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Abstract

Background—Group B Streptococcus (GBS) infection causes inflammatory co-morbidities in
newborns. While the mechanisms remain unclear, evidence suggests that impaired innate-adaptive
immune interactions may be contributory. We hypothesized that GBS-stimulated neonatal
neutrophils provide a milieu that may drive pro-inflammatory T helper cell programming.

Methods—Neutrophils were stimulated with Type 111 GBS (COH1); supernatants or intact
neutrophils were co-cultured with CD4* T cells or Treg cells. Resulting intracellular cytokines and
nuclear transcription factors were determined by multicolor flow cytometry.

Results—GBS-stimulated neutrophils released soluble mediators that induced greater I1L-17
responses in neonatal vs. adult CD4* T cells in the absence of added polarizing cytokines. GBS-
stimulated neonatal neutrophils also induced robust expression of the canonical nuclear
transcription factors for Thl (Thet) and Th17 (IL-17) cells in CD4* T cells. Following GBS
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stimulation, both intact neutrophils and neutrophil-derived mediators promoted the generation of
Tregs with Thl and Th17 characteristics.

Conclusion—GBS-stimulated neonatal neutrophils bias the /in7 vitro Th differentiation program
of neonatal CD4* T cells and promote pro-inflammatory Th1 and Th17 phenotypes in Tregs. Our
data suggest that developmental modifications of innate-adaptive immune cross-talk mechanisms
may contribute to the inflammatory complications associated with neonatal GBS infection.

Introduction

Group B Streptococcus (Streptococcus agalactiae, GBS) is a gram-positive bacterium that
frequently colonizes the intestines and lower genital tract. GBS is particularly pathogenic in
immunocompromised individuals (1, 2), and GBS infections are a leading cause of fetal and
infant death in the United States and around the world (3). Imbalanced fetal and neonatal
immune responses facilitate the inflammatory morbid complications and mortality
associated with GBS infection (4). The exact mechanism(s) by which GBS induces neonatal
inflammatory responses remain(s) enigmatic, however, neutrophils appear to be a key
cellular component in this process (5). The findings of neutrophil infiltration in the fetal
placenta and in preterm neonatal lungs were also particularly striking in association with
fatal intrauterine GBS infection (6).

Neutrophils play a sentinel role in modulating immune responses to invading pathogens
(reviewed in (7)). Although neonatal neutrophils exhibit intrinsic functional impairments
that increase host susceptibility to infections (reviewed in (8), paradoxically they can also
exhibit exaggerated inflammatory responses to microbial stimulation (9, 10, 10). Neutrophils
collaborate with the adaptive immune Th17 cells to amplify inflammatory processes that
may be protective against infections or that can foster the pathogenesis of inflammatory
disorders (11). Although the contributions of neutrophil-Th17 cell interactions to neonatal
inflammation have not been described, evidence in humans and mice indicates a neonatal
capacity for robust Th17 responses (12), particularly under conditions also associated with
exacerbated neutrophil responses (13, 14). Thus, neutrophil-Th17 interactions likely
contribute to inflammatory morbidities in young infants, including those associated with
GBS infections.

Studies have shown the induction of Th1 or Th17-type immune responses during GBS
infection and colonization (15, 16). Inflammatory monocytes can promote Th17 cell
propagation by releasing the polarizing cytokines, IL-1p and IL-6 (17), which are also
produced by neutrophils (reviewed in (18)). However, whether neonatal neutrophils have a
direct role in the generation of Thl and Th17 cells, particularly in the context of infection,
has not been reported. The present studies were designed to test our hypothesis that GBS can
stimulate neonatal neutrophils to drive inflammatory adaptive immune responses.
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Materials and Methods

Ethics Statement

This study was performed under an approved protocol and in strict accordance with the
guidelines and policies of the Institutional Review Board for Human Studies of Saint Louis
University.

Blood samples

Human umbilical cord blood (CB) samples from healthy full term newborns were obtained
with parental consent immediately after delivery for all neutrophil studies. For other studies,
anonymous CB samples (less than 12 hours post-delivery) were obtained from the SSM
Health St. Louis Cord Blood Bank. Consented healthy adult volunteers were used as
controls in some studies.

Neutrophil and CD4* T cell isolation

Mononuclear cells and neutrophils were isolated by density centrifugation from CB or adult
peripheral blood using Ficoll-Paque PLUS gradient (GE Healthcare). CD4* T cells or naive
CD4* T cells were isolated by negative selection (EasySep™ Human CD4* T cell
enrichment kit or EasySep™ Human Naive CD4* T Cell Isolation Kit, StemCell
Technologies, Vancouver, Canada) according to the manufacturer's instructions. Tregs and T
effector cells (Teff) were isolated from purified CD4* cells by positive selection (EasySep™
Human CD25 Positive Selection Kit, StemCell Technologies). Neutrophil purity, determined
by H&E stain (Dif-Quik, Sigma, St. Louis), was > 95%. Neutrophil viability, determined by
trypan blue staining, was >94% following isolation procedures, while 60-70% viability was
observed following a 1 h incubation with heat-killed (HK) GBS.

Group B Streptococcus

COHL1, a virulent serotype 111 GBS strain from a neonate with sepsis (a generous gift of Dr.
Morven Edwards), was grown to log phase in Todd-Hewitt broth (Difco, Detroit, Ml),
washed, and re-suspended in phosphate-buffered saline (PBS) (19). To obtain HK-GBS for
studies, bacteria diluted in PBS were incubated at 56°C for 30 min; bacterial death was
confirmed by re-plating HK-GBS samples. Aliquots of the HK-GBS stock solution of these
GBS isolates were stored at -70°C.

GBS stimulation studies

Isolated neutrophils (2.5 x 10° cells/mL) suspended in RPMI 1640, 10% FBS were co-
cultured at 37° C, 5% CO, for 1 h in media alone or in the presence of heat-killed GBS
(hereafter referred to as ‘GBS’) at a ratio of 10 bacteria per neutrophil (20). Harvested cell-
free culture supernatants (unstimulated neutrophil-conditioned medium, NCM; or GBS-
stimulated neutrophil-conditioned medium, NCM-GBS) were stored at -80° C until
bioassay. For cell-cell (neutrophil-CD4* T cell) contact experiments, neutrophils cultured in
media alone (PMN) or in the presence of GBS (PMN-GBS) were pelleted then re-suspended
in complete T cell medium (2 mM glutamine, 50 uM B-mercaptoethanol, 10% heat-
inactivated human AB type serum, 100 U penicillin/100 pg streptomycin/mL) before
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addition to CD4* T cell cultures. For studies to compare the effects of neutrophil
supernatants and intact neutrophils on CD4* target cells, GBS-stimulated or control CB
neutrophils, or the resulting CB neutrophil supernatants, were added to autologous CB CD4*
T cell cultures in same-day experiments, as described below. To assess a direct effect of
GBS, bacteria (2.5 x 107/mL) suspended in media were cultured for 1 h; cell-free bacterial
supernatants were stored at -80° C until bioassay.

CD4* T cell co-cultures

Antibodies

Purified CD4* T cells (2 x 10° cells) were suspended in media and cultured either in media
alone, or in media containing 50% (vol/vol%) of NCM or 50% NCM-GBS. For cell-cell
contact studies, neutrophils suspended in media were co-cultured with CD4* T cells at a 2:1
ratio. All CD4* T cells were cultured on 24 well plates coated with anti-CD3 Ab (2 pg/mL)
and in the presence of IL-2 (50 U/mL) at 37° C, 5% CO, for 3-6 d (21). For 6 d cultures,
culture media was refreshed on d 3 with starting media containing I1L-2.

The following fluorochrome-labeled Ab and their respective isotype 1gG controls (purchased
from Becton-Dickinson, NJ, unless otherwise indicated) were used for surface or
intracellular staining of cells: CD4-V500 (clone RPA-T4), CD25-BV605 (2A3), IFNy-FITC
(B27), IL-17A-AF700 (N49-653), FoxP3-APC (eBiosciences, clone PCH101), Thet-V450
(O4-46), GATA-3-PECy7 (L50-823), and RORyt-PE (Q21-559).

Flow cytometry and T helper (Th) cell subset analyses

To identify Th-specific intracellular cytokines and nuclear transcription factors, at the end of
culture CD4* T cells were stimulated with 50 ng/mL PMA and 1 ug/mL ionomycin for 1 h
prior to the addition of 5 ug/ml of Brefeldin A (Golgi-Stop®, BD), then incubated for an
additional 4 hours at 37°C. Stimulated cells stained for surface antigens (CD4, CD25) were
then fixed and permeabilized (anti-human FoxP3 staining set, eBioscience) as per the
manufacturer's instructions. Permeabilized cells were stained for intracellular antigens using
fluorochrome-labeled mAbs or mAb type-specific, fluorochrome-labeled 1gG controls.
Samples were acquired within 24 hours of staining using a 16-color BD LSRII Flow
Cytometer. Acquired samples were analyzed using the FlowJo 7.2.2 software (Tree Star,
Ashland, OR). Within the gated CD4 * T cell population, Th1 cells were identified by their
expression of Thet and/or IFNy, and Th17 cells were identified by their expression of
RORyt and/or IL-17A. Tregs were identified as CD4*CD25* Foxp3* or CD4*CD25*
populations; the CD4*CD25" populations represented T effector cells (Teff).

Statistical analysis

Experimental data were compared using one-way ANOVA (multiple comparisons) or the
paired Student £ test as appropriate using Prism v6.03 (GraphPad Software, Inc., La Jolla,
CA). A Pvalue <0.05 was considered to be significant.
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Soluble mediators released by GBS-stimulated neutrophils induce higher frequencies of
IL-17* CD4 cells in neonatal vs. adult cultures

To determine if GBS stimulation of neonatal and adult neutrophils might induce differential
responses in target CD4* T cells, neonatal or adult naive CD4* T cells (Figure 1a, b) were
incubated with supernatants of autologous GBS-stimulated neutrophils, and the resulting T
helper (Th) phenotypes identified by intracellular staining and flow cytometric analysis. For
these and all subsequent studies, a culture period of 6 d was chosen in order to maximize
Th17 responses in cultured CD4* T cells, based on preliminary data and our previous work
(21). As shown (Figure 1a), supernatants of GBS-stimulated neutrophils induced the
expression of the Thl cytokine, IFNvy, in both neonatal and adult co-cultures. Although
there was a trend towards higher IFNy* CD4* T cell frequencies in neonatal cultures, this
difference did not reach significance (P = 0.08). In contrast, supernatants of GBS-stimulated
neutrophils enhanced the frequencies of CD4™ T cells that expressed the Th17 cytokine,
IL-17A (hereafter referred to as IL-17), by nearly 4-fold in neonatal vs. adult cultures
(Figure 1b). In subsequent studies (Figure 1c, d), the effects of co-culturing supernatants of
unstimulated or GBS-stimulated neonatal neutrophils with CD4+ T cells on intracellular
cytokine expression were compared. While only GBS-stimulated neutrophils released
mediators that induced the expression of IFN-y (Figure 1c), supernatants from both
unstimulated and GBS-stimulated neutrophils induced I1L-17 expression (Figure 1d),
although this effect was greater for GBS-stimulated neutrophils.

GBS-stimulated neonatal neutrophils release factors that induce Thl-, Th17-, and Treg-
specific markers in neonatal CD4* T cells

To assess the effects of neutrophil-derived soluble mediators on the expression of Thl and
Th17-related nuclear transcriptions factors, in the next series of studies neonatal CD4+ T
cells were co-cultured with supernatants of unstimulated or GBS-exposed neonatal
neutrophils, or in media only. Co-culture with supernatants of GBS-stimulated but not
unstimulated neutrophils induced expression of the canonical Th1 nuclear transcription
factor, Thet (Figure 2a). Neither unstimulated nor GBS-stimulated neutrophil supernatants
induced significant expression of GATA-3, the Th2 nuclear transcription factor, although the
latter showed a positive trend (P = 0.07)(Figure 2a). In contrast, supernatants from both
unstimulated and GBS-exposed neutrophils robustly induced CD4* T cell expression of the
respective master nuclear transcription factors for Th17 and Treg cells, RORyt and FoxP3
(Figure 2c,d). In both cases, supernatants of GBS-stimulated neutrophils had the greatest
effects relative to those of unstimulated neutrophils.

GBS-stimulated neonatal neutrophils promote the generation of neonatal Treg cell
populations that co-express Thl- and Th1l7-type cytokines

Based on the observed induction of FoxP3 expression in CD4* T cells by supernatants of
neonatal GBS-stimulated neutrophils, we next sought to determine if GBS-stimulated
neonatal neutrophils might also influence the generation of neonatal CD4*CD25*FoxP3*
Tregs. As shown (Figure 3a), neonatal CD4* T cell cultures containing supernatants of
unstimulated or GBS-exposed neutrophils increased the mean frequencies of
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CD4*CD25*Foxp3™ cell populations, with the greatest effect observed for GBS-stimulated
neutrophils. In subsequent studies, neonatal CD4" T cells were cultured either with
supernatants of GBS-stimulated neonatal neutrophils or the intact GBS-stimulated
neutrophils.

As shown (Figure 3b), both supernatants and intact neutrophils induced Treg populations in
autologous CD4* T cell populations. However, GBS-stimulated neutrophil supernatants
induced a moderately but significantly greater response in CD4* T cells than that observed
following their contact with GBS-stimulated neutrophils.

We recently reported elevated frequencies of Tregs with Th17-type characteristics in preterm
neonates exposed to histologic chorioamnionitis, a neutrophil-driven inflammation of the
placenta (16). Thus, we next sought to determine if GBS-stimulated neonatal neutrophils
release factors that promote the generation of Treg cells with an inflammatory phenotype /n
vitro. In parallel studies, culture supernatants from both unstimulated and GBS-stimulated
neonatal neutrophils increased the frequencies of CD4*CD25*FoxP3* Tregs that co-
expressed IFN<y (Figure 4a, c) or IL-17 (Figure 44, c). As was observed in related studies,
soluble mediators derived from GBS-stimulated neutrophils had the more striking effect on
the generation of Tregs with inflammatory cytokine expression compared with those of
unstimulated neutrophils.

GBS-stimulated neonatal neutrophils and derived mediators enhance Treg cell co-
expression of Tbet and RORyt

We next sought to determine whether in addition to the de novo generation of Tregs with
inflammatory properties, GBS-stimulated neutrophils might also promote phenotypic
alterations of existing Treg populations. To achieve this we co-cultured purified neonatal
CD4*CD25* Tregs with supernatants of autologous GBS-stimulated neutrophils or the
resulting intact GBS-stimulated neutrophils, or with supernatants of GBS bacteria (Figure
5). As shown, both GBS-stimulated neutrophil supernatants and intact GBS-stimulated
neutrophils promoted marked enhancements in Treg co-expression of Tbet (Figure 5a) and
RORt (Figure 5h). In contrast, co-incubation of neonatal CD4* T cells with GBS
supernatants alone did not significantly increase Treg co-expression of Thet (P=0.06) or
ROR+yt (P = 0.12) over that in media only.

GBS-stimulated neonatal neutrophils release mediators that induce IFNy or IL-17
expression in neonatal Treg and Teff populations

To determine if neonatal Treg cells might be particularly susceptible to neutrophil-mediated
induction of Th1 and Th17-type responses, we compared the effects of supernatants of
unstimulated or GBS-stimulated neonatal neutrophils on the intracellular expression of
IFN7y and IL-17 in neonatal naive Teff (CD4*CD25) and Treg (CD4*CD25*) populations
(Figure 6). As shown, co-culture with GBS-stimulated, but not unstimulated, neutrophil
supernatants induced co-expression of both IFNy (Figure 6a) and IL-17 (Figure 6b) in Teff
and Treg cell populations. A higher mean frequency of IFNy* cells was observed in Treg vs.
Teff populations (Figure 6a). In contrast, frequencies of IL-17* Treg cells were not
significantly different when compared to IL-17* Teffs (P=0.11) (Figure 6b).
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Discussion

The present studies were designed to assess the potential effects of GBS-stimulated neonatal
neutrophils on the generation of inflammatory CD4* T cell populations. We now report that
GBS stimulation of neonatal neutrophils induces robust Th1- and Th17-type responses in
neonatal CD4* T cell and Treg populations through mechanisms that can involve cell-cell
contact and soluble mediators.

We observed that GBS-stimulated neonatal neutrophils, and to a lesser degree unstimulated
neutrophils, biased the CD4 differentiation program towards the generation of Th1 and
Th17-type cells. The inductive effects of GBS-stimulated neutrophils on expression levels of
IL-17 were most striking in neonatal CD4* T cell cultures relative to those of adults. These
findings are consistent with studies showing that GBS more strongly promotes inflammatory
responses in neonatal monocytes relative to those of adults (22, 23). The higher IL-17
expression levels we observed in neonatal CD4* T cells were not entirely surprising given
the intrinsic Th17 bias previously reported in neonates (12). However, the capacity of GBS-
stimulated neonatal neutrophils to promote Th17-type responses in target CD4* T cells,
without the assistance of exogenous Th17-propagating cytokines, was a novel finding. We
also determined inductive effects of GBS-stimulated neonatal neutrophils on IFNy
expression, findings supportive of potent neonatal Th1-type immune responses to microbial
stimulation (24). In contrast, GBS-stimulated neonatal neutrophils induced a nominal effect
on the expression of the Th2 transcription factor, GATA-3. Although neonates
characteristically exhibit predominantly Th2-type immunity (reviewed in (25)), Th2
responses may be suppressed under conditions that promote Th17 cells (26). We also did not
find an independent effect of GBS bacteria on the induction of Th1 or Th17 responses. Our
combined /n vitro observations suggest that GBS promotes pro-inflammatory responses in
neonates in part through actions mediated by targeted neutrophils.

Neonatal neutrophil-derived soluble mediators were also found to promote the propagation
of Tregs in CD4™ T cell populations and to modulate the proportions of pro-inflammatory
Tregs that co-expressed IFNy* or IL-17*, independent of a requirement for cell contact.
These observations are consistent with a recent study showing that signaling via TLR2
promotes the generation of Th17-type Tregs in the absence of antigen-presenting cells (27),
which has relevance to our present findings given that GBS-mediated inflammatory
signaling is driven in part by TLR2 activation (28). We also determined that GBS-stimulated
neonatal neutrophils directly enhanced the in vitro generation of Treg cell populations via
physical contact with CD4* T cells, similar to findings of an inductive effect of neutrophil-
CDA4 cell contact on Thl and Th17 differentiation in studies of adult mice and humans (29,
30).

Our present studies have identified a unique role of neonatal neutrophils in the induction of
Th cell populations with protective and inflammatory potential in the context of GBS
infection. While it is well established that Th1-type responses are critical in protecting the
neonatal host against infections, the protective role of Th17 cells in neonates is less well
defined (25). The present studies provide additional evidence of the neonatal capacity to
increase potentially protective Th1 responses to infectious stimuli, particularly through
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TLR2 signaling mechanisms (24, 28). Our findings of enhanced generation of IL-17-
producing immune cells in the context of a GBS stimulus also suggest their contribution to
the neonatal host response to infection (31). However, although IL-17 is critical to protective
immunity, recent studies in neonates also suggest its role in potentiating sepsis-related
inflammatory morbidity in neonates through interactions with IL-18 and in mediating the
pathogenesis of necrotizing enterocolitis (32, 33). Furthermore, crosstalk between
neutrophils and Th17 cells can amplify injurious inflammatory responses (11), although the
specific contribution of this mechanism to neonatal inflammation is unclear. In addition, our
observation that GBS-stimulated neutrophils enhanced frequencies of RORyt* Tregs
suggests a potentially pathogenic phenotype, since RORyt expression coincides with loss of
Treg suppressive function and facilitates inflammatory Treg-Th17 conversion (34).
Pertinently, the TLR2 signaling associated with GBS infection (28) could potentially drive
the generation of Th17-type Tregs with diminished suppressive capacity (27). Whether the
Tregs induced by GBS-stimulated neutrophils exhibit primarily anti-inflammatory or
pathogenic function in neonates is an important question that merits further investigation.

GBS infection and other related inflammatory disorders are associated with abundant
infiltrative tissue neutrophils (5, 6) that could potentially co-localize with Th17 cells (11).
These observations and our present studies point to neutrophils as an important
environmental source of Th1- and Th17-polarizing cytokines. While the specific neutrophil-
derived mediators contributing to Th1l and Th17 responses were not examined in the present
studies, existing evidence provides some important clues. During microbial infection,
neutrophils release IL-12 and IFN-y, cytokines that promote the propagation of Thl cells
(18). In a model of GBS-induced peritonitis, neutrophils were also found to be the primary
producers of IL-1B (5), a key Th17-propagating cytokine (35). Neonatal neutrophils
robustly released IL-1p under inflammatory conditions (9) and following exposure to PGN,
the major exoskeleton component of gram positive bacteria (36). Thus, neutrophil-derived
IL-1B may contribute to a cytokine milieu that supports the generation of Th17 cells and
inflammatory I1L-17* Tregs (37). We also observed reduced survival in neutrophils co-
incubated with GBS, which may be relevant to our data given that apoptotic signaling in
neutrophils involves IL-1p release and Th17-type responses (38). In contrast, neutrophil-
mediated induction of Th17 cells does not appear to involve IL-6 (29), another key Th17-
propagating cytokine (35). Studies are currently underway to characterize the neutrophil-
derived mediator(s) involved in neonatal CD4" T cell differentiation and to more fully define
the underlying mechanisms.

The key observation made in the present paper, 7.¢e. that GBS can stimulate neonatal
neutrophils to promote Th1 and Th17 type responses, adds to existing knowledge of a role
for GBS in the induction of neonatal inflammatory injury, such as meningitis (39).
Conversely, GBS has also been shown to suppress neutrophil responses through molecular
mimicry mediated by Siglec-9 (20), although whether this or related mechanisms are
important in neonates is unclear. We reported diminished expression of Siglec-9 and SHP-1
as well as enhanced basal signaling via PI3K/Akt in neonatal neutrophils (40). These
findings suggest a possible curtailment of GBS-mediated suppression in neonatal relative to
adult neutrophils, which would be consistent with the greater GBS-mediated induction of
inflammatory responses in neonatal immune cells observed in the present study and reported
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by others (22-24). These data suggest that severe GBS-infection in fetuses and neonates
could promote immune perturbations that simultaneously provoke inflammation while
suppressing protective responses, possibilities deserving of further investigation.

In summary, our present data suggest a compelling role for neonatal neutrophils in
mediating Th cell responses through a combination of innate and adaptive immune
mechanisms. While the resulting transformations could potentially facilitate neonatal
protective immune responses against GBS (31), conversely, exaggerated inflammatory
responses might amplify the pathologic mechanisms associated with neonatal infection to
promote a vicious cycle of inflammation (4). Despite the inherent limitations of /n vitro
studies, our data provide important new information that advances understanding of
inflammatory mechanisms in the vulnerable neonatal population and that sets the stage for
future investigations.
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Figure 1. GBS-stimulated neonatal neutrophilsrelease soluble mediators that enhance | FNy and
IL-17 expression in neonatal CD4* T cells

a, b. Naive CD4* T cells from term neonates (CB) or from healthy adult (AD) donors were
co-cultured in anti-CD3 coated plates in complete T cell medium (M, white bars), or in M
containing a 50% (vol/vol%) concentration of supernatants of respective CB or AD
neutrophils stimulated with heat-killed GBS (NCM-GBS, black bars). For these and all
subsequent studies, IL-2 (50 U/mL) was added to cultures on DO and again on D3 when
media was refreshed. After a 6 d incubation, cells were stimulated prior to staining for
intracellular cytokine analysis by flow cytometry, as described in Methods. Shown are mean
frequencies of CB and AD CD4" populations that co-expressed either a. IFN+y or b. IL-17 in
the presence of M or NCM-GBS. Data represent paired CB and AD studies, n=5; X
SEM. *P<0.05, NCM-GBS vs. M;**P<0.05, AD NCM-GBS vs. CB NCM-GBS. c, d.
Frequencies of CD4" T cell populations that expressed c. IL-17; or d. IFNy when cultured
in the presence of M only, NCM, or NCM-GBS. Scatter-plot data represent the means of 10
individual, replicate donor samples; X + SEM. * A<0.05, NCM vs. M; NCM-GBS vs. NCM;
** £<0.01, NCM-GBS vs. M; NCM-GBS vs. NCM.
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Figure 2. Soluble mediatorsreleased by neonatal neutrophilsinduce Thet and RORyt expression

in CD4* T cells

Neonatal CD4* T cells were cultured in the presence of M alone (white bars), or M
containing 50% (vol/vol%) of culture supernatants from unstimulated (NCM, hatched bars)
or GBS-stimulated neonatal neutrophils (NCM-GBS, black bars). Shown are the proportions
of cultured CD4" T cells that expressed a. Tbet; b. GATA-3; c. RORyt and d. FoxP3. Data
represent the results of replicate studies from CB donors (n = 4); X + SEM.
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Figure 3. GBS-stimulated neonatal neutrophils promote Treg generation via soluble mediators

and cel

|-cell contact

a. Neonatal CD4* T cells were cultured for 6 d in the presence of M alone (white bars) or in
M containing (50% vol/vol) of unstimulated (NCM, hatched bars) or GBS-stimulated
(NCM-GBS, black bars) neutrophil supernatants. b. Neonatal CD4* T cells were cultured in
M (white bar), in 50% NCM-GBS (black bar), or in the presence of intact GBS-stimulated
CB neutrophils (PMN-GBS, 2:1 PMN:CD4 ratio, grey bar). For both groups of studies, the
proportions of CD4*CD25"Foxp3* Treg cells in gated CB CD4* T cells were determined by
flow cytometric analysis of 3-5 CB samples; X = SEM. */<0.05; ** £<0.01, NCM-GBS vs.
M; PMN-GBS vs. M.
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Figure 4. GBS-stimulated neonatal neutrophils release soluble mediatorsthat promote the
generation of IFNy* and IL-17* Tregs

Neonatal CD4+ T cells were incubated with M (white bars), 50% NCM (hatched bars), or
50% NCM-GBS (b/ack bars). The intracellular contents of a., c. IFNy and b., c. IL-17 were
determined in stimulated CD4*CD25*Foxp3* cell populations by flow cytometry. Data are
representative of replicate studies of 8 CB donors. X £ SEM. */<0.05; ** £<0.01, NCM-
GBS vs. M; NCM vs. M. c. Dot plots show the proportionate expression of IFNy* FoxP3*
or IL-17* FoxP3* populations in CD4* T cells following co-culture with CTCM or NCM-
GBS in a representative study from one CB donor.
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Figure 5. GBS-stimulated neonatal neutrophilsinduce Treg co-expression of Thet and RORyt
Purified neonatal CD4*CD25" Tregs were cultured in the presence of M (white bars), 50%

NCM-GBS (black bars), intact GBS-stimulated neutrophils (PMN-GBS, 2:1 ratio, grey
bars), or cell-free supernatants of cultured GBS (GBS, striped bars). Intracellular expression
levels of the nuclear transcription factors a. Thet and b. RORyt were determined by flow
cytometric analysis. Data represent the results of replicate studies of autologous Treg cells

and neutrophils from 5 separate donors; X + SEM. **/<0.01; 8/<0.001.
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Figure 6. GBS-stimulated neonatal neutrophilsrelease mediatorsthat induce IFNy and IL-17
expression in neonatal Tregs and Teff

Neonatal CD4* cells were separated into CD25 (Teff) and CD25* (Treg) populations by
immunomagnetic selection. Cells were cultured in the presence of M, NCM (50%), or
NCM-GBS (50%), then stimulated and stained for intracellular cytokine analysis. Data
represent the results of 5 separate studies; X £ SEM. * £<0.05, NCM-GBS vs. M; **P=0.02,
CD25" vs. CD25 cell populations.
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