
EDITORIAL
Inflammation Writes the Fibrogenic Code
onalcoholic steatohepatitis (NASH) is an increas-
Ningly common chronic liver disease and progres-
sion of NASH is associated with increased cirrhosis, liver
failure, liver cancer, and mortality. One of the biggest
factors associated with NASH progression and liver-
related mortality is increased liver fibrosis, highlighting
the importance of understanding the mechanisms regu-
lating fibrosis and targeting them for treatment. One of
the most potent profibrogenic signals is transforming
growth factor beta 1 (TGFB1) and accordingly, increased
expression and secretion of this cytokine is associated
with NASH progression. The primary cellular source of
TGFB1 in the liver is resident macrophages, also known
as Kupffer cells. Although several stimuli, such as lipo-
polysaccharide (LPS), are known to induce TGFB1 syn-
thesis in Kupffer cells it is unclear what cellular factors
mediate this production.

Previous studies have suggested that N6-methyladenosie
(m6A) methylation regulates expression of TFGB1 mRNA in
cancer cells1; however, it is unclear if this mechanism also
occurs in Kupffer cells. m6A methylation of mRNA regulates
different stages of RNA-based gene expression, such as
translation, stability, or splicing, depending on the recruit-
ment of particular m6A “reader” proteins. Furthermore, the
presence of m6A marks on mRNA is regulatable and
reversible, with m6A marks being added or removed from
mRNAs by “writer” and “eraser” proteins, respectively.
Interestingly, m6A is known to play important roles in many
cellular processes related to NASH, including inflammation,2

lipid metabolism,3 hepatic circadian rhythms,4 and hepato-
cellular carcinoma progression.5 Together, these findings
suggest that m6A may play a role in TGFB1 regulation and
NASH progression. However, little is known about the
impact of m6A on the activation of Kupffer cells and the
subsequent promotion of fibrosis.

In this issue of Cellular and Molecular Gastroenterology
and Hepatology, Feng et al6 demonstrate that high fat
diet–induced NASH and LPS activation of Kupffer cells
increase m6A methylation of the 5’UTR of TGFB1, and that
this regulates the translation of TGFB1, thereby contrib-
uting to the progression of fibrosis. This is accomplished in
LPS-stimulated Kupffer cells through increased transcrip-
tion of the m6A writer enzymes, METTL3 and METTL14,
by direct interaction between nuclear factor-kB and their
promoter elements. Furthermore, they demonstrate that
this increased methylation of the TGFB1 5’UTR and pro-
moted its translation, possibly through a cap-independent
mechanism. Importantly, by using combinations of siRNA
and conditional null alleles they demonstrated that
METTL3 and METTL14 were required for (1) LPS-induced
methylation of TGFB1 mRNA, (2) LPS-induced synthesis
and secretion of TGFB1, and (3) increased collagen fiber
Cellular a
formation in both an ex vivo model and an in vivo CCl4-
induced fibrosis model.

Although this study mostly focused on the induction of
m6A writers, the authors also found that high fat
diet–induced NASH and LPS-activation decreased the
expression of the m6A eraser protein, FTO. Common vari-
ants in FTO are strongly associated with obesity and type 2
diabetes susceptibility, with individuals homozygous for the
risk allele having increased blood and hepatic glucose levels
and increased adiposity.7 Furthermore, FTO expression in
the liver is known to be decreased by elevated blood glucose
and insulin levels, consistent with the observation by Feng
et al6, that FTO expression is decreased in livers of rats on a
high-fat diet. This result further supports the idea that m6A
methylation plays an essential role in the liver’s response to
diet-induced injury.

Interestingly, the TGFB1 pathway is also known to acti-
vate m6A methylation through direct interaction of TGFB1-
activated Smad2/3 with m6A writer complexes.8 In stem
cells, this promotes exit from pluripotency, thus allowing for
the appropriate timing of differentiation. Although it is un-
clear if this same mechanism is operative in the liver, this
raises the possibility that m6A-dependent production and
secretion of TGFB1 by Kupffer cells may trigger induction of
m6A methylation in other liver cell populations, such as
stellate cells or hepatocytes. Therefore, depending on cell-
type and condition, m6A may represent a dynamic mark
of mRNA, which can regulate, and be regulated by, impor-
tant hepatic repair pathways.

Overall, this study provides an interesting link between
RNA methylation and regulation of TGFB1 production in the
context of liver fibrosis, thus identifying a potential novel
therapeutic target for controlling fibrosis progression.
Interestingly, in addition to TGFB1, m6A methylation in
many other mRNAs also changed in Kupffer cells, with the
most common functions including inflammatory responses
and metabolic pathways. This raises the possibility that
therapies targeting m6A methylation may not only protect
against TGFB1-mediated fibrosis, but might also reduce
inflammation and rebalance metabolic processes that are
dysregulated in NASH.

MATTHEW FRIEDERSDORF, PhD
Department of Molecular Genetics & Microbiology
Duke University
Durham, North Carolina

ANNA MAE DIEHL, MD
Department of Molecular Genetics & Microbiology and
Department of Medicine
Duke University
Durham, North Carolina
nd Molecular Gastroenterology and Hepatology 2021;12:1147–1148

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcmgh.2021.06.012&domain=pdf


1148 Friedersdorf and Diehl Cellular and Molecular Gastroenterology and Hepatology Vol. 12, No. 3
References
1. Li J, Chen F, Peng Y, Lv Z, Lin X, Chen Z, Wang H. N6-

methyladenosine regulates the expression and secretion
of TGFB1 to affect the epithelial-mesenchymal transition
of cancer cells. Cells 2020;9:296.

2. Shulman Z, Stern-Ginossar N. The RNA modification N-
methyladenosine as a novel regulator of the immune
system. Nat Immunol 2020;21:501–512.

3. Luo Z, Zhang Z, Tai L, ZhangL, Sun Z, Zhou L.
Comprehensive analysis of difference so N-methyl-
adenosine RNA methylomes between high-fat-fed
and normal mouse livers. Epigenomics 2019;11:
1267–1282.

4. Zhong X, Yu J, Frazier K, Weng X, Li Y, Cham CM,
Dolan K, Zhu X, Hubert N, Tao Y, Lin F, Martinez-
Guryn K, Huang Y, Wang T, Liu J, He C, Chang EB,
Leone V. Circadian clock regulation of hepatic lipid
metabolism by modulation of m6A mRNA methylation.
Cell Rep 2018;25:1816–1828.

5. Chen M, Wei L, Law CT, Tsang FH, Shen J,
Cheng CL, Tsang LH, Ho DW, Chiu DK, Lee JM,
Wong CC, Ng IO, Wong CM. RNA N6-
methyladenosine methyltransferase-like 3 promotes
liver cancer progression through YTHDF2-dependent
posttranscriptional silencing of SOCS2. Hepatology
2018;67:2254–2270.
6. Feng Y, Dong H, Sun B, et al. METTL3/METTL14 trans-
activation and m6A -dependent TGF-B1 translation in
activated Kupffer cells. Cell Mol Gastroenterol Hepatol
2021;12:839–856.

7. Mizuno TM. Fat mass and obesity associated (FTO) gene
and hepatic glucose and lipid metabolism. Nutrients
2018;10:1600.

8. Bertero A, Brown S, Madrigal P, Osnato A, Ortmann D,
Yiangou L, Kadiwala J, Hubner NC, Mozos IR, Sadee C,
Lenaerts A, Nakanoh S, Grandy R, Farnell E, Ule J,
Stunnenberg HG, Mendjan S, Vallier L. The SMAD2/3
interactome reveals that TGFB controls m6A mRNA
methylation in pluripotency. Nature 2018;555:256–259.
Correspondence
Address correspondence to: Anna Mae Diehl, MD, Department of Molecular
Genetics & Microbiology, Duke University, Durham, North Carolina 27710.
e-mail: annamae.diehl@duke.edu.

Conflicts of interest
The authors disclose no conflicts.

Most current article

© 2021 The Authors. Published by Elsevier Inc. on behalf of the AGA
Institute. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
2352-345X

https://doi.org/10.1016/j.jcmgh.2021.06.012

http://refhub.elsevier.com/S2352-345X(21)00127-2/sref1
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref1
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref1
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref1
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref2
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref2
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref2
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref2
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref3
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref3
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref3
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref3
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref3
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref3
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref4
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref4
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref4
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref4
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref4
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref4
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref4
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref5
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref5
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref5
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref5
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref5
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref5
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref5
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref5
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref6
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref6
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref6
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref6
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref6
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref7
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref7
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref7
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref8
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref8
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref8
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref8
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref8
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref8
http://refhub.elsevier.com/S2352-345X(21)00127-2/sref8
mailto:annamae.diehl@duke.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jcmgh.2021.06.012

	Inflammation Writes the Fibrogenic Code
	References


