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tlr5. As shown by immunofluorescence (figure 6B), the 
protein level of collagen I and tlr5 was unchanged in the 
6 weeks treated mice. Interestingly, both collagen I and 
tlr5 distributed differently in treated mice in comparison 

to untreated mice. It could also observe an accumulation 
of both proteins in the fibrotic areas (yellow arrows). 
Prolonged treatment (12 weeks) with TAA and ethanol 
caused a pronounced fibrosis in murine livers (figure 7). 
The detection of collagen I and tlr5 evidenced that both 
proteins localised in the stiffness of fibrotic areas and 
their expression increased in comparison with untreated 
and 6 weeks treated mice. Further analysis of mice treated 
for 18 weeks with TAA and ethanol evidenced a strong 
fibrosis (figure 8). The expression of collagen I and tlr5 
in these liver specimens is extremely high and distributed 
not only in the fibrotic areas but also in the rest of the 
tissue (figure 8). Interestingly, liver tissue is character-
ised for the simultaneous expression of both collagen I 
and tlr5 in the same areas. Additionally, the transcripts of 
col1a1 and acta2, detected in 18 weeks treated mice, were 
significantly overexpressed. The tlr5 transcript was stable 
(box and whisker plots, figure 8).

DISCUSSION
There have been many evidences, within the last 
decades, that bacterial components such as microbiome 
or bacteria itself are key drivers in liver fibrosis. Flagel-
lin—a part of most entero- bacteria and other intestinal 
prokaryotes—is the natural ligand to TLR- 5. Meanwhile 
portal- hypertension, flagellin is able to transit from 
the intraluminal compartment into the portosystemic 
circulation.27–30

This study was set up to analyse the expression of TLR5 
in hepatic and pancreatic stellate cells and its involve-
ment in the TGF-β-mediated transition. Stellate cells 
express at basal level TLRs, especially TLR3, TLR4 and 
TLR5 in our proposed model. Active cells evidenced 
an over- expression of TLR5, which exert a key role for 
the cellular transition as well. This study highlighted a 
double- edged sword mechanism of TLR5 relying on the 
signalling pathways activated in the presence of TGF-β.

Stellate cells of liver and pancreas are responsible for 
the storage of vitamin A and fatty acids. They are able 
to transactivate during tissue damage and colonise the 

Figure 6 Detection of fibrosis and transactivation markers 
in murine fibrotic liver tissue. Detection of the three different 
collagen fibres in thioacetamide/ethanol induced liver fibrosis 
(A). Picrosirius stained collagen fibres type I are evidenced 
by the red colour (normal light) and yellow- orange (polarised 
light). The yellow (normal light) green colour (polarised 
light) evidence the deposit of muscle/vascular fibers of 
collagen type III. (B) Immunofluorescence detection of the 
transactivation marker collagen I (red) and tlr5 (green) in mice 
treated for 6 weeks with thioacetamide/ethanol. Nuclei were 
stained with Hoechst 33342 (blue).

Figure 7 Detection of collagen I and tlr5 in murine fibrotic liver tissue after 12 weeks of treatment. Immunofluorescence 
detection of the transactivation marker collagen I (red) and tlr5 (green) in mice treated for 12 weeks with thioacetamide/ethanol. 
Nuclei were stained with Hoechst 33342 (blue).
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surrounding tissue exerting a repair process of fibrosis. 
An exacerbation of such a process has been correlated 
with pathological alteration of liver and pancreas, 
thus leading to cirrhosis in the liver and, furthermore, 
tumourigenesis in both organs.8 9 11–14

Both hepatic and pancreatic stellate cells, when incu-
bated with TGF-β31 showed an over- expression of the 
transactivation responsible genes COL1A1 and ACTA232 
and, additionally, an upregulation of TLR5, VIM and 
SNAI1. The protein level of these genes was found upreg-
ulated also in monolayer and LX2- derived and HPSC2.2- 
derived spheroids. Although only a weak suppressing 
effect of these genes could be observed after knockdown 
of TLR5, its silencing caused a significant downregula-
tion of the protein level of Collagen I, αSMA, Vimentin 
and TLR5 protein. Interestingly, it could be evidenced 
that TLR5- kd was able to neutralise the transactivation 
mediated by the administration of TGF-β thus leading to 
a suppression of the proteins αSMA, Collagen I, TLR5, 
SNAIL and Vimentin in both hepatic and pancreatic stel-
late cells monolayer and spheroids.

The administration of flagellin, the ligand of TLR5,33 
was not able to induce itself the transactivation of the 
hepatic LX- 2 and pancreatic HPSC2.2 stellate cells. 
Surprisingly, both cells showed a downregulation of TLR5, 
COL1A1 and ACTA2, thus excluding TLR5 as unique 
responsible for the transactivation and highlighting an 
inhibitory effect of TLR5, even after the administration 
of TGF-β, in the hepatic and pancreatic stellate cells. 
Instead, antagonising TLR5 did not inhibit the expres-
sion of TLR5, COL1A1 and ACTA2 and prompted the 
efficacy of TGF-β to further induce the over- expression 
of such genes. The solo administration of wortmannin, 
a well- known inhibitor of the PI3K/AKT pathway and 
able to modulate flagellin- induced gene expression,34 
was able to downregulate COL1A1 and ACTA2 but not 
TLR5 transcripts. Its inhibitory effect was hampered by 
TGF-β,which caused the over- expression of COL1A1 and 
ACTA2 transcripts. Analysis of the protein level high-
lighted the ability of wortmannin to suppress P- AKT and, 

furthermore, Collagen I. TGF-β was able to upregulate 
P- AKT and neutralise the inhibitory effect of wortmannin 
on the expression of Collagen I. Thus, highlighting, for 
the first time, an involvement of the PI3K/AKT pathway 
in the mechanisms mediated by TGF-β and TLR5. The 
development of liver fibrosis, observed in mice treated 
with TAA,35 timely correlated with an increase of col1a1 
and acta2 and the protein level of the inducible collagen 
I and the αSMA. Interestingly, it was found a significant 
upregulation of tlr5 and its encoded protein, especially in 
the high fibrotic areas of the murine liver tissue after long 
time exposure to TAA. Thus, highlighting a direct contri-
bution of tlr5 to the development of liver fibrosis and an 
active role in the transactivating process of the stellate 
cells. Such conclusions have been previously observed in 
carbon tetrachloride treated mice knocked out for tlr536 
and in a bile duct ligation liver fibrosis model.20

Based on the current findings, the study highlights 
that TLR5 correlates strictly with the transactivation of 
hepatic and pancreatic stellate cells in vitro and in vivo. 
The transient inactivation of TLR5 was able to suppress 
the expression of the activating genes COL1A1 and 
ACTA2 and their encoded proteins, even after the admin-
istration of the most potent activator TGF-β. Even though 
in contrast with the previously observed effects of TLR5 
in a mouse model of partial hepatectomy21 and hepato-
toxin, cholestasis,20 the current study pointed to find the 
possible implication of TLR5 in TGF-β-mediated transac-
tivation of stellate cells. Interestingly, a direct activation 
of TLR5 by the administration of flagellin20 21 inhibited 
the transactivation, which was prompted, instead, by 
the combination of TGF-β and TLR5 antagonist. The 
administration of wortmannin inhibited the expression 
of the transactivation proteins similarly to flagellin but 
did not modulate the expression of TLR5. To summarise 
the current findings, it could be assumed that the treat-
ment with TGF-β promoted the transcriptional activity 
of SMAD (Mothers Against Decapenthaplegic) in the 
stellate cells.37–39 Thus prompting the transcription of 
COL1A1, ACTA2 and TLR5 genes. Additionally, TGF-β 

Figure 8 Detection of collagen I and tlr5 in murine fibrotic liver tissue after 18 weeks of treatment. Immunofluorescence 
detection (left panels) of the transactivation marker collagen I (red) and tlr5 (green) in mice treated for 12 weeks with 
thioacetamide/ethanol. Nuclei were stained with Hoechst 33342 (blue). Box and whiskers plots of the transcript expression of 
col1a1, tlr5 and acta2. Shown are means of six mice values±SEM.
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promotes the activity of PI3K/AKT,37 which inhibits 
NF- kB (Nuclear Factor- kappaB). The inhibition of NF- kB 
impedes the suppression of TLR5, COL1A1 and ACTA2. 
The activation of TLR5 by the administration of flagellin 
or the inhibition of PI3K/AKT mediated by the applica-
tion of wortmannin unleash NF- kB thus leading to the 
suppression of the transcription of such genes and the 
block of transactivation of the stellate cells.

In conclusion, TLR5 gene is transcribed after adminis-
tration of TGF-β and its expression is bound to the stellate 
cell transactivation process. Instead, a direct activation of 
TLR5, mediated by its ligand flagellin, would preferably 
suppress the transactivation of stellate cells, even in cells 
treated with TGF-β.

Our data are underlining the role of TLR- 5 as a drug-
gable target, since new compounds, for example, siRNA/
compound loaded nanoparticles, have been found and 
are under investigation in ongoing clinical trials.40 41 
These in vitro findings conduct a step forward closing the 
gap between the descriptive observations of bacteria and 
enhanced organ fibrosis, for example, Helicobacter hepat-
icus (H. hepaticus) in patients suffering from inflammatory 
hepatitis.42 Furthermore, it has been shown that H. hepat-
icus is responsible for the induction of liver fibrosis by 
triggering the expression of the interleukin- 33 receptor 
ST2 in BALB/c mice, thus not excluding the involvement 
of other inflammatory pathways.43 It is reasonable that 
bacteria are able to orchestrate a pro- inflammatory envi-
ronment through the flagellin receptor TLR- 5, which is 
cross activated by TGF-β.

Targeting TLR- 5 would be the new target to silence 
organ fibrosis conducting to resolve extracellular matrix 
and inflammation. Nonetheless, TLR5 represents a drug-
gable target for other human diseases. It has been shown 
that TLR5 and other TLRs are over- expressed in patients 
affected by lupus44 and are diagnostic markers for oesoph-
ageal adenocarcinoma.45 Interestingly, the expression 
of TLR5 has been correlated with a better prognosis of 
patients affected by colorectal adenocarcinoma46 and 
its expression has been found in nasopharyngeal carci-
noma.47 However, the molecular mechanisms causing its 
over- expression still need to be clarified in such human 
diseases. The conclusions raised by our study highlighted 
not only new aspects regarding the molecular mecha-
nisms underlying the role exerted by TLR5 but also the 
implication of an interaction within undesirable guests 
(bacterial pathogens) and human specialised cells of 
different tissues and organs.
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