University of Groningen

From microenvironment to epigenetics in endothelial cells
Maleszewska, Monika
DOI:
10.1016/j.imbio.2012.05.026
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2015
Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Maleszewska, M. (2015). From microenvironment to epigenetics in endothelial cells. [Thesis fully internal
(DIV), University of Groningen]. University of Groningen. https://doi.org/10.1016/j.imbio.2012.05.026

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverneamendment.
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 10-01-2023

CHAPTER II
IL-1β and TGFβ2 synergistically induce
endothelial to mesenchymal transition in an
NFκB-dependent manner
Monika Maleszewska1, Jan-Renier A.J. Moonen1, Nicolette Huijkman2,
Bart van de Sluis2, Guido Krenning1, Martin C. Harmsen1
Department of Pathology and Medical Biology, 1Cardiovascular Regenerative Medicine Research
Group and 2Molecular Genetics, University Medical Center Groningen, University of Groningen,
Groningen, The Netherlands

Immunobiology 2013 Apr;218(4):443-54

Chapter II

ABSTRACT
Endothelial to mesenchymal transition (EndMT) contributes to fibrotic diseases.
The main inducer of EndMT is TGFβ signaling. TGFβ2 is the dominant isoform
in the physiological embryonic EndMT, but its role in the pathological EndMT
in the context of inflammatory co-stimulation is not known. The aim of this
study was to investigate TGFβ2-induced EndMT in the context of inflammatory
IL-1β signaling. Co-stimulation with IL-1β and TGFβ2, but not TGFβ1, caused
synergistic induction of EndMT. Also, TGFβ2 was the only TGFβ isoform
that was progressively upregulated during EndMT. External IL-1β stimulation
was dispensable once EndMT was induced. The inflammatory transcription
factor NFκB was upregulated in an additive manner by IL-1β and TGFβ2 costimulation. Co-stimulation also led to the nuclear translocation of NFκB which
was sustained over long-term treatment. Activation of NFκB was indispensable
for the co-induction of EndMT. Our data suggest that the microenvironment at
the verge between inflammation (IL-1β) and tissue remodeling (TGFβ2) can
strongly promote the process of EndMT. Therefore our findings provide new
insights into the mechanisms of pathological EndMT.
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INTRODUCTION
Endothelial to mesenchymal transition (EndMT) was first described in the
embryonic heart as a process in which endothelial cells detach from the
endocardial layer, acquire mesenchymal phenotype and migrate into cardiac
jelly.1 This event initiates the formation of heart valves during embryogenesis,
disruption of which leads to serious cardiac malformations.2 In adult organisms
EndMT occurs during organ pathology, such as cardiac fibrosis,3 kidney
fibrosis,4 acute kidney injury,5 pulmonary fibrosis,6 and cancer.7, 8
In vitro EndMT manifests through morphological changes: disruption of the
endothelial monolayer and acquisition of a spindle shaped, fibroblast-like
phenotype. These changes are caused by the shift in expression of mesenchymal
and endothelial genes. Mesenchymal genes, such as smooth muscle protein 22α
(SM22α), calponin or α-smooth muscle actin (αSMA), are upregulated, while
endothelium-specific genes, such as VE-cadherin, von Willebrand factor (vWF)
or endothelial nitric oxide synthase (eNOS), are downregulated.9-15
In vitro studies linked EndMT to the transforming growth factor-β
(TGFβ) signaling, and the TGFβ1 isoform has been most commonly
investigated.9-15 However, during embryonic heart development EndMT
is mainly controlled by the TGFβ2 isoform.16-21 In a study using knockout mice of all three TGFβ isoforms, TGFβ1-/-, TGFβ2-/- and TGFβ3-/-,
Azhar et al. demonstrated that only TGFβ2 is essential for proper induction and
cessation of embryonic cardiac EndMT.16 The potency of the TGFβ2 isoform to
induce EndMT is further supported by recent studies.15, 22, 23 Furthermore, TGFβ2
has recently been associated with cardiac hypertrophy24 and fibrogenesis,25
implying a role for the TGFβ2 isoform in the pathological processes.
Internal tissue damage that occurs at the onset of fibrotic diseases triggers a
sterile inflammatory response, i.e. activation of inflammasomes, leading to
activation and release of interleukin-1β (IL-1β).26 IL-1β is therefore one of the
earliest activated pro-inflammatory cytokines at the site of injury. However, IL1β is also involved in the regulation of late phases of tissue repair, i.e. remodeling
and scarring.27, 28 IL-1β receptor I knock-out mice (IL-1βRI-/-) show decreased
myofibroblast infiltration and reduced collagen deposition after myocardial
infarction,27 which implies a role for IL-1β-signaling in fibrotic remodeling. In
endothelial cells IL-1β stimulation leads to endothelial monolayer disruption,29,
30
and induces EndMT-like changes upon long-term treatment.31
As both pro-fibrotic and pro-inflammatory cues contribute to the pathogenesis
of fibrotic diseases, we hypothesized that they also interact in the regulation
of EndMT. Crosstalk between pro-inflammatory and pro-fibrotic signaling has
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been demonstrated in the epithelial to mesenchymal transition (EMT).32 ProEndMT effects of inflammation combined with TGFβ1 stimulation have also
been reported.33 However, the effects of the TGFβ2 isoform in such interaction
have never been investigated. As TGFβ2 is the dominant isoform in embryonic
EndMT and induces EndMT in vitro, we further hypothesized that TGFβ2 also
plays a role in the pathological inflammation-associated EndMT.
Therefore the aim of this study was to investigate the pro-EndMT effects of the
TGFβ2 isoform in the context of inflammatory IL-1β- co-stimulation.

II

MATERIALS AND METHODS
Animals
Male, C57BL/6 mice (8-12 weeks of age) were obtained from Harlan, The
Netherlands, and were housed and handled in University Medical Center
Groningen (UMCG) Animal Facility. Aortic banding (n=3) was performed under
aneasthesia (2% Isofluorane (Forene/Abbott, The Netherlands) and oxygen) and
analgesia (Carprofen, 5mg/kg), with body temperature and hydration control
throughout surgery. Briefly, an incision was made in the second intracostal
space. Next, a small incision was made in the parietal pleura, through which
the ascending loop of the aorta was exposed. A suture was placed around the
aorta. The aorta was supported with 25G needle, and suture was drawn tight.
Thereafter, the pleura, muscle layers and skin were closed by sutures. Animals
received post-operative analgesia (Carprofen, 5mg/kg/24h for 48h). In sham
operated animals, all procedures were performed except for the actual aortic
banding (n=6). Animals were sacrificed by cervical dislocation after 7 days.
Fibrotic heart tissue was collected and lysed using TRIzol reagent (Invitrogen,
CA, USA). All procedures were approved by Animal Ethical Committee of
UMCG (DEC No. 5910).
Cell culture
Human umbilical vein endothelial cells (HUVEC) were obtained in our
endothelial cell culture facility as described before,13 or purchased from
Lonza (MD, USA). Cells were cultured in gelatin-coated dishes (0,1% gelatin
solution in PBS; own preparation). Cells were detached using Accutase
(PAA Laboratories GmbH, Germany). Cells were cultured in endothelial cell
medium (ECM), composed of RPMI-1640 basal medium (Lonza, Switzerland)
with 20% fetal bovine serum (FBS; Lonza), 50μg/ml bovine brain extract
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(own preparation), 1% penicillin/streptomycin (Gibco, CA, USA) and 2mM
L-glutamine (Lonza). ECM medium was used in all experiments. Cells were
used between passages 2 and 7.
Human recombinant interleukin-1β (IL-1β), human recombinant transforming
growth factor β-1 (TGFβ1) and human recombinant transforming growth
factor β-2 (TGFβ2) were purchased from PeproTech (NJ, USA) and prepared
in accordance to manufacturer’s instructions. Every factor was used at a
concentration of 10 ng/ml in experiments. Media were refreshed every 24h.
InSolutionTM IKK-2 inhibitor SC-514 was purchased from Calbiochem
(Germany) as a ready 25mM stock in DMSO and was used in experiments at
100μM concentration. Respective volume of sterile DMSO was used in control
media.
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Adenoviral transduction
Adenoviral constructs with LacZ and DN-IκBα were generated as described
previously 34. For transduction, 50 000 cells/cm2 were seeded. The following
day medium was refreshed and adenoviral vectors with either LacZ or DNIκBα expression construct were added to the medium at the dose of 500 MOI.
After 24h cells were washed with PBS and appropriate stimulation media were
applied. Media were refreshed every 24h. The efficacy of transduction was
confirmed with β-galactosidase activity staining. Briefly, 24h after transduction
cells were washed with PBS, fixed with formaldehyde/glutaraldehyde and
incubated in 1mg/ml X-Gal solution in 4mM potassium ferricyanide, 4mM
potassium ferrocyanide, 2mM magnesium chloride in PBS for 2h. DN-IκBα
expression was validated at the protein level by immunoblotting against
hemaglutinin tag.
Quantitative Real-time PCR
Total RNA isolation was performed using either TRIzol reagent (Invitrogen, CA,
USA) or RNEasy Mini kit (Qiagen, CA, USA) according to the manufacturers’
protocols. RNA concentrations and purity were determined using NanoDrop
technology (Thermo Scientific, MA, USA). cDNA synthesis was performed
using RevertAid™ First Strand cDNA Synthesis Kit (Thermo Scientific,
MA, USA), according to the manufacturer’s protocol. An amount of cDNA
equivalent to 10 ng of RNA input into a cDNA synthesis reaction was used per
single qRT-PCR reaction. PCR was performed using SYBR Green chemistry
(Bio-Rad, VA, USA), in the ABI7900HT instrument (Applied Biosystems,
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CA, USA). All reactions were performed in triplicate. Data was analysed using
SDS software (Applied Biosystems, CA, USA). Product purity was ensured
by analysis of dissociation curves. Subsequent calculations were performed
in MS Office Excel and GraphPad Prism. All Ct values were normalised to
geometrical means of gapdh and β-actin Ct values. Data is presented as fold
change vs. indicated control, obtained using the ΔΔCt method. The list of
primers (Biolegio, The Netherlands) is enclosed as Supplementary Table 1.
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Western blotting
To acquire total cell lysates, cells were washed 2 times with cold basal medium
(RPMI-1640), placed on ice and lysed directly within the wells using RIPA
buffer (Thermo Scientific, MA, USA) supplemented with proteinase inhibitors
cocktail, phosphatase inhibitors cocktail-1 and phosphatase inhibitors
cocktail-3 (all from Sigma-Aldrich, MA, USA). To separate cytoplasmic and
nuclear fractions cells were washed 2 times with cold basal medium (RPMI1640), placed on ice and lysed directly in culture vessels with lysis buffer (0.5%
TritonX-100 in PBS, with 0,02% NaN3) freshly supplemented with proteinase
inhibitors cocktail, phosphatase inhibitors cocktail-1 and phosphatase
inhibitors cocktail-3. Cells were collected, incubated on ice and centrifuged;
the supernatant was collected as cytoplasmic fraction. Nuclei pellet was washed
with the lysis buffer and centrifuged, supernatant was discarded. Nuclei were
lysed with RIPA buffer.
Protein concentrations were determined using BioRad DC protein assay
(Bio-Rad, VA, USA), according to manufacturer’s protocol. Nuclear lysates
were sonicated prior to measurement. Equal amounts of protein were loaded
onto polyacrylamide gels. Electrophoresis was performed until appropriate
resolution was achieved. Electrotransfer of protein onto nitrocellulose
membranes was performed at 100V. For alkaline phosphatase-based detection
method the efficiency of transfer was evaluated with PonceauS staining (own
preparation). Membranes were blocked in 3% milk in Tris-buffered saline
(TBS). Then membranes were incubated with appropriate primary antibody
solution in 3% milk in TBS, overnight at 4°C. Afterwards membranes were
incubated with secondary antibody (goat anti-rabbit IgG alkaline phosphatase
(AP)-linked, Bio-Rad, VA, USA) 1:2000 in 3% milk in TBS-0,1% Tween-20.
Membranes were incubated with AP-substrate solution to develop the bands.
Reaction was stopped by washing blots in distilled water. Blots were dried
and scanned. When the Odyssey detection method was used, membranes were
blocked in Odyssey Blocking Buffer (Li-COR Biosciences, NE) immediately
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after transfer. Then they were incubated with primary antibodies in Odyssey
Blocking Buffer overnight at 4°C and afterwards they were incubated with
secondary antibodies anti-rabbit IgG IRDye-680 or anti-mouse IgG IRDye-800
(LI‐COR Biosciences, Germany) diluted 1:10 000 in Odyssey Blocking
Buffer. Blots were scanned using the Odyssey Infrared Imaging System (LiCOR Biosciences).All antibody incubations were followed by washing with
TBS 0.1% Tween-20.
Primary antibodies and dilutions used were as follows: β-actin 1:1000 (Cell
Signaling #4967), calponin 1:1000 (Abcam #46794), eNOS 1:1000 (BD
Biosciences, USA, #610299), GAPDH 1:2000 (Abcam #9485), hemaglutinin
(HA-tag) 1:500 (Sigma #H3663, clone HA-7), p65 1:2000 (Santa Cruz #372),
phospho-Smad2 1:500 (Cell Signaling #3108), Smad2/3 1:500 (Cell Signaling
#3102), SM22α 1:1000 (Abcam #14106), TATA-binding protein (TBP) 1:2000
(Abcam #818), vWF 1:500 (Abcam #96340).
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Statistical analysis
Data are presented as mean values of 3 or 4 independent experiments. Error bars
represent standard error of the mean (SEM). Statistical analysis was performed
using GraphPad Prism (Graphpad Software, La Jolla, CA). P-values <0.05
were considered to indicate a statistically significant difference between means.
RESULTS
TGFβ2 is a more potent EndMT-inducer than TGFβ1
in the context of inflammatory co-stimulation
As EndMT in vivo is linked to the development of cardiac fibrosis,35 we
analysed the gene expression of TGFβ isoforms in fibrotic hearts of mice that
underwent aortic banding. As both isoforms were expressed in fibrotic hearts
(TGFβ1 p=0.132 control vs. banded; TGFβ2 p=0.017 control vs. banded), we
decided to assess the relative potency of TGFβ1 and TGFβ2 in induction of
EndMT in endothelial cells in vitro, alone and under inflammatory conditions.
Cells were therefore treated with TGFβ1 or TGFβ2, in the presence or absence
of IL-1β. While TGFβ2-treated cells acquired a spindle-shape phenotype, the
morphology of TGFβ1-treated cells did not change compared to untreated
control cells (Fig. 1B). Morphological changes (spindle-shape phenotype and
hill-and-valley pattern of the monolayer) were potentiated by presence of IL1β, and were more explicit in IL-1β and TGFβ2 co-stimulation compared to IL-
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Figure 1. A – Gene expression levels of TGFβ1 and TGFβ2 in fibrotic cardiac tissue. *p<0.05 vs.
Control, unpaired Student t-test. B – Morphology of HUVEC cultured for 96h, upon treatment
with IL-1β or TGFβ1, or TGFβ2, or in co-stimulation. Representative phase contrast micrographs
at 10x original magnification are shown. C – Gene expression levels of early EndMT marker
SM22α after 96h of indicated treatment. ** p<0.01, *** p<0.001, as indicated, determined by
1-way ANOVA with Tukey-Kramer post-hoc comparisons between all pairs of means.

1β and TGFβ1 co-stimulation (Fig. 1B). These observations were corroborated
by the gene expression pattern of the early EndMT marker SM22α, which
was synergistically upregulated by IL-1β and TGFβ2 co-treatment (Fig. 1C).
In contrast, the IL-1β and TGFβ1-induced increase in SM22α expression did
not vary significantly from control levels, and was significantly lower than in
TGFβ2 and IL-1β co-treated cells (Fig. 1C).
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IL-1β and TGFβ2 co-treatment leads to EndMT
We next assessed the kinetics of IL-1β and TGFβ2-induced EndMT in cells that
were continuously treated with both factors. Already after 1 day of treatment
cells acquired an elongated, spindle-shape morphology (Fig. 2A). Between
days 5 and 7 the monolayer became disrupted, followed by the acquisition of a
fibroblast-like morphology by day 14.
These morphological changes were accompanied by a progressive increase of the
expression of mesenchymal genes, SM22α and calponin (Fig. 2B). Consistently,
the protein levels of SM22α and calponin also increased during the treatment
with IL-1β and TGFβ2 (Fig. 2C). Simultaneously, the gene expression of
eNOS was strongly repressed upon IL-1β and TGFβ2 co-treatment, while vWF
gene expression also tended to decrease (Fig. 2B). Remarkably, the protein
expression of both eNOS and vWF was strongly downregulated already from
day 3 onward (Fig. 2C).
The early increase of SM22α and calponin expression was followed by
upregulation of αSMA gene expression at the later time points (Suppl. Fig.
1A). Expression of VE-cadherin increased in the initial phase at the mRNA
level (Suppl. Fig. 1), but it remained stable at the protein level (data not shown).
Snail and Slug (or Snai1 and Snai2, respectively) represent a family of
transcriptional repressors regulating both epithelial to mesenchymal transition
(EMT) and endothelial to mesenchymal transition (EndMT).19, 23, 36, 37
Upregulation of their expression levels is therefore an indicator of EMT and
EndMT. The gene expression levels of both Snail and Slug were significantly
upregulated in cells treated with IL-1β and TGFβ2, although with different
kinetics: while expression of Snail remained increased throughout the whole
time-course, expression of Slug was upregulated at the later stage of EndMT
(Suppl. Fig. 2).
As an important feature of EndMT-derived cells is their potential to contribute
to the fibrotic remodeling, gene expression levels of extracellular matrix
(ECM) proteins fibronectin and collagen I were evaluated. The gene expression
of fibronectin was upregulated in cells within days 1-5, i.e. early after EndMT
induction, and remained increased throughout the time-course (Suppl. Fig. 3).
On the other hand, collagen I gene expression tended to increase only at the
later stage of EndMT (days 10-14) (Suppl. Fig. 3).
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IL-1β and TGFβ2 synergize in the induction of EndMT
We next questioned if IL-1β and TGFβ2 induce EndMT in a synergistic
manner. The treatment with either IL-1β or TGFβ2 led to alterations in cell
morphology. However, under co-stimulation conditions the morphological
changes were more explicit than in case of single-factor stimulation (Fig. 3A):
more pronounced spindle-shape phenotype followed by earlier monolayer
disruption was observed.
In support of the microscopical observations, gene expression levels of SM22α
and calponin were synergistically upregulated at day 5 by IL-1β and TGFβ2
co-stimulation (Fig. 3B). Consistently, the protein expression of SM22α and
calponin at day 5 of stimulation was higher in cells treated with both IL-1β and
TGFβ2 than in cells treated with either factor only (Fig. 3C). eNOS expression
was downregulated both at the gene transcript and at the protein level (Figs. 3B
and C). This effect was IL-1β-dependent, but seemed to be further potentiated
in presence of TGFβ2. vWF gene expression seemed to increase in time, but
interestingly this phenomenon was inhibited under co-stimulation conditions
(Fig. 3B). Remarkably, lower expression of vWF under co-stimulation
conditions was evident at the protein level (Fig. 3C).
The expression of αSMA did not change at these early time points in costimulation conditions, but surprisingly IL-1β treatment alone caused
upregulation of αSMA gene expression (Suppl. Fig. 4). VE-cadherin gene
expression increased at the early time points (Suppl. Fig. 4), but the protein
levels of VE-cadherin remained constant (data not shown).
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IL-1β and TGFβ2 synergistically induce pro-fibrotic, but
not pro-inflammatory responses in endothelial cells
The gene expression levels of the inflammatory factors IL-1β and IL-6 were
elevated in cells in the course of IL-1β and TGFβ2-induced EndMT (Fig. 4A).
Figure 2. A – Morphology of HUVEC cultured for indicated time in control conditions (upper
row) or with IL-1β and TGFβ2 (lower row). Representative phase contrast micrographs at
10x original magnification are shown. B – Gene expression levels of mesenchymal (SM22α,
calponin) and endothelial (eNOS, vWF) markers determined by qRT-PCR. A significant increase
of SM22α and calponin expression levels was observed in the course of stimulation (upper
panel), accompanied by decrease in levels of endothelial markers expression (lower panel). *
p<0.05, ** p<0.01, *** p<0.001 control vs. IL-1β + TGFβ2, paired t-test. C – Representative
Western blots of mesenchymal (SM22α, calponin) and endothelial (eNOS, vWF) proteins from
day 3 to 10 of culture in either control or stimulation conditions, showing increase in SM22α and
calponin protein levels and concomitant decrease in eNOS and vWF protein expression during
EndMT. GAPDH served as loading control.
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Of all three TGFβ isoforms, only TGFβ2 gene expression was progressively
upregulated in the course of EndMT (Fig. 4B). TGFβ1 gene expression was
upregulated only in the initial phase of EndMT, compared to control, and
TGFβ3 gene expression did not change over time (Fig. 4B).
The IL-1β and IL-6 gene expression patterns suggested a positive feedback
pro-inflammatory response. However, while IL-1β alone exerted a strong
upregulation of IL-1β and IL-6 gene expression, this effect was in fact strongly
inhibited in presence of TGFβ2 (Fig. 4C). On the other hand, the upregulation of
the TGFβ2 gene expression was induce.d synergistically by IL-1β and TGFβ2
co-stimulation, already at day 3 of EndMT (Fig. 4D).
TGFβ signaling in endothelial cells is context-dependent and consists of
two pathways that can have antagonistic effects 38. We previously showed
that ALK5-dependent activation of Smad2/3 induces EndMT 14. We further
investigated whether IL-1β and TGFβ2 stimulation leads to activation of profibrotic Smad2. Smad2 phosphorylation and nuclear translocation was induced
by TGFβ2 stimulation, both at day 1 and at day 5 (Suppl. Fig. 5).
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IL-1β is required for induction, but not to sustain EndMT
TGFβ2 had an inhibitory effect on IL-1β gene expression; on the other hand,
IL-1β and TGFβ2 co-treatment synergistically upregulated gene expression of
SM22α, calponin and TGFβ2 itself. These data raised the question about the
role and temporal requirements of the inflammatory IL-1β co-stimulation in
EndMT.
After 5 days of IL-1β and TGFβ2 treatment the gene expression levels of SM22α
and calponin were significantly upregulated (Fig. 5B; a and b). When IL-1β
was excluded from the medium after 3 days of EndMT, the process continued,
as indicated by unaffected levels of SM22α and calponin gene expression (Fig.
5B; c). When cells were pre-treated with IL-1β for 3 days, and then treated with
Figure 3. A – Morphology of HUVEC cultured for indicated time under control conditions,
or with IL-1β, or TGFβ2, or both, as indicated. Representative phase contrast micrographs at
10x original magnification are shown. White bar indicates 10µm. B – Corresponding expression
levels of mesenchymal (SM22α, calponin) and endothelial (eNOS, vWF) genes determined
by qRT-PCR. A synergistic upregulation of SM22α and calponin by co-stimulation with IL-1β
and TGFβ2 was observed. * p<0.05, ** p<0.01, *** p<0.001 vs. control, or as indicated by
lines; determined by 2-way ANOVA with subsequent post-hoc Bonferroni testing between all
conditions. C – Representative Western blots of mesenchymal (SM22α, calponin) and endothelial
(eNOS, vWF) proteins in HUVEC cultured for 5 days under control conditions, or with IL-1β, or
TGFβ2, or both. High expression of SM22α and calponin, as well as loss of vWF expression, was
observed under co-stimulation conditions, as compared to control or single-factor stimulations.
GAPDH served as loading control.
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TGFβ2 only for remaining 2 days (Fig. 5B; d), the upregulation of SM22α gene
expression was not significantly different from control levels (Fig. 5B; d), but
was significantly lower compared to co-stimulation conditions (Fig. 5B; b and
c). When cells were co-stimulated with IL-1β and TGFβ2 after 3 days of IL-1β
pre-treatment (Fig. 5B; e), the SM22α and calponin gene expression reached
the same levels as when only TGFβ2 was used in the last 2 days (Fig. 5B; d).
Remarkably, the TGFβ2 expression pattern resembled the patterns of SM22α
and calponin expression (Fig. 5C). However, in contrast to SM22α and
calponin, also in IL-1β pre-treatment conditions (Fig. 5C; d and e) TGFβ2 was
significantly upregulated compared to control levels. IL-1β on the other hand
showed an on-off pattern, where its expression depended on the presence of
IL-1β in the stimulation medium at the time point of measurement (Fig. 5C).
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NFκB activity is necessary to induce EndMT
The main mediator of IL-1β signaling is the transcription factor NFκB.
Therefore we investigated the role of NFκB activity in IL-1β and TGFβ2induced EndMT.
IL-1β stimulation leads to release of NFκB from complexes with its inhibitory
protein IκBα, through phosphorylation of IκBα by IKK, which allows NFκB
subunits to translocate to the nucleus to promote transcription of target
genes. p65 is one of the main signaling subunits within the canonical NFκB
signaling pathway. Therefore we first investigated cytoplasmic levels and
nuclear translocation of p65. Combined stimulation with IL-1β and TGFβ2
for 24h resulted in additive upregulation of p65 cytoplasmic levels and to its
nuclear translocation (Figure 6A, day 1). To assess the NFκB activation during
advanced EndMT, we also determined p65 levels after 5 days of stimulation.
Upon co-stimulation conditions the protein levels of p65 were still upregulated
Figure 4. Gene expression levels of pro-inflammatory (IL-1β, IL-6) and pro-fibrotic (TGFβ1,
TGFβ2, TGFβ3) factors during long-term stimulation with IL-1β and TGFβ2 compared to control
(A and B) and upon short-term culture under control conditions, or with IL-1β, or TGFβ2, or
both (C and D). A – IL-1β and IL-6 were upregulated in the course of EndMT. * p<0.05, **
p<0.01 control vs. IL-1β + TGFβ2, paired t-test. B – TGFβ2 was continuously upregulated in
the course of EndMT. TGFβ1 was only upregulated at the early time points; TGFβ3 tended to
be downregulated during the process. * p<0.05, ** p<0.01, *** p<0.001 control vs. IL-1β +
TGFβ2, paired t-test. C – IL-1β and IL-6 were strongly upregulated upon IL-1β stimulation; the
effect was diminished in the presence of TGFβ2. *** p<0.001 vs. IL-1β, 2-way ANOVA with
subsequent post-hoc Bonferroni testing between all conditions. D – Synergistical upregulation of
TGFβ2 by IL-1β and TGFβ2 co-stimulation was observed. Such pattern was not found for other
TGFβ isoforms. * p<0.05, ** p<0.01, *** p<0.001, vs. Control or as indicated by lines, by 2-way
ANOVA with subsequent post-hoc Bonferroni testing between all conditions.
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Figure 5. A – The scheme of treatment with indicated stimuli. Cells were treated for 3 days, then
washed and treated for additional 2 days with the same or different medium, as indicated on the
scheme. B – Gene expression levels of SM22α and calponin, after 5 days of indicated treatment
(compare A). See text for description. * p<0.05, ** p<0.01, *** p<0.001 vs. a; # p<0.05 vs. b.
C – Gene expression levels of TGFβ2,** p < 0.01, *** p<0.001 vs. a, # p<0.05 vs. b; and of IL1β, ** p < 0.01, *** p<0.001 vs. a, # p<0.05, ## p < 0.01, ### p<0.001 vs. c and vs. d. See text
for description. All p-values were determined by 1-way ANOVA with Tukey-Kramer post-hoc
comparisons between all pairs of means.
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by IL-1β and TGFβ2 in an additive manner (Figure 6A, day 5). Co-stimulation
with IL-1β and TGFβ2 resulted in increased translocation of p65 to the nucleus.
Nuclear translocation of p65 was inhibited by TGFβ2 treatment alone.
To validate that the activation of NFκB plays a role in IL-1β and TGFβ2-induced
EndMT, EndMT was induced in cells in absence or presence of SC-514, a
selective IKK-2 inhibitor. DMSO-treated control cells showed upregulation of
SM22α and calponin expression upon stimulation with IL-1β and TGFβ2 (Fig.
6B; a). This SM22α and calponin upregulation was inhibited in presence of
SC-514 (Fig. 6B; b). When SC-514 was introduced after 3 days of EndMT, the
gene expression of SM22α and calponin was increased (Fig. 6B; c), but did
not reach the expression levels of IL-1β and TGFβ2-stimulated control cells
(Fig.6B; a).TGFβ2 gene expression also increased in cells treated with IL-1β
and TGFβ2 (Fig.6B; a), but this effects was repressed in presence of SC-514
(Fig. 6B; b). However, in contrast to SM22α and calponin, the introduction of
SC-514 after 3 days of EndMT did not affect TGFβ2 gene expression (Fig. 6B;
c).
IL-1β gene expression was strongly repressed in the presence of SC-514
(Suppl. Fig. 5A), confirming the inhibition of NFκB signaling. Importantly,
the IL-1β expression levels found in IL-1β and TGFβ2-treated cells (already
downregulated due to the presence of TGFβ2) were further decreased in the
presence of inhibitor, showing that the NFκB activity was efficiently blocked
in the condition of interest. The effectiveness of inhibitor was additionally
confirmed by the gene expression pattern of IL-6(Suppl. Fig. 6A).
To further validate that NFκB mediates the effects of IL-1β and TGFβ2, we
overexpressed the dominant negative (DN)-IκBα in HUVEC using adenoviral
vectors 34. Mutated at serines 32 and 36, DN-IκBα cannot be phosphorylated,
and therefore it does not release NFκB subunits upon inflammatory stimulation.
IL-1β and TGFβ2 induced upregulation of gene expression of SM22α, calponin
and TGFβ2 in control LacZ-expressing cells (Fig. 6C). This induction effect
was inhibited in cells overexpressing DN- IκBα (Fig. 6C). The efficiency of the
DN-IκBα in preventing NFκB activation is demonstrated through inhibition of
induction of IL-1β and IL-6 expression (Suppl. Fig. 6B).
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DISCUSSION
This study shows that IL-1β and TGFβ2 synergistically induce endothelial
to mesenchymal transition. In the context of inflammatory co-stimulation,
TGFβ2 is a more potent EndMT-inducer than TGFβ1. Within this interaction,
TGFβ2 may be the factor sustaining EndMT, while exogenous IL-1β is needed
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for efficient EndMT-induction, but is dispensable for continuation of EndMT.
Induction of EndMT by IL-1β and TGFβ2 is mediated by NFκB activation.
The synergistical effects of IL-1β and TGFβ2 are most explicit in the
expression patterns of early EndMT markers, SM22α and calponin. However,
IL-1β and TGFβ2 co-operated also in downregulation of endothelial markers,
such as eNOS and vWF. The increase in gene expression levels of Snail and
Slug further confirms the transdifferentiation, as these transcription factors
are widely associated with EMT,39 and with EndMT.19, 36, 40 The upregulated
gene expression of ECM-components further corroborates a change in cell
phenotype. It is also consistent with the notion that EndMT-derived cells
actively contribute to fibrosis. Altogether, our data show that IL-1β and TGFβ2
co-operate in the induction of EndMT.
This co-operation might be executed through the cross-talk at the level of
NFκB activation, besides other possible mediators. Co-stimulation with IL-1β
and TGFβ2 led to additive upregulation of p65 levels. This accumulation of
p65 in cytoplasm might reflect an activated state of the cells, even though the
upregulation of IL-1β and IL-6 expression were in the same time inhibited by
TGFβ2. The nuclear levels of p65 also were upregulated by IL-1β and TGFβ2 cotreatment, therefore it seems likely that NFκB mediates the pro-EndMT effects,
while its pro-inflammatory transcriptional action is downregulated. This might
occur at a different level than plain nuclear abundance, perhaps in a promoterspecific and/or epigenetic manner. In case of Smad2 activation, TGFβ2 is the
factor inducing Smad2 phosphorylation and its nuclear translocation. NFκB
and Smad2 have been reported to co-operate at the molecular level in EMT.32
Therefore NFκB and Smad2 may also co-operate in the regulation of EndMT.
NFκB was proposed through bioinformatical analysis to co-mediate
inflammation-dependent EndMT in intestinal fibrosis.33 Activated NFκB

II

Figure 6. A – Western blotting analysis of cytoplasmic protein expression levels and nuclear
translocation of p65. Co-treatment with IL-1β and TGFβ2 results in additive upregulation of
p65 expression levels and nuclear translocation of p65 after 1 day and after 5 days of treatment.
25µg of cytoplasmic protein and 10µg of nuclear protein were loaded per lane. GAPDH served
as the cytoplasmic loading control; TBP served as nuclear loading control. B – NFκB activity
is necessary for induction of SM22α, calponin and TGFβ2 upregulation. Cells were treated
as indicated on the scheme: 3 days with media containing DMSO or NFκB inhibitor SC-514,
then washed and treated for remaining 2 days as indicated. ** p < 0.01, *** p<0.001, ns –
non-significant, vs. Control. C – NFκB activity mediates the effects of IL-1β and TGFβ2 cotreatment. The induction of the upregulation of gene expression of SM22α, calponin and TGFβ2
was inhibited upon overexpression of DN-IκBα. * p<0,05, ** p < 0.01, *** p<0.001, ns – nonsignificant, vs. Control. SM22α control levels did not vary significantly between LacZ and
DN-IκBα expressing cells (not indicated). All p-values were determined with 2-way ANOVA
analysis followed by Bonferroni post hoc comparisons.
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was observed in cells undergoing EndMT during embryogenesis and intimathickening,41 and in aged endothelial cells.42 NFκB was also reported to mediate
the effects of inflammatory cytokines in endothelial cells in vitro.43 We show
through inhibitory approaches that NFκB is also necessary for the co-induction
of pathological EndMT by IL-1β and TGFβ2. Inhibition of NFκB led to
inhibition of the SM22α and calponin upregulation upon IL-1β and TGFβ2
stimulation, indicating its central importance in the synergistical action of IL-1β
and TGFβ2. NFκB activity also seems to be required to sustain the progression
of EndMT. To the best of our knowledge we are the first to demonstrate the
functional involvement of NFκB in the process of EndMT, and especially to
show its role as the mediator of the synergistical action of IL-1β and TGFβ
signaling.
Under pro-inflammatory conditions, TGFβ2 is a more potent EndMT-inducer
than TGFβ1. It was also TGFβ2, but not TGFβ1, that was synergistically
upregulated in our system. We also observed before that TGFβ2 isoform gene
expression is increased in endothelial colony forming cells (ECFC) undergoing
EndMT, while TGFβ1 expression was downregulated (unpublished data).
Differential effects of TGFβ isoforms have been reported previously.44-46 Also
structural differences have been found between TGFβ1 and TGFβ2 isoforms,47
that might result in differential receptor affinity or bioavailability.48-51 Different
TGFβ isoforms also play differential roles in the embryonic EndMT,17-21
in which TGFβ2 appears to be the dominant isoform.16 Furthermore, it was
recently reported that the TGFβ2 isoform is upregulated in mice developing
cardiac hypertrophy upon pressure overload challenge.24
Another recent study showed that fibrogenesis in kidney can be prevented
through repression of TGFβ2 expression by miR-200a.25 These findings
underscore the importance of TGFβ2 in pathological processes and therefore
corroborate its potential role in pathological inflammation associated-EndMT.
Rieder et al. recently showed that concomitant TGFβ1, TNF and IL-1β
stimulation leads to enhanced EndMT,33 compared to single-factor stimulations.
However, they propose a dominant role of IL-1β in their system. Besides a
specific pathological setting of their study, the key difference between their and
our observations may lay in the TGFβ isoform employed; it is likely that TGFβ2
is also induced and plays a role in the TGFβ1, TNF and IL-1β-co-induced
EndMT. Nevertheless, the work of Rieder et al. corroborates the crucial role
of IL-1β in EndMT-induction. Here we show that in the IL-1β and TGFβ2-coinduced EndMT the exogenous IL-1β is required at the onset, but not in the
progression of EndMT. This might correlate with the in vivo kinetics, where
in the transition stage between inflammation and remodeling inflammation is
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gradually resolved. Indeed it has been recently shown that macrophages present
during the resolution of inflammation have highly upregulated gene expression
levels of the TGFβ2 isoform, compared to other macrophage subtypes.52 We
observed that TGFβ2 co-stimulation strongly counteracts IL-1β-induced IL-1β
and IL-6 expression in HUVEC. We also show that the interaction between
IL-1β and TGFβ2 is crucial to efficiently induce EndMT. We speculate that: i)
such “boarder-interaction” might occur in damaged tissue, during resolution of
inflammation and transition to the remodeling phase; ii) the co-presence and
interaction of inflammatory (IL-1β) and pro-fibrotic (TGFβ2) factors in such
microenvironment can be a strong signal for endothelial cells to enter EndMT.
In conclusion, we show that IL-1β and TGFβ2 lead to synergistical induction
of EndMT. The differential response of endothelial cells to TGFβ1 and TGFβ2
isoforms in context of inflammatory co-stimulation suggests that, similarly as
in embryonic development, TGFβ2 might play a major role in pathological,
inflammation-associated EndMT. Finally, we demonstrate that induction of
EndMT by IL-1β and TGFβ2 is associated with Smad2 activation and depends
on NFκB activity. Further dissection of mechanisms behind the co-action of
IL-1β and TGFβ2 on endothelium will improve our understanding of EndMT
and its contribution to fibrosis.
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SUPPLEMENTARY MATERIAL
Supplementary Figures

II

Supplementary Figure 1. Gene expression levels of αSMA and VE-cadherin in the course of
stimulation with IL-1β and TGFβ2 compared to control. * p<0.05, ** p<0.01 control vs. IL-1β
+ TGFβ2, paired t-test.

Supplementary Figure 2. Gene expression levels of mesenchymal transition regulators Snail and
Slug, upon long-term IL-1β and TGFβ2 co-stimulation, compared to control. Snail was induced
early in the course of stimulation and its expression remained high throuhgout the process, while
Slug expression was upregulated during the late phase of EndMT. * p<0.05, ** p<0.01 control
vs. IL-1β + TGFβ2, paired t-test.
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Supplementary Figure 3. Gene expression levels of extracellular matrix components fibronectin
and collagen I in the course of IL-1β and TGFβ2 co-stimulation, compared to control levels.
A continuous upregulation of fibronectin and tendency towards collagen I upregulation were
observed. # p<0.1, * p<0.05, ** p<0.01, *** p<0.001 control vs. IL-1β + TGFβ2, paired t-test.

Supplementary Figure 4. Gene expression levels of αSMA and VE-cadherin upon culture in
control conditions, or with IL-1β, or TGFβ2, or both. * p<0.05, ** p<0.01, *** p<0.001 vs.
control, or as indicated by lines; 2-way ANOVA with subsequent post-hoc Bonferroni testing
between all conditions.
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Supplementary Figure 5. Western blotting analysis of activation of Smad2. Smad2 underwent
phosphorylation and nuclear translocation upon TGFβ2 stimulation. 25µg of cytoplasmic protein
and 10µg of nuclear protein were loaded per lane. GAPDH served as the cytoplasmic loading
control; TBP served as nuclear loading control.
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Supplementary Figure 6. A - Gene expression levels of IL-1β and IL-6 upon treatment with
NFκB inhibitor SC-514 (compare Figure 6B). SC-514 treatment efficiently suppressed IL-1β
and IL-6 expression, proving efficient inhibition of NFκB transcriptional activity. *** p<0.001,
ns – non-significant, vs. Control ### p<0.001 vs. IL-1β + TGFβ2. B – Gene expression levels
of IL-1β and IL-6. Overexpression of DN-IκBα prevented upregulation of IL-1β and IL-6 gene
expression upon stimulation. *** p<0.001, ns – non-significant, vs. Control. All p-values were
determined with 2-way ANOVA followed by Bonferroni post hoc comparisons. C – Activity of
β-galactosidase (blue staining) in cells 24h after transduction with LacZ adenoviral vectors, 500
MOI. Representative images are shown, white bar indicates 10µm. D – Protein expression of
DN-IκBα (anti-HA-tag) 6 days after transduction with DN-IκBα adenoviruses at 500 MOI (i.e.
day 5 of stimulation with IL-1β and TGFβ2 ). Expression of the construct did not vary between
control and stimulation conditions. Western blot with 20µg of protein per lane; β-actin serves as
loading control.
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Gene

Species

Sequence 5’à 3’

αSMA

H

F: CTGTTCCAGCCATCCTTCAT
R: TCATGATGCTGTTGTAGGTGGT

β-ACTIN

H

F: CCAACCGCGAGAAGATGA
R: CCAGAGGCGTACAGGGATAG

β-actin

M

Calponin

H

Collagen I

H

eNOS

H

Fibronectin

H

GAPDH

H

gapdh

M

IL-1β

H

IL-6

H

Slug

H

SM22α

H

Snail

H

TGFβ1

H

TGFβ2

H

TGFβ3

H

tgfβ1

M

tgfβ2

M

VE-cadherin

H

vWF

H

F: CTAAGGCCAACCGTGAAAAG
R: ACCAGAGGCATACAGGGACA
F: TGAAGTACGCAGAGAAGCAG
R: CAGCTTGGGGTCGTAGAG
F: CTGGAGAGGCTGGTACTGCT
R: AGCACCAAGAAGACCCTGAG
F: ATTTCCACGGAAACTACAGG
R: TCTCCCTAAGCTGGTAGGTG
F: CTGGCCGAAAATACATTGTAAA
R: CCACAGTCGGGTCAGGAG
F: AGCCACATCGCTCAGACAC
R: GCCCAATACGACCAAATCC
F: AGCTTGTCATCAACGGGAAG
R: TTTGATGTTAGTGGGGTCTCG
F: AAGCTGGAATTTGAGTCTGC
R: ACACAAATTGCATGGTGAAG
F: ACTTGCCTGGTGAAAATCAT
R: CAGGAACTGGATCAGGACTT
F: TGGTTGCTTCAAGGACACAT
R: GTTGCAGTGAGGGCAAGAA
F: CTGAGGACTATGGGGTCATC
R: TAGTGCCCATCATTCTTGGT
F: GCTGCAGGACTCTAATCCAGA
R: ATCTCCGGAGGTGGGATG
F: CTCGCCAGAGTGGTTATCTT
R: GGAGCTGAAGCAATAGTTGC
F: ATAAATTTCAGCCCAGGTCA
R: CCAAAAGGGAAGAGATGAAA
F: ACACTTGGTTAGACGCCTTC
R: ACCAAATGAACACAGGGTCT
F: TGGAGCAACATGTGGAACTC
R: CAGCAGCCGGTTACCAAG
F: TGGAGTTCAGACACTCAACACA
R: AAGCTTCGGGATTTATGGTGT
F: AAGCCTCTGATTGGCACAGT
R: CTGGCCCTTGTCACTGGT
F: AGTGAGCCTCTCCGTGTATC
R: TCACCGGACAGCTTGTAGTA

H – human, M – mouse
Supplementary Table 1
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Average gene expression normalised to GAPDH and β-actin expression levels
Figure
Condition
Day
Sm22α
calponin
2B, 4A, 4B
control
1
0,0043397
0,0000324
S1, S2,S3
IL-1β+TGFβ2
1
0,0068517
0,0000370
control
3
0,0019948
0,0000413
IL-1β+TGFβ2
3
0,0223915
0,0001559
control
5
0,0020851
0,0000405
IL-1β+TGFβ2
5
0,1005576
0,0008856
control
7
0,0035436
0,0000357
IL-1β+TGFβ2
7
0,1847620
0,0033103
control
10
0,0062985
0,0000414
IL-1β+TGFβ2
10
0,3869222
0,0086817
control
14
0,0072406
0,0000484
IL-1β+TGFβ2
14
0,3740107
0,0120335
3B, 4C, 4D
control
1
0,0043201
0,0000408
S4
IL-1β
1
0,0025319
0,0000310
TGFβ2
1
0,0059645
0,0000363
IL-1β+TGFβ2
1
0,0059192
0,0000313
control
3
0,0031513
0,0000423
IL-1β
3
0,0031673
0,0000500
TGFβ2
3
0,0098396
0,0000521
IL-1β+TGFβ2
3
0,0508154
0,0002280
control
5
0,0038506
0,0000372
IL-1β
5
0,0067604
0,0000789
TGFβ2
5
0,0147179
0,0000676
IL-1β+TGFβ2
5
0,1410070
0,0008893
1C
control
4
0,0018313
TGFβ1
4
0,0024661
TGFβ2
4
0,0072662
IL-1β
4
0,0028188
IL-1β+TGFβ1
4
0,0111512
IL-1β+TGFβ2
4
0,0312476
1A
control
7
banded
7
5B, 5C
control
5
0,0020064
0,0000414
IL-1β+TGFβ2
5
0,1025206
0,0004697
I+T 3d + TGFβ2 2d
5
0,1271451
0,0005851
TGFβ2 3d + I+T 2d
5
0,0398229
0,0001373
IL-1β 3d + I+T 2d
5
0,0573878
0,0002725
IL-1β 3d + TGFβ2 2d
5
0,0584995
0,0003067
6B, S6A
control DMSO
5
0,0016528
0,0001408
IL-1β DMSO
5
0,0038696
0,0000726
I+T DMSO
5
0,0999843
0,0007205
control SC-514 5d
5
0,0012801
0,0000675
IL-1β SC-514 5d
5
0,0017826
0,0000448
I+T SC-514 5d
5
0,0132096
0,0000667
control SC-514 at d3
5
0,0016875
0,0000947
IL-1β SC-514 at d3
5
0,0024458
0,0000827
I+T SC-514 at d3
5
0,0719485
0,0003965
6C, S6b
LacZ control
5
0,0415695
0,0012969
LacZ IL-1β+TGFβ2
5
0,1185518
0,0035495
DN-IκBα control
5
0,0772333
0,0012507
DN-IκBα IL-1β+TGFβ2
5
0,1006228
0,0019803
I+T - IL-1β + TGFβ2
Supplementary Table 2
eNOS
0,0127897
0,0018166
0,0129267
0,0012561
0,0122810
0,0008913
0,0141174
0,0005977
0,0164149
0,0006096
0,0176569
0,0007446
0,0132014
0,0028466
0,0067708
0,0046931
0,0166617
0,0028261
0,0084789
0,0014934
0,0162461
0,0030745
0,0090752
0,0008690

vWF
0,2552480
0,2270711
0,4840533
0,3340725
0,6445447
0,4889573
0,6096308
0,4168538
0,5180692
0,3170878
0,4710905
0,2156995
0,5288576
0,4273783
0,5670800
0,4542067
0,7140174
0,5852987
0,9374355
0,5229879
0,8256886
0,7960239
0,9690388
0,6068222

αSMA
VE-cadherin
0,0026347
0,3624760
0,0023318
0,4896052
0,0022277
0,4634704
0,0034604
0,6372335
0,0024259
0,5587888
0,0042153
0,6988087
0,0028539
0,6237145
0,0048545
0,6285731
0,0026071
0,4619001
0,0071045
0,4271031
0,0023849
0,4420939
0,0079531
0,3450016
0,0032648
0,4364410
0,0033514
0,5685488
0,0029563
0,5564129
0,0025619
0,5647110
0,0026735
0,5060770
0,0049570
0,7230619
0,0023306
0,6528127
0,0039665
0,7035099
0,0028523
0,5614555
0,0065058
0,8365324
0,0023420
0,6935765
0,0040858
0,7085314

Snail
0,0049921
0,0135320
0,0037375
0,0164770
0,0036065
0,0146521
0,0044635
0,0137173
0,0047790
0,0111549
0,0055571
0,0115169

Slug
Fibronectin Collagen I
0,0009389 0,5070532 0,0023923
0,0007293 1,6988456 0,0014148
0,0008562 0,7386392 0,0051301
0,0009950 4,1232889 0,0017977
0,0008334 0,9284510 0,0073192
0,0016270 4,8241979 0,0045547
0,0009772 1,0815012 0,0090561
0,0020274 3,4661859 0,0124638
0,0008307 0,8979647 0,0080747
0,0025572 2,8634935 0,0367458
0,0006492 1,0208609 0,0104699
0,0031453 2,3858242 0,0564204
0,6627468 0,0017154
1,3902450 0,0009850
1,3018369 0,0014450
2,0643686 0,0016167
0,9238136 0,0033148
3,2632773 0,0017820
2,1649738 0,0039159
4,8414964 0,0014941
1,1754677 0,0063917
3,3237354 0,0028894
2,4286777 0,0067307
5,0269610 0,0036688

IL-6
0,0061573
0,0306651
0,0044718
0,0173879
0,0039332
0,0470954
0,0039692
0,0950832
0,0043618
0,1453143
0,0038928
0,1436556
0,0076932
0,1967538
0,0131267
0,0279125
0,0062377
0,2613171
0,0039884
0,0440349
0,0058271
0,3266208
0,0049021
0,0941629

0,0037238
0,4840157
0,0917236
0,0053207
0,0258315
0,0064567
0,0059346
0,0397537
0,0128041
0,0045460
0,0231239
0,0044415
0,0090037

IL-1β
0,0000557
0,0034478
0,0000475
0,0056545
0,0000414
0,0119189
0,0000675
0,0230969
0,0000724
0,0269799
0,0000860
0,0490704
0,0004080
0,0250757
0,0013833
0,0022966
0,0003528
0,1036061
0,0002524
0,0065106
0,0002862
0,1587367
0,0003245
0,0164103

0,0001445
0,0121434
0,0006171
0,0123190
0,0200952
0,0010682
0,0000673
0,3347675
0,0083145
0,0000429
0,0036533
0,0002919
0,0000534
0,0089893
0,0002040
0,0000994
0,0010718
0,0000556
0,0001800

TGFβ2
0,0000309
0,0001597
0,0000109
0,0004643
0,0000124
0,0011860
0,0000322
0,0020581
0,0000463
0,0027662
0,0000756
0,0029614
0,0000092
0,0000262
0,0000411
0,0000358
0,0000093
0,0000706
0,0000818
0,0002819
0,0000131
0,0002108
0,0001609
0,0007370

0,004449
0,008427
0,0000013
0,0003078
0,0002620
0,0000999
0,0002053
0,0001696
0,0000004
0,0000324
0,0001804
0,0000004
0,0000009
0,0000234
0,0000004
0,0000254
0,0002340
0,0006390
0,0022556
0,0004486
0,0012142

TGFβ1
0,2443874
0,3981511
0,2967604
0,4530462
0,3214113
0,4279148
0,3788083
0,3859025
0,4554925
0,4133381
0,5706000
0,3456970
0,3531232
0,3985883
0,4820785
0,5561870
0,3787222
0,5014410
0,5863874
0,6750943
0,3992803
0,4252021
0,6202189
0,5799607

0,014947
0,023959

TGFβ3
0,0003398
0,0004251
0,0004664
0,0003166
0,0004806
0,0003390
0,0005684
0,0003122
0,0004889
0,0004009
0,0004156
0,0003128
0,0017593
0,0016588
0,0014835
0,0015004
0,0022121
0,0025428
0,0021785
0,0014271
0,0022062
0,0031407
0,0021355
0,0013579
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