
TGFβ depletion does neither modulate acute E. coli-
induced inflammatory immune responses nor impair the
protective effect by chronic filarial infection

Abstract
TGFβ is an anti-inflammatorymolecule that suppresses pro-inflammatory
immune responses. Previously, we demonstrated that chronic filarial
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pendent of TGFβ signaling.
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Introduction
TGFβ terms an anti-inflammatory cytokine superfamily
including the isoforms TGFβ 1–3, which are produced by
several immune cell types [1]. TGFβ has important regu-
latory functions, inhibits cell proliferation, triggers wound
healing and has implications in cancer and autoimmune
diseases [1], [2]. During helminth infection, a regulatory
milieu is induced, which allows long-term survival of the
parasites in the host and influences bystander immune
responses. Protection against type 1 diabetes onset in
nonobese diabetic mice infected with the filarial nema-
tode Litomosoides sigmodontis required TGFβ [3]. Simi-
larly, depletion of TGFβ reversed the L. sigmodontis-
mediated amelioration of airway hyperreactivity in a
murine asthma model [4].
Several studies implicated that TGFβmay also be involved
during the course of sepsis [5], [6], [7]. Lack of TGFβ 1
was associated with an increased TLR4 expression and
resulted in LPS hyperresponsivenesswith increased levels
of nitric oxide and inflammatory cytokines [8]. Con-
sequently, TGFβ pre-treatment reduced nitric oxide re-
lease and improved LPS-induced endotoxemia in rats [9].
Recently, we demonstrated that chronic L. sigmodontis
infection protectedmice against Escherichia coli-induced
sepsis via TLR2-dependent macrophage modulation,
resulting in amilder E. coli-induced hypothermia, reduced
inflammation, improved bacterial clearance and sepsis
survival [10]. Furthermore, L. sigmodontis infection did
not exacerbate the immune paralysis during the late
phase of sepsis [11]. Brugia malayi filarial extract also
modulates LPS-induced immune responses in human
monocytes and induces pentraxin-3 (PTX3) expression,
a soluble pathogen recognition receptor, and expression
of CXCL5 and CXCL6 [12]. In the present study, we inves-
tigated the role of TGFβ during the course of an E. coli
challenge andwhether TGFβ is essential for the protective
effect seen in L. sigmodontis-infected mice.

Methods

Ethics statement and mice

Female BALB/cJ mice (Janvier, Saint-Berthevin, France)
weremaintained at the Institute for Medical Microbiology,
Immunology and Parasitology of the University Hos-
pital Bonn, Germany. All experiments were performed
according to the European Union animal welfare
guidelines and approved by the Landesamt für Natur,
Umwelt und Verbraucherschutz, Cologne, Germany
(AZ 84-02.04.2011.A326).

Filarial infection model and in vivo
depletion of TGFβ

Mice were infected with L. sigmodontis at 6–8 weeks of
age via the tropical rat mite Ornithonyssus bacoti as
previously described [13]. Chronic filarial infection was
confirmed by the presence of adult worms within the
thoracic cavity at the time of necropsy. Systemic TGFβ
1–3 was depleted on day –3 and day –1 before E. coli
challenge by intraperitoneal injection of 100 µg/mouse
anti-TGFβ depletion antibody (Clone: 1D11.16.8, BioXCell,
West Lebanon, USA), a dose which was previously shown
to prevent the protection against diabetes onset by filarial
infection in nonobese diabetic mice [3]. Controls received
100 µg/mouse IgG1 isotype control (Clone: MOPC-21,
BioXCell).

Bacterial challenge and cell preparation

Ninety-day-L. sigmodontis-infectedmice and age-matched
controls were intraperitoneally injected with 8.5x108–
1.0x109 cfu of E. coli K12 (ATCC 25922) in 200 µL sterile
LBmedium andmonitored for 6 h. Body temperature was
taken hourly using an infra-red thermometer. After 6 h,
blood was taken and mice were euthanized by an over-
dose of isoflurane (AbbVie, Wiesbaden, Germany). The
peritoneal cavity was lavaged with 5 mL RPMI 1640 ad-
vanced medium (Gibco®). The first mL was used to
quantify the bacteria on LB agar plates after overnight
incubation at 37°C and to quantify cytokine/chemokine
concentrations after centrifugation at 300 g for 10 min.
The blood was centrifuged at 6,000 g for 5 min and both
serum and first mL of peritoneal lavage were stored at
–20°C.

Flow cytometry and enzyme linked
immunosorbent assay

For flow cytometric analysis, cells were blocked with PBS
containing 1% bovine serum albumin and 0.1% rat IgG
(Sigma-Aldrich, St. Louis, USA) for 30min. After a washing
step, cells were stained with SiglecF-PE or -AlexaFluor647
(Clone: E50-2440, BD Pharmingen, San Diego, USA),
F4/80-PerCP-Cy5.5 (Clone: BM8), Ly6G-PE (Clone: 1A8),
Ly6C-APC-Cy7 (Clone HK1.4) (all BioLegend, San Diego,
USA), and CD11b-FITC or -PE-Cy7 (Clone: M1/7;
eBioscience, San Diego, USA). For intracellular staining,
cells were incubated with fixation and permeabilization
buffer (eBioscience) overnight. Cells were stained with
rabbit anti-mouse RELMα (Peprotech, Rocky Hill, USA)
followed by donkey anti-rabbit IgG AlexaFluor647 (Clone:
Poly4064, BioLegend) and CD86-PE (Clone: GL1) and
MHCII-APC (Clone: M5/114.15.2, eBioscience) to deter-
mine cell activation. The gating strategy used to identify
macrophages, monocytes, eosinophils and neutrophils
is shown in Figure 1.
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Figure 1: Gating strategy used for flow cytometry.
Lymphocytes were gated by forward and side scatter and single cells were identified by a lower FSC-W. CD11b+myeloid cells were
gated based on CD11b positivity andmacrophageswere identified as CD11b+F4/80+SiglecF–, eosinophils as CD11b+F4/80lowSiglecF+,
monocytes as CD11b+Ly6C+Ly6G– and neutrophils as CD11b+Ly6C+Ly6G+ cells. Alternatively activatedmacrophages were identified

as RELMα positive based on the fluorescence minus one approach.
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IFNγ , IL-10, TGFβ and TNF (all eBioscience) as well as
CXCL1/KC and CXCL2/MIP-2 (both R&D, Minneapolis,
USA) were measured from peritoneal lavage and serum
by ELISA according to the manufacturers’ protocols and
analyzed using a plate reader (Molecular Devices) with
SoftMax Pro 6.

Data management and statistical
analysis

Flow cytometry data were generated using a BD FACS
Canto and BD FACS Diva 6.0 software (BD Bioscience)
and analyzed by FlowJo V10 software (Tree Star, Ashland,
USA). The statistical analysis was performed using Prism
GraphPad 5.01 (GraphPad Software, San Diego, USA).
Normal distribution of data was tested with D’Agostino
& Pearson test. Normally distributed data were tested for
statistical significance using 1-way ANOVA with Tukey’s
multiple comparisons test or 2-way ANOVA and Bonferroni
post hoc test. Data that was not normally distributed was
tested for statistical significance using Kruskal-Wallis test
followed by Dunn’s multiple comparison post hoc test.
Box and Whisker blots show minimum and maximum;
bar graphs represent means +SEM. Associations were
tested by Spearman’s rank correlation coefficient.

Results

Filaria-mediated protective effects on
E. coli-induced hypothermia, peritoneal
bacterial burden,macrophage numbers
and activation are unaffected by TGFβ
depletion

To investigate whether TGFβ is implemented in the SIRS
phase and the protective responses provided by L. sig-
modontis infection, TGFβ was depleted before E. coli
challenge in chronic L. sigmodontis-infected and uninfect-
ed mice and the impact on hypothermia and bacterial
burden was assessed. Six hours after E. coli injection,
E. coli-induced hypothermia was most severe in E. coli-
only challenged animals, which correlated with an in-
creased peritoneal bacterial load (Figure 2A,B;
rs=–0.7074; p<0.0001; n=74). L. sigmodontis infection
further resulted in an increased total number of peritoneal
macrophages following E. coli challenge (Figure 2C).
Moreover, peritoneal macrophages of L. sigmodontis-
infected animals had an increased number and expres-
sion of RELMα and a slightly reduced expression of the
activationmarker CD86 following E. coli injection, indicat-
ing the induction of alternatively activated macrophages
(Figure 2D–F). Depletion of TGFβ did not reverse these
L. sigmodontis-induced changes in macrophage pheno-
type and numbers and had no impact on macrophage
numbers and frequency and RELMα expression in
E. coli-only challenged mice.

TGFβ depletion does neither increase
inflammation nor change numbers of
monocytes, neutrophils and eosinophils
during SIRS

To examine the role of TGFβ on systemic and local inflam-
mation, pro-inflammatory and anti-inflammatory cytokines
and chemokines were analyzed in the peritoneum as well
as in the blood 6 h after E. coli injection in L. sigmodontis-
infected animals and controls. TGFβ depletion reduced
TGFβ concentrations in serum and peritoneum, reaching
statistical significance for the comparison in serum
between anti-TGFβ treated, L. sigmodontis-infected mice
and both isotype treated controls (Figure 3A,B). L. sig-
modontis infection significantly reduced KC and MIP-2
levels following E. coli challenge (Figure 3A,B). However,
TGFβ depletion had no impact on KC and MIP2 levels,
independent on the presence of L. sigmodontis infection.
Similarly, depletion of TGFβ did not alter IFNγ concentra-
tions in the serum and peritoneum of L. sigmodontis-in-
fected mice (Figure 3A,B). In contrast, TGFβ depletion
tended to reduce TNF concentrations in blood and peri-
toneum of E. coli-only challenged controls (Figure 3A,B).
Since TGFβ is a potent chemoattractant and activator for
neutrophils [14] and neutrophil influx to the site of infec-
tion correlated with an improved sepsis outcome [15],
we investigated whether TGFβ depletion alters the peri-
toneal composition following E. coli challenge. Six hours
after E. coli injection, eosinophil, neutrophil andmonocyte
frequencies and total numbers were significantly in-
creased in L. sigmodontis-infected animals compared to
E. coli-only challenged controls (Figure 3C–H). Depletion
of TGFβ had no impact on the peritoneal cellular composi-
tion of these cell types following E. coli challenge, inde-
pendent of the infection status with L. sigmodontis. Thus,
our data indicate that TGFβ has no crucial role in the re-
cruitment and maintenance of neutrophils, eosinophils
and monocytes during the acute phase of sepsis.

Discussion
In this study, we examined the effect of TGFβ removal in
L. sigmodontis-infected and uninfected BALB/c mice 6 h
after E. coli injection. The L. sigmodontis infection resulted
in a milder E. coli-induced hypothermia and a reduced
bacterial load. Depletion of TGFβ did hereby neither ag-
gravate E. coli-induced hypothermia nor increase the
peritoneal bacterial load in L. sigmodontis-infected nor
uninfected animals. These results confirm our previous
findings that chronic filarial infection improves bacterial
clearance and ameliorates E. coli-induced hypothermia
[10], suggesting that the L. sigmodontis-mediated protec-
tive effect is independent on TGFβ. In addition, the expres-
sion of RELMα and CD86 on peritoneal macrophages
was not altered by TGFβ depletion, indicating that the
L. sigmodontis-induced macrophage modulation is not
due to TGFβ during acute sepsis. Moreover, eosinopenia
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Figure 2: TGFβ depletion does neither alter E. coli-induced hypothermia, peritoneal bacterial burden, nor impair the filaria-mediated
protective effect.

(A) Kinetic of the body temperature after intraperitoneal injection of 8.5x108–1.0x109 cfu E. coli K12 in chronic L. sigmodontis
(L.s.)-infected BALB/c mice (L.s. Isotype: n=20; L.s. anti-TGFβ: n=20) and uninfected controls that received either anti-TGFβ or
an isotype control before E. coli challenge (Isotype: n=18; anti-TGFβ: n=17. (B) Peritoneal bacterial load [cfu], (C) absolute cell
number of CD11b+F4/80+ macrophages as well as (D) the frequency of macrophages expressing RELMα and macrophage mean

fluorescence intensity (MFI) of (E) RELMα and (F) CD86 six hours after E. coli injection. Pooled data of three independent
experiments with at least 6 mice per group. Data is shown as median (A), box and whisker blots with min/max (B–F) and was
tested for statistical significance by 2-way ANOVA and Bonferroni post hoc test (A), Kruskal-Wallis test and Dunn’s Multiple

Comparison post hoc test (B,C,E–F) or 1-way ANOVA with Tukey’s multiple comparisons test (D).

as a controversially discussed marker for sepsis severity
[16], [17] andmonocytes as potentmodulators of inflam-
mation during the SIRS phase and initiators of the sub-
sequent immunosuppressive phase [18] were increased
together with neutrophils after E. coli challenge in filariae-
infected mice, independent on TGFβ removal. Interest-
ingly, despite TGFβ depletion, levels of pro-inflammatory
mediators, bacterial burden and hypothermia remained
improved in chronic L. sigmodontis-infected mice. Thus,
our data indicates that lack of TGFβ signaling does not
substantially increase local and systemic pro-inflammatory
cytokine and chemokine concentrations during SIRS.

Conclusions
Our study suggests that TGFβ is not essentially involved
in the immune response during the early phase of an
E. coli-induced sepsis. Peritoneal bacterial load, E. coli-
induced hypothermia, systemic and local inflammation,
as well as the cellular composition within the peritoneum
were not altered by TGFβ depletion before the E. coli
challenge. Furthermore, the L. sigmodontis-mediated
protective effect against an E. coli-induced sepsis was
still present in TGFβ-depletedmice. Future studies should
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Figure 3: TGFβ depletion does not alter pro-inflammatory cytokine/chemokine production, peritoneal composition ofmonocytes,
neutrophils and eosinophils during SIRS and their expansion in L. sigmodontis-infected mice.

(A) Serum and (B) peritoneal cytokine/chemokine levels six hours after E. coli injection. (C,D) Relative and absolute number of
peritoneal CD11b+Ly6G–Ly6C++ monocytes, (E,F) CD11b+Ly6G+Ly6C+ neutrophils and CD11b+F4/80medSiglecF+ eosinophils (G,H)
six hours after E. coli injection in mice that were infected for 90 days with L. sigmodontis and uninfected controls and received
either anti-TGFβ or an isotype control before E. coli challenge. Data represent three pooled independent experiments with at least

six mice per group. Data are shown as mean +SEM (A,B) and median (C–H) and was tested for statistical significance by
Kruskal-Wallis test and Dunn’s Multiple Comparison post hoc test.
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therefore investigate whether other regulatory compo-
nents like IL-10 or PD1/PDL1 interactions compensate
for the lack of TGFβ signaling and whether TGFβ is essen-
tial during the CARS phase of sepsis.
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