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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.

Acknowledgements  Thanks to Scott Friedman (Icahn School of Medicine at 
Mount Sinai, New York, USA) for kindly providing the LX-2 cells.

Contributors  PDF, SMi, ITB and MB performed the experiments and the analysis 
of the data. PDF and SMa wrote the manuscript draft. PDF, DS and TW edited and 
revised the manuscript. PDF and TW are responsible for the overall content of the 
manuscript.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent for publication  Not applicable.

Ethics approval  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as supplementary information.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Pietro Di Fazio http://orcid.org/0000-0003-0091-8498

REFERENCES
	 1	 Bonnans C, Chou J, Werb Z. Remodelling the extracellular matrix in 

development and disease. Nat Rev Mol Cell Biol 2014;15:786–801. 
	 2	 Eming SA, Wynn TA, Martin P. Inflammation and metabolism in 

tissue repair and regeneration. Science 2017;356:1026–30. 
	 3	 Hyun J, Han J, Lee C, et al. Pathophysiological aspects of alcohol 

metabolism in the liver. Int J Mol Sci 2021;22:5717. 
	 4	 Watari N, Hotta Y, Mabuchi Y. Morphological studies on a vitamin 

A-storing cell and its complex with macrophage observed in mouse 
pancreatic tissues following excess vitamin a administration. 
Okajimas Folia Anat Jpn 1982;58:837–58. 

	 5	 Hernandez-Gea V, Friedman SL. Pathogenesis of liver fibrosis. Annu 
Rev Pathol 2011;6:425–56. 

	 6	 Bachem MG, Schneider E, Gross H, et al. Identification, culture, 
and characterization of pancreatic stellate cells in rats and humans. 
Gastroenterology 1998;115:421–32. 

	 7	 Wang S, Friedman SL. Hepatic fibrosis: a convergent response to 
liver injury that is reversible. J Hepatol 2020;73:210–1. 

	 8	 Apte MV, Park S, Phillips PA, et al. Desmoplastic reaction in 
pancreatic cancer: role of pancreatic stellate cells. Pancreas 
2004;29:179–87. 

	 9	 Wu Y, Zhang C, Jiang K, et al. The role of stellate cells in pancreatic 
ductal adenocarcinoma: targeting perspectives. Front Oncol 
2020;10:621937. 

	10	 Kiziltas S. Toll-like receptors in pathophysiology of liver diseases. 
World J Hepatol 2016;8:1354–69. 

	11	 Henao-Mejia J, Elinav E, Thaiss CA, et al. Role of the intestinal 
microbiome in liver disease. J Autoimmun 2013;46:66–73. 

	12	 Schwabe RF, Seki E, Brenner DA. Toll-like receptor signaling in the 
liver. Gastroenterology 2006;130:1886–900. 

	13	 Seki E, Brenner DA. Toll-like receptors and adaptor molecules in liver 
disease: update. Hepatology 2008;48:322–35. 

	14	 Chen Y, Sun R. Toll-like receptors in acute liver injury and 
regeneration. Int Immunopharmacol 2011;11:1433–41. 

	15	 Huebener P, Schwabe RF. Regulation of wound healing and 
organ fibrosis by toll-like receptors. Biochim Biophys Acta 
2013;1832:1005–17. 

	16	 Bataller R, Brenner DA. Liver fibrosis. J Clin Invest 2005;115:209–18. 
	17	 Paik YH, Schwabe RF, Bataller R, et al. Toll-like receptor 4 mediates 

inflammatory signaling by bacterial lipopolysaccharide in human 
hepatic stellate cells. Hepatology 2003;37:1043–55. 

	18	 Zhang Y, Li Y, Mu T, et al. Hepatic stellate cells specific liposomes 
with the toll-like receptor 4 shRNA attenuates liver fibrosis. J Cell 
Mol Med 2021;25:1299–313. 

	19	 Zhang Y, Yue D, Cheng L, et al. Vitamin A-coupled liposomes 
carrying TLR4-silencing shRNA induce apoptosis of pancreatic 
stellate cells and resolution of pancreatic fibrosis. J Mol Med 
2018;96:445–58. 

	20	 Zhou Z, Kim J-W, Qi J, et al. Toll-like receptor 5 signaling ameliorates 
liver fibrosis by inducing interferon Β-modulated IL-1 receptor 
antagonist in mice. Am J Pathol 2020;190:614–29. 

	21	 Zhang W, Wang L, Sun X-H, et al. Toll-like receptor 5-mediated 
signaling enhances liver regeneration in mice. Mil Med Res 
2021;8:16. 

	22	 Yiu JHC, Chan K-S, Cheung J, et al. Gut microbiota-associated 
activation of TLR5 induces apolipoprotein A1 production in the liver. 
Circ Res 2020;127:1236–52. 

	23	 Masamune A, Kikuta K, Watanabe T, et al. Pancreatic stellate cells 
express toll-like receptors. J Gastroenterol 2008;43:352–62. 

copyright.
 on D

ecem
ber 10, 2023 by guest. P

rotected by
http://bm

jopengastro.bm
j.com

/
B

M
J O

pen G
astroenterol: first published as 10.1136/bm

jgast-2023-001148 on 11 July 2023. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-0091-8498
http://dx.doi.org/10.1038/nrm3904
http://dx.doi.org/10.1126/science.aam7928
http://dx.doi.org/10.3390/ijms22115717
http://dx.doi.org/10.2535/ofaj1936.58.4-6_837
http://dx.doi.org/10.1146/annurev-pathol-011110-130246
http://dx.doi.org/10.1146/annurev-pathol-011110-130246
http://dx.doi.org/10.1016/s0016-5085(98)70209-4
http://dx.doi.org/10.1016/j.jhep.2020.03.011
http://dx.doi.org/10.1097/00006676-200410000-00002
http://dx.doi.org/10.3389/fonc.2020.621937
http://dx.doi.org/10.4254/wjh.v8.i32.1354
http://dx.doi.org/10.1016/j.jaut.2013.07.001
http://dx.doi.org/10.1053/j.gastro.2006.01.038
http://dx.doi.org/10.1002/hep.22306
http://dx.doi.org/10.1016/j.intimp.2011.04.023
http://dx.doi.org/10.1016/j.bbadis.2012.11.017
http://dx.doi.org/10.1172/JCI24282
http://dx.doi.org/10.1053/jhep.2003.50182
http://dx.doi.org/10.1111/jcmm.16209
http://dx.doi.org/10.1111/jcmm.16209
http://dx.doi.org/10.1007/s00109-018-1629-6
http://dx.doi.org/10.1016/j.ajpath.2019.11.012
http://dx.doi.org/10.1186/s40779-021-00309-4
http://dx.doi.org/10.1161/CIRCRESAHA.120.317362
http://dx.doi.org/10.1007/s00535-008-2162-0
http://bmjopengastro.bmj.com/


10 Di Fazio P, et al. BMJ Open Gastroenterol 2023;10:e001148. doi:10.1136/bmjgast-2023-001148

Open access�

	24	 Matrood S, de Prisco N, Wissniowski TT, et al. Modulation of 
pancreatic neuroendocrine neoplastic cell fate by autophagy-
mediated death. Neuroendocrinology 2021;111:965–85. 

	25	 Kornek M, Raskopf E, Guetgemann I, et al. Combination of 
systemic thioacetamide (TAA) injections and ethanol feeding 
accelerates hepatic fibrosis in C3H/he mice and is associated with 
Intrahepatic up regulation of MMP-2, VEGF and ICAM-1. J Hepatol 
2006;45:370–6. 

	26	 Lua I, Li Y, Zagory JA, et al. Characterization of hepatic stellate cells, 
portal fibroblasts, and mesothelial cells in normal and fibrotic livers. 
J Hepatol 2016;64:1137–46. 

	27	 Schwimmer JB, Johnson JS, Angeles JE, et al. Microbiome 
signatures associated with steatohepatitis and moderate to 
severe fibrosis in children with nonalcoholic fatty liver disease. 
Gastroenterology 2019;157:1109–22. 

	28	 Arab JP, Martin-Mateos RM, Shah VH. Gut-liver axis, cirrhosis 
and portal hypertension: the chicken and the egg. Hepatol Int 
2018;12:24–33. 

	29	 Simbrunner B, Mandorfer M, Trauner M, et al. Gut-liver axis signaling 
in portal hypertension. World J Gastroenterol 2019;25:5897–917. 

	30	 Gedgaudas R, Bajaj JS, Skieceviciene J, et al. Circulating 
microbiome in patients with portal hypertension. Gut Microbes 
2022;14:2029674. 

	31	 Gressner AM, Weiskirchen R, Breitkopf K, et al. Roles of TGF-beta in 
hepatic fibrosis. Front Biosci 2002;7:d793–807. 

	32	 Liu X, Rosenthal SB, Meshgin N, et al. Primary alcohol-activated 
human and mouse hepatic stellate cells share similarities in gene-
expression profiles. Hepatol Commun 2020;4:606–26. 

	33	 Yoon S, Kurnasov O, Natarajan V, et al. Structural basis of TLR5-
flagellin recognition and signaling. Science 2012;335:859–64. 

	34	 Yu Y, Nagai S, Wu H, et al. TLR5-mediated phosphoinositide 
3-kinase activation negatively regulates flagellin-induced 
proinflammatory gene expression. J Immunol 2006;176:6194–201. 

	35	 Patsenker E, Stoll M, Millonig G, et al. Cannabinoid receptor type I 
modulates alcohol-induced liver fibrosis. Mol Med 2011;17:1285–94. 

	36	 Shu M, Huang D, Hung Z, et al. Inhibition of MAPK and NF-ΚB 
signaling pathways alleviate carbon tetrachloride (CCl4)-Induced 
liver fibrosis in toll-like receptor 5 (TLR5) deficiency mice. Biochem 
Biophys Res Commun 2016;471:233–9. 

	37	 Derynck R, Zhang YE. SMAD-dependent and SMAD-independent 
pathways in TGF-beta family signalling. Nature 2003;425:577–84. 

	38	 Hu H-H, Chen D-Q, Wang Y-N, et al. New insights into TGF-Β/
SMAD signaling in tissue fibrosis. Chem Biol Interact 
2018;292:76–83. 

	39	 Xu F, Liu C, Zhou D, et al. TGF-Β/SMAD pathway and its regulation 
in hepatic fibrosis. J Histochem Cytochem 2016;64:157–67. 

	40	 Anwar MA, Shah M, Kim J, et al. Recent clinical trends in toll-like 
receptor targeting therapeutics. Med Res Rev 2019;39:1053–90. 

	41	 Hennessy EJ, Parker AE, O’Neill LAJ. Targeting toll-like receptors: 
emerging therapeutics Nat Rev Drug Discov 2010;9:293–307. 

	42	 Kleine M, Worbs T, Schrem H, et al. Helicobacter hepaticus induces 
an inflammatory response in primary human hepatocytes. PLoS One 
2014;9:e99713. 

	43	 Cao S, Zhu L, Zhu C, et al. Helicobacter hepaticus infection-induced 
IL-33 promotes hepatic inflammation and fibrosis through ST2 
signaling pathways in BALB/C mice. Biochem Biophys Res Commun 
2020;525:654–61. 

	44	 Wu Y, Tang W, Zuo J. Toll-like receptors: potential targets for 
lupus treatment. Acta Pharmacol Sin 2015;36:1395–407. 

	45	 Davakis S, Kapelouzou A, Liakakos T, et al. The role of toll-like 
receptors in esophageal cancer. Anticancer Res 2022;42:2813–8. 

	46	 Beilmann-Lehtonen I, Hagström J, Kaprio T, et al. The relationship 
between the tissue expression of TLR2, TLR4, TLR5, and TLR7 
and systemic inflammatory responses in colorectal cancer patients. 
Oncology 2021;99:790–801. 

	47	 Ruuskanen M, Leivo I, Minn H, et al. Expression of toll-like 
receptors in non-endemic nasopharyngeal carcinoma. BMC 
Cancer 2019;19:624. 

copyright.
 on D

ecem
ber 10, 2023 by guest. P

rotected by
http://bm

jopengastro.bm
j.com

/
B

M
J O

pen G
astroenterol: first published as 10.1136/bm

jgast-2023-001148 on 11 July 2023. D
ow

nloaded from
 

http://dx.doi.org/10.1159/000512567
http://dx.doi.org/10.1016/j.jhep.2006.03.017
http://dx.doi.org/10.1016/j.jhep.2016.01.010
http://dx.doi.org/10.1053/j.gastro.2019.06.028
http://dx.doi.org/10.1007/s12072-017-9798-x
http://dx.doi.org/10.3748/wjg.v25.i39.5897
http://dx.doi.org/10.1080/19490976.2022.2029674
http://dx.doi.org/10.2741/A812
http://dx.doi.org/10.1002/hep4.1483
http://dx.doi.org/10.1126/science.1215584
http://dx.doi.org/10.4049/jimmunol.176.10.6194
http://dx.doi.org/10.2119/molmed.2011.00149
http://dx.doi.org/10.1016/j.bbrc.2016.01.119
http://dx.doi.org/10.1016/j.bbrc.2016.01.119
http://dx.doi.org/10.1038/nature02006
http://dx.doi.org/10.1016/j.cbi.2018.07.008
http://dx.doi.org/10.1369/0022155415627681
http://dx.doi.org/10.1002/med.21553
http://dx.doi.org/10.1038/nrd3203
http://dx.doi.org/10.1371/journal.pone.0099713
http://dx.doi.org/10.1016/j.bbrc.2020.02.139
http://dx.doi.org/10.1038/aps.2015.91
http://dx.doi.org/10.21873/anticanres.15762
http://dx.doi.org/10.1159/000518397
http://dx.doi.org/10.1186/s12885-019-5816-9
http://dx.doi.org/10.1186/s12885-019-5816-9
http://bmjopengastro.bmj.com/

