 358

Chemokines (ng/ml)
IL-8 4 50 6 20 198 6 40 156 6 42 330 6 63
RANTESc 4 4.2 6 2 45 6 23 35 6 11 51 6 22
MIP-1a 3 0.7 6 0.3 401 6 6.9 31 6 8.2 29.8 6 3.8

a Incubation time, 72 h unless noted otherwise. ND, not detectable; * P , 0.05 between superantigens and heat-killed streptococci.
b Incubation time, 24 h.
c Incubation time, 48 h.
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tion, confirming that the purified SAg is pyrogenic per se. To
our knowledge, the pyrogenicities of other recently described
SAgs such as mitogenic factor/SPEF (17, 34, 46), SSA (25),
SMEZ (18), and SPEG, SPEH, and SMEZ-2 (38) have not
been investigated.

SMEZ preparation was assessed for its ability to stimulate in
vitro expression by target cells of the skin-selective lymphocyte
homing receptor known as cutaneous lymphocyte-associated
antigen (CLA) as already established for other staphylococcal
and streptococcal SAgs (21, 49, 50). CLA is known to interact
with E-selectin in an interleukin-12 (IL-12)-dependent man-
ner. The experimental assay (49) was performed on 3 3 106

human PBMC for 5 days in the presence of SMEZ preparation
(10 and 100 ng/ml), SPEA (100 ng/ml and 1 mg/ml), or RPMI
1640 medium as a control. The antibody HECA-452 (a kind
gift from A. M. Duijvestijn, Maastricht, The Netherlands) was
used to detect CLA. The antibody Ber-ACT8 (Dako), which
recognizes CD103, the b7 chain of the integrin receptor that
correlates with a4b7 expression of gut homing T cells, was
used as a control. Staining was performed by indirect immu-
nofluorescence with goat anti-mouse immunoglobulin G or
goat anti-rat immunoglobulin M F(ab)2-phycoerythrin. In each

sample, irrelevant monoclonal antibodies of the appropriate
isotype were used as controls. Fluorocytometer analysis was
performed on a FACSCalibur (Becton Dickinson, Heidelberg,
Germany) using standard procedures with the CellQuest com-
puter program. The results were expressed as percentage of
antibody-reactive T cells per total T lymphocytes in a gate set
on lymphocyte-sized cells. The T-cell activation marker CD69
detected by specific antibody and the skin-selective homing
antigen CLA were significantly expanded in the presence of
both SMEZ and SPEA. In contrast, the expression of gut
homing receptor CD103 was not affected (Table 2). The
SMEZ/SPEA-dependent CLA upregulation may possibly con-
tribute to the pathogenesis of streptococcal SAg-induced skin
inflammation as suggested in other studies of SAgs from gram-
positive cocci (21).

The mitogenic activity of the SAgs tested was evaluated by a
lymphocyte proliferation assay on human PBMC as previously
described (29). Half-maximal proliferation (10,000 cpm) in
response to the purified SMEZ was observed at a concentra-
tion of 100 pg/ml, in comparison to 1.8 ng/ml for SPEA (data
not shown). Accordingly, SMEZ is 18-fold more potent than
SPEA in the lymphocyte proliferation assay.

FIG. 1. (a) Time- and dose-dependent in vitro release of IL-12, IFN-g and IL-10 by human PBMC in response to SMEZ and SPEA.
���
���
���, control

(RPMI); , SMEZ (0.1 ng/ml); h, SMEZ (1 ng/ml);
�
�, SMEZ (10 ng/ml); ■, SMEZ (100 ng/ml); F, SPEA, (1 mg/ml). Data represent means 6

standard errors for cells from five donors except for IL-12, data for which are representative of one experiment out of three. (b) Time and
dose-dependent in vitro release of IL-4, IL-5, and IL-13 by human PBMC. Symbols are the same as for panel a. Data represent means 6 standard
errors for the cells from five donors.
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A further consequence of cell stimulation with SAg is the
induction of massive cytokine release by target cells. As shown
here, this is also the case with SMEZ, investigated for the first
time in this respect. Cytokine release by PBMC challenged
with SMEZ (0.1, 1, 10, and 100 ng/ml) was determined as
reported earlier for SPEA and SPEC (26–28). PBMC were
also stimulated in parallel for comparative purposes with 1 mg
of SPEA per ml and 107 CFU of heat-killed (1 h at 70°C),
streptococci. The release of 18 cytokines in PBMC cultures
after 72 h of incubation was tested (Table 3). Except for IL-6
(27), the cytokines were assayed by enzyme-linked immunosor-
bent assay with the appropriate antibody kits as previously
described (24, 26–28, 30). Transforming growth factor b,
RANTES, and MIP-1a were immunoassayed by specific kits
(R&D systems, Abington, United Kingdom). Both SMEZ and
SPEA elicited the release of substantial amounts of pro- and
anti-inflammatory, chemotactic, hematopoietic, and Th1- and
Th2-derived cytokines (Table 3). However, the cytokine-induc-
ing capacity of SMEZ was ca. 10-fold more potent (on a weight
basis) than that of SPEA. Dose- and time-dependent produc-
tion of certain cytokines in response to various concentrations
of SMEZ and 1 mg of SPEA per ml was also investigated. IL-12
was produced in significant amounts starting from 24 h, and
optimal release was about 400 pg/ml after 48 h in response to
10 ng of SMEZ. Gamma interferon (IFN-g) and IL-10 release
increased progressively up to 72 h for IFN-g and 96 h for IL-10
(Fig. 1a). Similar results were found for the Th2-derived cyto-
kines IL-4, IL-5, and IL-13 (Fig. 1b). Interestingly, striking
differences in cytokine-inducing capacity were found between
the SAgs tested and heat-killed streptococcal cells. The latter
elicited the production of low amounts of IL-2 and did not
trigger detectable tumor necrosis factor beta (TNF-b), IL-4,
IL-5, and IL-13 release (Table 3). However, streptococcal cells
were highly potent inducers of IFN-g, TNF-a, IL-12 p40, and
IL-12 p70, suggesting that the bacteria themselves may evoke
cytokine release via their cell wall components, particularly
peptidoglycan (13), and thereby could contribute with SAgs to
the development of cytokine-mediated streptococcal patholog-
ical disorders.

A significant feature of the SAgs investigated here is their
capacity to induce the release of Th2-derived cytokines as
already documented (27, 28, 41). The production of these
cytokines raises the question of the possible involvement of
bacterial SAgs in the pathogenesis of diseases other than acute
streptococcal and staphylococcal diseases, particularly in cer-
tain allergic and nonallergic diseases (14, 19, 20). The present
results suggest that SMEZ is a potential pathogenicity factor of
S. pyogenes that might play an important role in streptococcal
diseases.
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