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Emerging roles for stress kinase p38 and stress hormone fibroblast growth factor 21 in 
NAFLD development  
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A B S T R A C T   

Non-alcoholic fatty liver disease (NAFLD), the most frequent cause of chronic liver disease worldwide, is asso
ciated with a plethora of metabolic comorbidities such as obesity, prediabetes, type 2 diabetes mellitus, hy
pertension and dyslipidemia but may be present in a significant percentage of non-obese subjects. Recent 
evidence has highlighted that NAFLD is characterized by the dysregulation of hepatokines, including fibroblast 
growth factor 21 (FGF21). “FGF21 resistance” observed in obesity and NAFLD is actually not fully understood. A 
very recent study by Hao Ying et al. in Diabetes provides new insight into the roles of hepatic stress kinase p38 
and FGF21 in the pathogenesis of NAFLD. This study has shown that mechanistically, via the elevation of hepatic 
FGF21, p38α activation increases the influx of fatty acids from the adipose tissue to liver, resulting in hepatic 
ectopic lipid accumulation and insulin resistance. Despite the favorable effects of p38α activation on peripheral 
tissues, it may impair the hepatic FGF21 properties by enhancing the degradation of FGF21 receptor cofactor 
β-Klotho. Іn the fatty liver of either mice or patients, the study has shown that p38α phosphorylation and FGF21 
expression were elevated while β-Klotho protein levels were diminished. Based on the observation that mice with 
hepatic p38α activation exhibit not only hepatic steatosis but also reduced adiposity, which is similar to those 
observed in lean NAFLD, these findings may also provide a plausible explanation for the lean phenotype seen in 
NAFLD. In conclusion, this study highlighted previously undescribed effects of hepatic p38 activation on sys
temic metabolic homeostasis providing novel insights into the contribution of hepatic p38α, FGF21, and β-Klotho 
in the etiopathogenesis of NAFLD.   

Non-alcoholic fatty liver disease (NAFLD), which is currently the 
most frequent cause of chronic liver disease worldwide, is characterized 
by the accumulation of fat in the liver (steatosis) exceeding 5% of total 
liver’s weight, in the absence of significant alcohol consumption [1–3]. 
NAFLD is associated with a plethora of metabolic comorbidities such as 
overweight/obesity, prediabetes, type 2 diabetes mellitus (t2DM), hy
pertension and dyslipidemia [1–4]. NAFLD could also be present in a 
significant percentage of non-obese subjects [1]. Liver is considered an 
endocrine organ that modulated systemic lipid homeostasis via the 
production of hepatokines [5]. Recent evidence has highlighted that 
NAFLD is characterized by the dysregulation of hepatokines [5]. 
Fibroblast growth factor 21 (FGF21) is a hepatokine targeting mainly 
the white adipose tissue and exhibiting favorable actions in hepatic lipid 
metabolism and insulin sensitivity [6]. Interestingly, elevated levels of 
FGF21 and “FGF21 resistance” have been associated with obesity, in
sulin resistance, t2DM and NAFLD [6,7]. 

Aberrant hepatic p38 activation has long been noticed in mouse 
models of NAFLD, while circulating FGF21 levels are known to be 
associated with NAFLD, being involved in the pathogenesis of NAFLD. 
However, their contribution during the development of fatty liver and 
the underlying mechanisms remain poorly understood. A very recent 
study by Hao Ying and colleagues published in Diabetes provides new 
insight into the roles of hepatic p38 and FGF21 in the pathogenesis of 

NAFLD [8]. 
p38 is a stress-activated protein kinase responding to different stress 

stimuli and presents a pivotal role in the regulation of diverse cellular 
processes. A link between hepatic p38 activation and metabolism has 
long been reported [9–11]. Nevertheless, the physiologic and patho
physiologic role of p38-mediated stress signalling is not fully under
stood. Particularly, whether hepatic p38 activation is a cause or 
consequence of steatosis and insulin resistance remains unknown. In this 
study, Ying and colleagues demonstrate that hepatic p38 activation by 
adenovirus-mediated overexpression of MKK6, a major upstream 
MAP2K of p38, in the liver can result in severe liver steatosis. As loss of 
hepatic p38α can totally diminish the metabolic effect of adenoviral 
MKK6, the authors propose that hepatic p38α is the major mediator for 
the development of liver steatosis. Therefore, they have hypothesized 
that sustained hepatic p38 activation is a causal driver of liver steatosis 
and hepatic insulin resistance. 

Re-esterification of circulating fatty acids (FAs) due to the dysfunc
tion of the adipose tissue is responsible for about 60% of hepatic tri
glyceride accumulation in NAFLD. Although it is known that the 
secretion of hepatokines is dysregulated in NAFLD, how hepatokines are 
involved in NAFLD development remains elusive [12]. Since obese mice 
with systemic insulin resistance are usually used for the study of NAFLD, 
these studies offer only limited insight into the pathogenesis of NAFLD, 
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especially non-obese NAFLD. In this study, Ying and colleagues 
demonstrate that hepatic p38 activation increases lipolysis in the adi
pose tissues via liver-derived stress hormone FGF21 rather than 
inducing adipose insulin resistance, thereby redistributing fat from ad
ipose tissues to liver, suggesting that ectopic hepatic lipid accumulation 
can be real hepatogenic. The authors also propose that the increased 
hepatic FGF21 secretion induced by p38 activation may provide a 
plausible explanation for the lean phenotype observed in non-obese 
NAFLD. 

The phenomenon of “FGF21 resistance” suggested in metabolic dis
orders, including obesity and NAFLD, is actually not fully understood 
[13]. In this study, Ying and colleagues show that hepatic p38 activation 
induces a hepatic “FGF21 resistant” phenotype in mice. They also 
demonstrate that hepatic p38 activation can facilitate the ubiquitination 
and degradation of FGF21 receptor cofactor β-Klotho, resulting in 
decreased β-Klotho protein levels and impaired FGF21 action in the 
liver. As downregulation of β-Klotho can attenuate hepatic FGF21 action 
and promote hepatic lipid accumulation, these authors then hypothesize 
that a defect in hepatic FGF21 action may also contribute to the for
mation of liver steatosis after hepatic p38 activation [8]. 

Ying and colleagues have uncovered previously undescribed roles of 
hepatic stress kinase p38 in regulating whole-body metabolic homeo
stasis via stress hormone FGF21. In agreement with the notion that 
disease is often the result of an aberrant or inadequate response to 
physiologic and pathophysiologic stress, sustained hepatic p38 activa
tion forces the liver to store excess lipid through two mechanisms 
explained in Fig. 1. Based on the observation that mice with hepatic p38 
activation exhibit not only hepatic steatosis but also reduced adiposity, 
which is similar to those observed in lean NAFLD, these findings may 
also provide a plausible explanation for the lean phenotype seen in 
NAFLD. In conclusion, the study by Ying and colleagues not only pro
vides new insight into the molecular basis for liver-fat communication 

axis that regulates systemic metabolic homeostasis, but also sheds new 
light on the onset and pathogenesis of NAFLD [8]. 

Conflict of interest 

None. 

Funding information 

None. 

References 

[1] Zarghamravanbakhsh P, Frenkel M, Poretsky L. Metabolic causes and consequences 
of nonalcoholic fatty liver disease (NAFLD). Metabolism Open 2021;12:100149. 
https://doi.org/10.1016/j.metop.2021.100149. 

[2] Dalamaga M, Liu J. Mitochondrial glycerol 3-phosphate dehydrogenase deficiency 
aggravates hepatic triglyceride accumulation and steatosis. Metabol Open 2019;3: 
100004. https://doi.org/10.1016/j.metop.2019.02.002. 

[3] Vallianou N, Liu J, Dalamaga M. What are the key points in the association be
tween the gut microbiome and nonalcoholic fatty liver disease? Metabol Open 
2019;1:9–10. https://doi.org/10.1016/j.metop.2019.02.003. 

[4] Kassi E, Dalamaga M, Faviou E, Hroussalas G, Kazanis K, Nounopoulos Ch, Dio
nyssiou-Asteriou A. Circulating oxidized LDL levels, current smoking and obesity in 
postmenopausal women. Atherosclerosis 2009;205:279–83. https://doi.org/ 
10.1016/j.atherosclerosis.2008.11.006. 

[5] Ke Y, Xu C, Lin J, Li Y. Role of hepatokines in non-alcoholic fatty liver disease. 
J Transl Int Med 2019;7:143–8. https://doi.org/10.2478/jtim-2019-0029. 

[6] Kliewer SA, Mangelsdorf DJ. A dozen years of discovery: insights into the physi
ology and pharmacology of FGF21. Cell Metabol 2019;29:246–53. https://doi.org/ 
10.1016/j.cmet.2019.01.004. 

[7] Li H, Fang Q, Gao F, Fan J, Zhou J, Wang X, Zhang H, Pan X, Bao Y, Xiang K, Xu A, 
Jia W. Fibroblast growth factor 21 levels are increased in nonalcoholic fatty liver 
disease patients and are correlated with hepatic triglyceride. J Hepatol 2010;53: 
934–40. https://doi.org/10.1016/j.jhep.2010.05.018. 

[8] Liu W, Sun C, Yan Y, Cao H, Niu Z, Shen S, Liu S, Wu Y, Li Y, et al. Hepatic P38 
activation modulates systemic metabolism through fgf21-mediated interorgan 
communication. Diabetes 2021:db210240. https://doi.org/10.2337/db21-0240. 

[9] Canovas B, Nebreda AR. Diversity and versatility of p38 kinase signalling in health 
and disease. Nat Rev Mol Cell Biol 2021;22:346–66. https://doi.org/10.1038/ 
s41580-020-00322-w. 

[10] Nikolic I, Leiva M, Sabio G. The role of stress kinases in metabolic disease. Nat Rev 
Endocrinol 2020;16:697–716. https://doi.org/10.1038/s41574-020-00418-5. 

[11] Han J, Wu J, Silke J. An overview of mammalian p38 mitogen-activated protein 
kinases, central regulators of cell stress and receptor signaling. F1000Res 2020;9: 
F1000. https://doi.org/10.12688/f1000research.22092.1. Faculty Rev-653. 

[12] Meex RCR, Watt MJ. Hepatokines: linking nonalcoholic fatty liver disease and 
insulin resistance. Nat Rev Endocrinol 2017;13:509–20. https://doi.org/10.1038/ 
nrendo.2017.56. 

[13] Staiger H, Keuper M, Berti L, Hrabe de Angelis M, Häring HU. Fibroblast growth 
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Fig. 1. The pathophysiologic roles of stress kinase p38 and stress hormone 
FGF21 in the development of hepatic steatosis. Sustained hepatic p38 activation 
forces the liver to store excess lipid by two mechanisms. It promotes fat 
mobilization from the adipose tissues to the liver by increasing hepatic 
expression and secretion of stress hormone FGF21, and impairs the local action 
of stress hormone FGF21 by increasing the degradation of β-Klotho in the liver. 
Abbreviations: FA, fatty acid; FGF21, fibroblast growth factor 21; X-box binding 
protein 1, XBP1. 
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