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Interferon-γ inhibits group B Streptococcus
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Endothelial dysfunction is a major component of the pathophysiology of septicaemic group B Streptococcus
(GBS) infections. Although cytokines have been shown to activate human umbilical vein endothelial cells (HUVECs),
the capacity of interferon (IFN)-γ to enhance the microbicidal activity of HUVECs against GBS has not been studied. We report that the viability of intracellular bacteria was reduced in HUVECs activated by IFN-γ. Enhanced
fusion of lysosomes with bacteria-containing vacuoles was observed by acid phosphatase and the colocalisation of
Rab-5, Rab-7 and lysosomal-associated membrane protein-1 with GBS in IFN-γ-activated HUVECs. IFN-γ resulted
in an enhancement of the phagosome maturation process in HUVECs, improving the capacity to control the intracellular survival of GBS.
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Group B Streptococcus (GBS) bacteria are a leading cause of life-threatening infections in neonates and
young infants (Baker 2013). Invasive neonatal GBS infection has either an early (usually within the first 24 h
after birth) or a late (7 days after birth) onset and common
manifestations of GBS disease in neonates include pneumonia, septicaemia, meningitis, bacteraemia and bone
or joint infections (Baker 2013). Invasive disease caused
by GBS has also been recognised in adults (Schwartz et
al. 1991, Gardam et al. 1998).
Endothelial dysfunction is a major component of the
pathophysiology of septicaemic GBS infection (Lembo
et al. 2010, Beyrich et al. 2011). Therefore, analysis of the
interaction between GBS and endothelial cells is of major interest, especially during septic and haemorrhagic
complications in newborns and adults.
Endothelial cells have been viewed as comprising the
passive structural lining of blood vessels; however, it is
now evident that upon activation by cytokines such as
interferon (IFN)-γ, these cells can impact inflammatory
reactions and immune responses (Mantovani et al. 1992).
Although endothelial cells are not true phagocytes, they
share a number of functional similarities with macrophages upon stimulation, such as exhibiting Fc receptormediated phagocytosis, expressing class II major histocompatibility complex antigens and presenting antigens to
lymphocytes (Rothermel et al. 2004, Beyrich et al. 2011).
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IFN-γ is a proinflammatory cytokine that enhances
host defences against a variety of pathogens. The exogenous administration of IFN-γ protects against septicaemia in a mouse model of Staphylococcus aureus infection, leading to more efficient bactericidal activity (Zhao
et al. 1998). Previous studies have shown that IFN-γ exerts beneficial effects on GBS-induced arthritis by activating phagocytic cells and decreasing bacterial load
(Puliti et al. 2002). Nevertheless, the capacity of IFN-γ
to enhance the microbicidal activity of endothelial cells
against GBS has not been studied.
Pathogen engulfment by phagocytic vacuoles is an
essential component of the innate immune response
(Underhill & Ozinsky 2002). Following formation,
vacuoles or nascent phagosomes acquire microbicidal
properties through a maturation process that involves
sequential fusion events with compartments of the endocytic pathway, culminating in the formation of a hybrid
organelle: the phagolysosome (Vieira et al. 2001, Underhill & Ozinsky 2002). Similarly, it is thought that Rab
GTPases orchestrate the sequence of fusion events in
the endocytic pathway (Vieira et al. 2003). Accordingly,
Rab-5 has been detected in early phagosomes, where it
transiently resides, directing fusion events and Rab-7
has been detected at later maturation stages (Vieira et al.
2001, 2003, Underhill & Ozinsky 2002). Rab-7 mediates
the fusion of lysosomes to phagosomes and Rab-5 acts
upstream of Rab-7 by tethering early endosomes and
nascent phagosomes (Guo & Wang 2010). Lysosomalassociated membrane protein-1 (LAMP-1) is among the
most abundant lysosomal membrane proteins and is expressed mainly in the endosome-lysosomal membrane
(Saftig & Klumperman 2009).
In the present study, we investigated whether IFN-γ
contributes to bacteria killing via human umbilical vein
endothelial cells (HUVECs). We show that these cells
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can be activated by IFN-γ to kill GBS through increased
vacuolar recruitment of Rab-5, Rab-7 and Lamp-1 during the intermediate maturation stages of GBS-containing vacuoles (GBS-CVs). This process has not yet been
described for GBS.
GBS strain 90356 (serotype III, a central nervous
system isolate), a strain identified as GBS and serotyped as described previously (Lancefield 1934), was
used in this study.
Primary HUVECs were obtained by treating umbilical veins with 0.1% collagenase IV solution (Sigma
Chemical Co, USA), as previously described (Jaffe et al.
1973). Confluent HUVECs were infected with GBS [5 x
107 colony-forming unit (CFU)] at 1:100 multiplicity of infection for 0 h, 0.5 h, 1 h and 2 h and then incubated with
5% CO2 at 37ºC. The total GBS association (intracellular
plus surface adherence) was estimated by plating epithelial lysates on BAB/blood plates containing 5% sheep
defibrinated blood and counting the resulting colonies.
After each period of incubation, the infected monolayers
were incubated for an additional period of 2 h in M199
containing bactericidal amounts of gentamicin (100 μg/
mL) and penicillin G (5 μg/mL). The number of internalised bacteria was determined as outlined above. The adherence rates were determined as follows: [CFU of total
cell-associated (intracellular viable plus surface adherent)
GBS-CFU intracellular GBS] (Santos et al. 2003).
Acid phosphatase activity was detected according to
the method described by Teixeira et al. (2001). Identification of the lysosomal-endocytic pathway compartments
involved in the internalisation of GBS was performed
by double labelling with anti-Rab-5, anti-Rab-7 or antiLAMP-1 antibodies and 4,6-diamidino-2-phenylindole
dihydrochloride (DAPI) (Molecular Probes, USA) at 0.5
h, 1 h and 2 h post-infection (p.i.) with GBS. The infected
HUVECs were first fixed with 3.5% formaldehyde and
incubated with ������������������������������������
peptidoglycan�����������������������
(PGN) [phosphate-buffered saline (PBS), 0.15% gelatine, 0.1% sodium azide]
plus 0.1% of saponin for 30 min. The cells were then
stained with the monoclonal antibody at 1:50 diluted in
PGN/0.1% saponin for 1 h at room temperature, washed
three times with PBS and then incubated with fluorescein-labelled goat anti-rabbit IgG (Sigma), diluted 1:100
in PGN for 1 h in the presence of 10 mM DAPI. Confocal images were obtained using the Bio-Rad 1024 UV
system coupled to a Zeiss Axiovert 100 microscope or
a Leica TCS SP5 II system. All experiments were performed in duplicate and repeated at least three times. A
statistical analysis was performed using Sigma Stat v.1.0
(Jandel Scientific) and Student’s t test. A p-value ≤ 0.05
was considered significant.
Endothelial cells have been classically viewed as passive members of the immune system, acting as barriers
to the influx of microbes and secreting factors that attract true phagocytes to the sites of bacterial invasion.
We have shown in a previous study that human endothelial cells internalise GBS, but do not efficiently eliminate
internalised bacteria (Lione et al. 2010), which most likely and partially stems from the low indices of endosomelysosome fusion observed in GBS-infected HUVECs.
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The adherence and intracellular viability of GBS in
endothelial cells were assessed by penicillin/gentamicin
exclusion. Fig. 1A shows that the control cells presented
higher counts of adherent bacteria than the cytokinestimulated HUVECs (p < 0.05). Similarly, the stimulated
cells showed significantly less viable bacteria than the
control cells (p < 0.01) (Fig. 1B). Our results show that
GBS bacteria attach to the surface of HUVECs and are
ingested through phagocytosis, forming a membranebound vacuole. This process could explain the decreased
adherence and viability shown in Fig. 1A, B. Some of the
ingested bacteria displayed significant morphological
changes, clearly indicating that they were killed by the
HUVECs (data not shown). The observation of labelled
bacteria-containing vacuoles indicates fusion between
phagosomes and lysosomes.
A classic enzyme marker for lysosomes was detected
inside the phagocytic vacuoles. The reaction product,
which suggests enzyme activity, was observed at higher
levels in the HUVECs treated with IFN-γ than in the
control cells (Fig. 1C). Through the presence of acid
phosphatase, a classic enzyme marker of lysosomes, our
ultrastructural observations show lysosomal fusion with
bacteria-containing vacuoles. We demonstrate that IFN-γ
can modulate the bactericidal activity of HUVECs; however, the process that initiates the killing of the bacteria
remains unclear. These results are consistent with those
of other investigators who observed a significant inhibition of bacterial growth and a concomitant production
of IFN-γ in GBS-infected neonatal mouse cells treated
with interleukin-12 (Puliti et al. 2002).
We observed that GBS-CVs were enriched in Rab-5,
Rab-7 and LAMP-1 at 0.5 h, 1 h and 2 h p.i. in IFN-γtreated HUVECs. As no statistically significant difference was observed between the results at 1 h and 2 h p.i.,
only results from 0.5 h and 2 h are presented in Fig. 2.

Fig. 1: adherence (A) and intracellular viability (B) of group B Streptococcus (GBS) 90356-III in human umbilical vein endothelial cell
(HUVEC) cells. Results are presented as means ± standard deviations
from at least three independent experiments in duplicate wells. Data
are presented in a graphic log scale. Micrographs of GBS (asterisks)
inside the HUVEC (C). The pictures show fusion of lysosomes with
phagosomes through the detection of acid phosphatase activity (arrows). CFU: colony-forming unit; IFN: interferon.
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intracellular killing of pathogens such as Listeria monocytogenes (Alvarez-Dominguez & Stahl 1998); Rab-5,
which is recruited rapidly and transiently to the phagosome, was also found to be essential for the recruitment
of Rab-7 and the progression to phagolysosomes for this
microorganism (Alvarez-Dominguez & Stahl 1998).
Thus, we conclude that the expression of Rab-5, Rab-7
and Lamp-1 in HUVECs resulted in their ability to enhance the phagosome maturation process and increase
bacterial killing. Future studies analysing genes that are
regulated by IFN-γ may provide important knowledge
about the proteins required for GBS to increase the phagosome maturation process.
Our results show that IFN-γ has a bactericidal effect
through increased maturation of the endocytic pathway.
These results indicate that IFN-γ should be investigated
as a way to better control GBS infections.
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