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Group B streptococci (GBS) are a major cause of severe infection in newborns, pregnant females, and other
immunocompromised hosts. Infection often includes septicemia, shock, pneumonia, and respiratory failure. In
previous studies, we have reported that GBS induce marked production of tumor necrosis factor alpha
(TNF-a) by human mononuclear cells. The present study was designed to measure the production of TNF-a
as well as additional cytokines, including interleukin 1b (IL-1b), IL-6, IL-8, IL-12, and gamma interferon
(IFN-g) but also to determine from what cells and at what time point during incubation with GBS that these
cytokines are produced. Mixed mononuclear cells were incubated with heat-killed GBS, media alone, or 1 mg
of Escherichia coli lipopolysaccharide (LPS). Brefeldin A was added to each sample prior to staining, which
prevented the export of cytokines by the Golgi apparatus. The cells were then stained with the appropriate
conjugated antibodies and analyzed by using a flow cytometer. Results indicate that intracellular cytokines
appear, in almost all cases, simultaneous to or before secreted proteins are detected. In contrast to the
response to LPS, where TNF-a, IL-1b, IL-6, and IL-8 appear almost simultaneously, the human monocyte
response to GBS results in the production of TNF-a but delayed appearance of IL-1b, IL-6, and IL-8. The
lymphocyte response to GBS was also strikingly different from that to LPS in that both secreted IFN-g and
IL-12 was detected, while LPS failed to induce production of these critical cytokines. This suggests an
important role for TNF-a, IFN-g, and IL-12 in GBS pathogenesis and/or immunity.

Group B streptococci (GBS) are a major cause of severe and
overwhelming infection in newborns, pregnant females, and
other immunocompromised hosts (15). Patients in the neona-
tal period often present with early onset infection, which in-
cludes septicemia, shock, pneumonia, and respiratory failure.
Late onset infection, in contrast, commonly is associated with
meningitis. Interestingly, early in both types of infection, the
inflammatory response at the site of infection is sparse (5). In
later stages of the infection, as the number of bacteria multi-
plies, there is an increase in host defense activity, which in-
cludes the release of tumor necrosis factor alpha (TNF-a) and
other cytokines (8, 23, 30). Cytokines are soluble proteins that
have a significant role in the immunoregulation of immune and
inflammatory responses (1, 18). Specifically, they regulate the
growth, differentiation, and function of a wide variety of cells
and mediate both normal and pathological immune responses.
Additionally, they may have both effector and regulatory ac-
tivities. Cytokines can have multiple functions, target many
cellular subsets, and be expressed by diverse cellular subsets
(23, 27). TNF-a is a cytokine that is produced by monocytes,
macrophages, and other antigen-presenting cells upon stimu-
lation with endotoxin or other bacterial products. It plays an
important role in the development of an effective, early inflam-
matory response. Increased systemic TNF-a concentrations,
however, have been correlated with mortality rates for septic
shock in both adults and children (3, 28). TNF-a can induce
hypotension, tissue injury, and death in animals and is felt to be
the major mediator of endotoxin-induced shock (31). In pre-

vious studies, it was first reported that GBS induce marked
production of TNF-a by human mononuclear cells (24, 33).
Thus, although TNF-a likely plays a major role in host resis-
tance to GBS, in excess it probably has a central role in the
pathogenesis of profound shock due to these organisms. In the
present study, we examined the production of TNF-a and
several other members of the proinflammatory cytokine cas-
cade by human mixed mononuclear cells (MMC) following
exposure to GBS, as well as the major mediator of gram-
negative bacterial septic shock, lipopolysaccharide (LPS). Re-
cently, Jung et al. (17) and Picker et al. (25) adapted a method
to detect the intracellular expression of cytokines. This process
disrupts intracellular Golgi-mediated transport with drugs,
such as monensin or Brefeldin A, allowing the assessment of
intracellular cytokine production by various cell types by using
flow cytometry. The present study was designed to not only
measure the intracellular production of TNF-a, interleukin 1b
(IL-1b), IL-6, IL-8, IL-12, and gamma interferon (IFN-g) but
also determine from what cells and at what time points during
incubation with GBS these cytokines are being produced or
released extracellularly.

(This work was presented in part at the Western Society for
Pediatric meeting, Carmel, Calif., February 1998, and at the
Society for Pediatric Research meetings, New Orleans, La.,
May 1998.)

MATERIALS AND METHODS

Ten milliliters of heparinized peripheral blood was obtained from six healthy
adult subjects, and MMC were isolated by density-gradient centrifugation (Fi-
coll-Paque; Pharmacia, Piscataway, N.J.), washed with Hanks balanced salt so-
lution, and diluted with RPMI 1640 culture media with 10% heat-inactivated
pooled normal human serum to 106 cells/ml. A 1-ml volume of MMC was
incubated with (106/ml) live or heat-inactivated type III GBS (COH1; courtesy of
C. Rubens, University of Washington, Seattle, Wash.), culture media alone, or 1
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FIG. 1. Representative intracellular cytokine flow cytometry data. x axis, number of cells; y axis, fluorescence intensity.
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mg of Escherichia coli LPS (Sigma Chemical, St. Louis, Mo.) for 1, 2, 4, 8, 12, 18,
24, and 48 h at 37°C in 5% CO2. Four hours prior to completion of incubation,
20 ml of Brefeldin A (Becton Dickinson, San Jose, Calif.) was added to each
incubation tube to inactivate the Golgi apparatus and prevent cytokine secretion.
Upon completion of incubation, MMC were centrifuged at 1,600 rpm for 5 min
and the excess supernatant was removed. The cells were then treated with
normal mouse immunoglobulin G1 (IgG1) as a surface blocking agent and
fluorescein isothiocyanate-labeled anti-CD69 (activation marker) monoclonal
antibody. Lysing and permeabilization were accomplished by using Becton Dick-
inson fluorescence-activated cell sorter lysing and permeabilization solutions.
The MMC were then processed and surface stained with peridinin chlorophyll
protein-labeled anti-CD45 antibodies (a surface marker for monocytes and lym-
phocytes) or anti-CD14 (a marker for monocytes), fluorescein isothiocyanate-
labeled anti-CD69 (an activation marker), and the appropriate intracellular
phycoerythrin-conjugated cytokine antibody. The stained MMC were analyzed
by flow cytometry. Supernatants from cell cultures which contained extracellular
cytokines were analyzed by enzyme-linked immunosorbant assay (Immunotech,
Westbrook, Maine). Analysis of the MMC response to activation by type III
GBS, culture media alone, or 1 mg of E. coli LPS was accomplished by measuring
cytokines both intracellularly and extracellularly in stimulated cells versus un-
stimulated ones. Initial experiments examining cytokine induction were carried
out with living GBS organisms. The results obtained up to 24 h were identical to
those obtained with heat-killed GBS, but after this period of time, toxicity was
apparent in the cell preparations. For this reason, and because of the comparable
results with live and heat-killed GBS, we employed killed bacteria in the majority
of these investigations. Reagents were assayed for the presence of endotoxin with
the Limulus amebocyte lysate assay (Endotect; Schwarz/Mann Biotech, Cleve-
land, Ohio), which is sensitive to 0.1 ng/ml, a concentration below that required
to stimulate the production of cytokines, and all those utilized were found to be
negative.

Extracellular cytokine experiments were carried out at least three times by
using peripheral blood from three different healthy adult subjects with duplicate
determinations per experiment. (The investigations were approved by the Uni-
versity of Utah Institution Research Board for Human Research. Informed
consent was obtained where appropriate for blood sampling.) Results are ex-
pressed as means 6 standard errors of the means (SEM). The SEM, however,
were often so small that they could not be seen in the figures. Intracellular
cytokine flow cytometry data were derived from two or three replicates for each

of the nine time points. For each time point and replicate, approximately 10,000
cells were analyzed (therefore, standard error was not included in the presenta-
tion of the data) and the difference between the geometric means measuring the
fluorescent intensity of the positive test cells and those of the control cells was
expressed in each figure.

RESULTS

Figure 1 is a representative example of the actual flow cy-
tometry data which are presented in this section. The method
of gating that was used to separate the CD45-positive cells
from the rest of the MMC is represented at the top of the
figure. For each individual cytokine, an example of a histogram
of MMC incubated with media alone, LPS-stimulated MMC,
and GBS-stimulated MMC is shown.

Figure 2 (upper panel) indicates that E. coli LPS in a con-
centration of 1 mg/ml resulted in a significant increase in the
percentage of monocytes expressing intracellular TNF-a fol-
lowing 4 h of incubation. Intracellular expression by electron-
ically gated anti-CD14-labeled monocytes then rapidly de-
clined by 8 h. This was followed by an increase in extracellular
TNF-a protein concentration which peaked following 8 h of
incubation and plateaued thereafter. In contrast (lower panel),
significant intracellular TNF-a was detectable at 2 h following
exposure of human MMC to 106 type III GBS per ml. Intra-
cellular TNF-a expression continued to climb, peaking only
after 12 to 18 h. Extracellular TNF-a protein rose between 4
and 8 h, plateauing after this time point. As indicated in Ma-
terials and Methods, the use of live GBS produced results
comparable to those achieved with heat-killed GBS for up to

FIG. 2. Effect of LPS (1 mg/ml) and GBS (106/ml) on the intracellular expression and extracellular release of TNF-a protein by human monocytes.
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24 h, but after this point, the use of live organisms resulted in
significant toxicity to the mononuclear cells.

Subsequently, we studied IL-1b production by anti-CD14-
labeled monocytes. Figure 3 shows that intracellular expression
precedes extracellular production of IL-1b following LPS stim-
ulation, while both intracellular and extracellular IL-1b appear
simultaneously after stimulation with GBS. As shown, LPS
exposure of mononuclear cells resulted in significant intracel-
lular expression of IL-1b by monocytes appearing at 4 h, with
extracellular protein being produced in large quantities be-
tween 4 and 8 h. In contrast, intracellular and extracellular
IL-1b were not detected until after 8 h of MMC incubation
with GBS. Extracellular IL-1b following stimulation with GBS
did not peak until after 12 h incubation with human mono-
cytes. Moreover, IL-1b production following GBS stimulation
of MMC was more than 1,000 pg/ml less than that with LPS
(dose-response experiments had established these were opti-
mal concentrations of both stimulants; data not shown).

The IL-6 response of anti-CD14-labeled human monocytes
to LPS and GBS, as shown in Fig. 4, was similar to that of
IL-1b in that the GBS response was delayed, compared to the
response to LPS. The peak intracellular and extracellular IL-6
responses to LPS occurred at 4 h, while those to GBS occurred
at 8 and 12 h, respectively. Extracellular IL-6 appeared almost
simultaneously with intracellular cytokines, perhaps indicating
more rapid secretion of this cytokine.

Figure 5 demonstrates that intracellular IL-8 appears after
4 h of incubation with LPS or GBS. In contrast to the LPS
response in which extracellular IL-8 peaked at 8 h, the maximal
extracellular IL-8 response to GBS was delayed until 48 h.

Next, we studied the generation of IFN-g by the lympho-
cytes, which are the major cellular source of this cytokine, in
human blood. As shown in Fig. 6, following LPS stimulation of
lymphocytes, there was significant expression of intracellular
IFN-g by electronically gated anti-CD14-negative anti-
CD45-positive lymphocytes at 4 to 8 h but almost no secre-
tion of extracellular cytokine. In contrast, GBS took 12 h to
induce intracellular IFN-g, but this resulted in significant
extracellular secretion of this cytokine, peaking after 48 h of
incubation.

Since IL-12 is known to induce the production of IFN-g, we
next measured the extracellular production of this cytokine by
MMC stimulated with LPS or GBS. Labeled antibodies for the
detection of intracellular IL-12 were not available to us; thus,
only extracellular cytokine measurements were made. As Fig. 7
shows, LPS stimulation of MMC resulted in little to no pro-
duction of extracellular IL-12 protein. In contrast, GBS caused
MMC to secrete significant quantities of IL-12 between 8 and
12 h of incubation. This is at the same time point (8 to 12 h)
that intracellular IFN-g appeared following GBS stimulation,
shown in Fig. 6, and prior to the appearance of extracellular
IFN-g between 12 and 18 h. Thus, the extracellular release of
IL-12 may have enhanced GBS-induced IFN-g production and
release.

DISCUSSION

The cytokines analyzed in the present study were chosen for
their critical role in the development of septic shock due to
fulminant infection in both neonates and animal models (13,

FIG. 3. Effect of LPS (1 mg/ml) and GBS (106/ml) on the intracellular expression and extracellular release of IL-1b by human monocytes.
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30). TNF-a, which is the major mediator of endotoxin shock, is
a proinflammatory cytokine that produces fever, metabolic ac-
idosis, capillary leak, and cardiovascular collapse, often leading
to systemic hypotension. Group B streptococcal infection also
produces a profound septic shock syndrome like that caused by
gram-negative endotoxemia, especially in neonates. For this
reason, we chose to compare the effects of GBS on MMC to
that of E. coli LPS. IL-1b may be induced by TNF-a and serves
to potentiate the effects of TNF-a. In addition, IL-1b acts to
stimulate the production of acute-phase reactants by the liver
and costimulates TH1-cell activation (10). The role of IL-6 in
the pathophysiology of septic shock is controversial. High IL-6
levels are associated with acute bacterial infections (6, 14) and
endotoxemia (11). IL-6 can block the transcription of proin-
flammatory cytokines, however, such as IL-1b and TNF-a (re-
viewed in reference 18). Mancuso and colleagues (20) reported
data that are compatible with the hypothesis that IL-6 is in-
volved in negative feedback regulation of plasma TNF-a levels
in experimental GBS sepsis and that IL-6 pretreatment can
increase survival in animal models of GBS-induced sepsis. IL-6
is also directly responsible for the induction of acute-phase
proteins, many of which have anti-inflammatory properties (10,
12). IL-8 stimulates neutrophil and monocyte chemotaxis in
nanogram amounts (2). Rowen and colleagues (26) reported
that neonatal monocytes have diminished production of IL-8,
compared to adult monocytes, in response to both GBS and
LPS. This decrease in IL-8 production may contribute to the
neonate’s poor host response to GBS. IFN-g is produced by
TH1 lymphocytes and natural killer (NK) cells and increases
the expression of major histocompatibility complex class I and

II molecules and, thus, assists in antigen presentation by ap-
propriate cell types. IFN-g also is a major activator of neutro-
phils and macrophages, increases B-cell production of IgG2a,
and blocks IL-4-induced class switching to IgE and IgG1 (9).
IL-12 induces IFN-g and has been shown to be critical in
mounting an appropriate TH1 type immune response (4, 22).
Mancuso and colleagues (19) found that recombinant IL-12
significantly improved survival in animal models of GBS infec-
tion. Pretreatment with neutralizing anti-IFN-g monoclonal
antibodies significantly counteracted the beneficial effects of
recombinant IL-12. This supports the hypothesis that IFN-g, in
addition to being induced by IL-12, may also partially mediate
the activity of IL-12.

von Hunolstein et al. (32) recently reported similar results
for extracellular TNF-a, IL-1b, and IL-6. Their blockade ex-
periments with anti-TNF-a antibodies would suggest less in-
duction of IL-1b by TNF-a following such treatment. Our data
appear to support their findings that extracellular TNF-a ap-
pears within 4 h of incubation with GBS and is followed by the
production of IL-1b and IL-6. Our study, in addition to extra-
cellular analysis of the above cytokines, provides an intracel-
lular cytokine profile for monocyte and lymphocyte subsets.
The data presented here would suggest that intracellular cyto-
kine production of TNF-a is detectable within 2 h of incuba-
tion. de Bont and colleagues (8) have reported increased con-
centrations of TNF-a and IL-6 during neonatal GBS sepsis,
whereas IL-1b appeared to be present in low concentrations
only. Their results also suggest that IL-1b, but not TNF-a,
plasma concentrations appear to correlate inversely with the
development of GBS-induced septic shock. Results of the

FIG. 4. Effect of LPS (1 mg/ml) and GBS (106/ml) on the intracellular expression and extracellular release of IL-6 by human monocytes.
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present study indicate that intracellular cytokines, in response
to GBS and LPS stimulation, appear simultaneous to, or prior
to, secreted proteins in almost all instances. This is, of course,
expected. The monocyte responses to LPS for TNF-a, IL-1b,
IL-6, and IL-8 are approximately equivalent in time of appear-
ance and peak expression. In contrast, the TNF-a response to
GBS appears first and is followed by a delayed response in
IL-1b, IL-6, and IL-8. Lymphocytes stimulated with LPS or
GBS demonstrated intracellular IFN-g, but only GBS-stimu-
lated cells produced extracellular IFN-g protein. One explana-
tion for this may lie in the ability of GBS to stimulate the
production of IL-12, which in turn, enhances IFN-g translation
and secretion. Bacteria and bacterial products interact with
polymorphonuclear cells, B cells, NK cells, macrophages, and
other antigen-presenting cells to induce the production of IL-
12. IL-12, in turn, interacts with these same bacteria and bac-
terial products to stimulate the cellular production of IFN-g.
D’Andrea and colleagues (7) have shown that neutralizing
anti-IL-12 antibody blocks 85% of Staphylococcus aureus
Cowan I-stimulated IFN-g production, while such antibody
blocks 50% of the IFN-g response to poor IL-12 inducers, such
as IL-2. Thus, the IL-12–IFN-g pathway may be a critical
component of host resistance to gram-positive bacterial infec-
tions. Recently, we have demonstrated that MMC from human
neonates fail to transcribe and translate or secrete adequate
amounts of both IL-12 and IFN-g in response to GBS (16). We
plan additional studies looking at both intracellular and extra-
cellular cytokine production by neonatal cells in response to
these organisms.

The initial appearance of TNF-a intracellularly and extra-
cellularly, as secreted cytokine, suggests that this may be a
critical component of the early cytokine cascade in response to

GBS. As shown by our in vitro studies, only after this initial rise
in TNF-a induced by GBS occurs do other cytokines appear
intracellularly or extracellularly. Teti et al. (29) have indicated
that treatment of mice with anti-TNF-a murine monoclonal
antibody improves survival from GBS infection. In contrast,
pretreatment in the same murine model prior to inoculation
likely blocks the entire cytokine pathway and actually leads to
enhanced lethality. Thus, the kinetics of the response appears
to be critical. It is easy to speculate early, when streptococci are
beginning to invade tissues, that the local release of TNF-a
promotes the influx of inflammatory cells and other antibacte-
rial proteins and factors enhancing host resistance. Later, if
organisms are able to multiply and gain access to the systemic
circulation, the remainder of the cytokine cascade is triggered,
leading to massive release of TNF-a, IL-1b, IL-6, IL-8, and
IFN-g, which act synergistically to promote the septic shock
syndrome.

Although the use of anti-TNF monoclonal antibody to treat
gram-negative septic shock syndrome has not met with overall
success in adults, it is possible that such therapy may have a
role in the early therapy of GBS infections in neonates or other
similarly immunocompromised hosts by interrupting the cyto-
kine cascade, which we have demonstrated here in vitro. More
recently, a recombinant human TNF-a receptor (p75)-anti-
body Fc fragment fusion protein with TNF-a receptor blocking
activity has shown promise in treating conditions such as rheu-
matoid arthritis (21). We are currently initiating studies to
determine the efficacy of this agent in blocking the cytokine
cascade in mononuclear cells exposed to GBS and also plan to
determine its efficacy in preventing septic shock in an experi-
mental rat model of GBS infection.

FIG. 5. Effect of LPS (1 mg/ml) and GBS (106/ml) on the intracellular expression and extracellular release of IL-8 by human monocytes.
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FIG. 6. Effect of LPS (1 mg/ml) and GBS (106/ml) on the intracellular expression and extracellular release of IFN-g by human lymphocytes.

FIG. 7. Effect of LPS (1 mg/ml) and GBS (106/ml) on extracellular release of IL-12 by human mononuclear cells. The bars represent the SEM; note that they are
often so small that they cannot be seen.
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