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Introduction
Nonalcoholic fatty liver disease (NAFLD) is an important obesity 

outcome, being recognized as the hepatic manifestation of metabolic 
syndrome. The process happens to children and adults, is characterized 
by the presence of high levels of fat storage in the liver (steatosis). 
With inflammation, cell death and fibrosis, the process may result into 
the final stage of hepatic disease, or even hepatocellular carcinoma. 
Nowadays, excess of liver fat is recognized as an independent marker 
of cardiovascular risk.1

Nonalcoholic fatty liver disease is a spectral condition and 
is subdivided in two main groups, according with clinical and 
morphological aspects: Hepatic steatosis or just fat liver and non-
alcoholic steatohepatitis (NASH).2 The first stage is characterized 
by lipid accumulation in hepatocytes and it usually shows a non-
progressive clinical course, whilst the last one is a more aggressive 
way of NAFLD and it may progress to cirrhosis. This heterotopic fat 
triggers variable degrees of necroinflammatory phenomena, which 

corresponds to steatohepatitis, associated condition of progressive 
disease.2

Nonalcoholic fatty liver disease is considered one of the most 
prevalent liver diseases in developed countries. Its clinical importance 
has grown for the last years, mainly because of obesity epidemic, 
sedentarism and hypercaloric diet from western countries, reflecting 
the rise of cardiovascular risk and endocrine-metabolic diseases. 
The prevalence of NAFLD varies from 2,8% to 88%, depending on 
population and the methods of investigation.3 The main risk factors 
associated to metabolic syndrome are abdominal obesity, insulin 
resistance, diabetes, and dyslipidemia. Curiously, NAFLD can also 
be describing non-obese and non-diabetic patients.3–5 However; it’s 
still not clear how these metabolic factors can affect the pathogenesis 
and progression.6

The origins of hepatocellular injury and lobular inflammation 
which distinguish NASH from simple steatosis have intrigued 
investigators, but it is now widely accepted that NASH results from 
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Abstract

Introduction: Non-alcoholic fatty liver disease (NAFLD) has been considered to be 
the hepatic manifestation of metabolic syndrome, and may progress to Non-alcoholic 
steatohepatitis NASH and/or hepatocellular carcinoma (HCC), thus being associated 
with a high cardiovascular and carcinogenic risk. Thus, it becomes necessary to 
understand the underlying mechanisms involved in the genesis of NAFLD and its 
progression to NASH and HCC, so that a better therapeutic approach can be defined 
in an attempt to cease and reverse this progression. 

Objective: To review main mechanisms involved in NASH, from inflammatory 
pathways, microbiota, cytokines and some more current theories such as the role of 
the extracellular trap of degranulation and neutrophil production (NETs). Methods: 
An integrative review was conducted with active search of articles in English using 
Medline, Embase, Lilacs and Pubmed data, using descriptors related to “non-alcoholic 
fatty liver disease”, “non-alcoholic steatohepatitis”, “pathophysiology”, “cytokines” 
and “molecular mechanisms” without restriction of period. Results: 182 articles were 
found, of which 40 were selected for this review, including original articles, clinical 
and experimental research, and systematic reviews. 

Discussion: Non-alcoholic fatty liver disease may occur through increased absorption, 
fatty acid synthesis, lipogenesis, reduction of triglyceride hydrolysis and mitochondrial 
beta-oxidation of fatty acids, contributing to increased production of free radicals and 
reactive oxygen species, involving many inflammatory mediators. Cytokines may play 
an active role in the development and progression of NAFLD by stimulation hepatic 
inflammation, cell necrosis, apoptosis and induction of fibrosis. However, they are 
also essential for liver regeneration. 

Conclusion: metabolic dysfunction leads to lipotoxicity, innate immune responses and 
the resulting pattern of cellular inflammation in the liver are probably also relevant 
for liver fibrogenesis and hepatocarcinogenesis. The most studied and described 
cytokines were adiponectin, leptin, TNF-α, IL-6, visfatin, A-activator and chemerin.. 
This knowledge becomes fundamental for new diagnostic procedures and therapeutic 
strategies to avoid NASH progression.

Keywords: steatosis, non-alcoholic fatty liver disease, inflammatory mediators, 
oxidative stress
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liver lipotoxicity.7 It is believed that the mechanism varies according 
to the accumulated molecules and the different forms of organization.

Pathophysiological mechanisms are still under investigation; 
nevertheless triglyceride accumulation inside the hepatocytes, result 
of insulin resistance, is considered the first step in pathogenic model. 
Oxidative stress, resulting from fatty acids mitochondrial oxidation, 
and inflammatory cytokines expression, has been pointed out as 
secondary causal factors that lead to hepatic impairment, fibrosis, and 
inflammation.5–10

Intrahepatic fatty acids storage is deeply related with insulin 
resistance which increases hepatocyte susceptibility to aggression, 
as oxidative stress, mitochondrial dysfunction, overproduction 
and releasing of secondary proinflammatory cytokines, as well as 
endotoxin-mediated activation of innate immune response. The 
hepatic susceptibility to these factors can also explain the progression 
of NAFLD to NASH.6–10 Insulin resistance plays a central role in 
NAFLD pathogenesis. It is an inadequate answer to physiological 
effects of insulin circulating in specific target tissues, skeletal muscle, 
liver, and adipose tissue. Inflammatory cytokines activate a lot of 
kinases just as serine kinase IKKβ, mTOR/S6 kinase and protein 
kinase activated by mitogen (MAPK), as well as cytokine signaling 
suppressor proteins (SOCs) that meddle in the sight way and insulin 
action on adipocytes and hepatocytes.8–12

Molecular changes on insulin signaling result finally in 
accumulation of hepatic triglycerides. In skeletal muscle, peripheral 
insulin resistance affects mostly a large part of the total glucose 
uptake.9 In adipose tissue, this resistance slows the lipogenic action 
of the insulin, that results in releasing of non-esterified fatty acids; in 
other words, insulin resistance increases the lipolysis of triglycerides 
and inhibits esterification of free fatty acids in adipose tissue. The 
result is rising serum levels of free fatty acids, which are absorbed 
by the liver.10 High plasma glucose and fatty acids concentrations 
result in higher lipids hepatic uptake. This increase in suplly of fatty 
acids to the liver compromises the β-mitochondrial oxidation when it 
causes stress in the enzymatic system. As a result, these substances 
accumulate in the hepatocyte, determining the appearance of hepatic 
steatosis.11 Moreover insulin resistance also inhibits the alternative 
metabolism of free fatty acids (FFAs), through oxidation. Hepatic 
exportation of very low density lipoproteins (VLDL) can be inhibited 
by decreasing synthesis of apolipoprotein B (Apo B) and less 
conjugation to triglycerides, by the triglyceride microsomal transfer 
protein (MTP).12

Summing up, fatty liver disease results from peripheral resistance 
to insulin and hyperinsulinemia,free fatty acids rising supply, hepatic 
lipogenesis increasing and reduction of hepatic exportation of 
triglycerides through VLDL.

Aims
Make a integrative review about pathophysiological mechanisms 

involved in NAFLD, molecular bases and signaling pathways 
that are determinant to progression from steatosis to non-alcoholic 
steatohepatitis

Method
An active search was carried out in Medline, Embase, Lilacs 

and Pubmed data basis, using as descriptors: steatosis, nonalcoholic 

steatohepatitis, pathophysiology, cytokines, and molecular 
mechanisms.

Results
Between 1998 and 2018, 182 articles written in English, were 

found strictly related to the theme, from these, 40 originals articles 
were selected to review, involving clinical and experimental studies, 
as well as reviewing articles, systematic review and meta-analysis. 

Discussion
Cytokines are soluble molecules that are involved in intracellular 

communication. They are produced by a wide variety of cells, 
including hepatic cells. They comprise diverse subfamilies, including 
interferon, interleukins, tumor necrosis factors (TNF), transforming 
growth factor (TGF), colony stimulating factors, and chemokines.13 
Cytokines can mediate several fundamental biological processes, 
including body growth, adiposity, lactation, hematopoiesis, as well 
as inflammation and immunity. They are implicated in various 
pathologies like arthritis, atherosclerosis, rheumatoid arthritis, 
systemic lupus erythematosus, psoriasis and NASH.14

Under physiological conditions, the hepatic generation of 
constitutive cytokines is absent or minimal in the liver; nevertheless, 
pathological stimuli like lipid accumulation induce hepatic cells to 
produce these inflammatory molecules. Cytokines may play an active 
role in the development and progression from NAFLD to NASH 
through stimulation of hepatic inflammation, cellular necrosis, 
apoptosis, and induction of fibrosis. However, they are essentials to 
hepatic regeneration as well.

Total mammalian adipose tissue is composed of two distinct 
functional types: white and brown adipose tissue. The first one is 
responsible for energy storage and is a releasing site of hormones and 
cytokines which modulate body metabolism and insulin resistance. 
Its accumulation is associated with obesity. On the other hand, the 
brown adipose tissue, rich in mitochondria, is important for energy 
expenditure in form of thermogenesis, since it can modulate the 
susceptibility for corporal weight gain. Physiologically, it focuses 
more on children, but it can also be found on adults’ adipose tissue.15–17

Visceral adipose tissue plays a crucial role in hepatic 
steatosis pathogenesis, since it participates in production of more 
adipocytokines, such as Tumor Necrosis Factor alpha (TNF-α), 
resistin, and adiponectin, which are involved in insulin resistance and 
varying degrees of inflammation.18 Several therapeutic approaches, 
such as weight loss and insulin sensitizers are indicated to decrease 
cytokines from adipose tissue, reducing free fatty acids supply to the 
liver.19

Inflammatory markers most associated with hepatic steatosis and 
steatohepatitis are: tumor necrosis factor α (TNFα), interleukins-6 
(IL-6), 8 (IL-8), 18 (IL-18), metalloproteinases, and ultra-sensitive 
C-reactive protein. Interleukin-6 levels are increased only in NAFLD, 
whilst the ultra-sensitive CRP was shown to be elevated in obese 
patients. On the other hand, IL-18 deficiency caused polyphagia, 
obesity and insulin resistance in laboratory rats. Fatty acids and 
carbohydrates satureted diet is associated to high levels of TNF-α and 
decreased adiponectin levels in NAFLD due to high levels of fructose 
content present in these foods.19,20
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Adiponectin and leptin are the main adipocytokines synthesized by 
adipose tissue and implicated in the pathogenesis of NAFLD. Studies 
have shown a close association of hypoadiponectinemia in patients 
with NAFLD compared to healthy controls and that circulatory 
adiponectin is inversely correlated with hepatic steatosis and insulin 
resistance, but not with progressing NAFLD.19,21–26 

Adiponectin is the most abundant cytokine, synthesized only by 
adipose tissue.23,24 It acts by stimulating anti-inflammatory cytokines 
secretion, such as interleukin-10 (IL-10), for example, which blocks 
the activation of nuclear factor kapa β (NFkβ) and inhibits TNF-α and 
interleukin-6.20 There is evidence that adiponectin decreases hepatic 
and systemic insulin resistance. It attenuates necroinflammation and 
hepatic fibrosis and is considered a marker of NAFLD seriousness.28,29 
Drugs that increase adiponectin levels may be considered therapeutic 
targets for NAFLD. The identification of molecules involved in 
adiponectin signaling pathways and the potential role of the resistance 
of their receptors in NASH have been poorly investigated and may be 
promising in treatment.18,22,25

Leptin is a hormone peptide derived from adipocytes and related 
to food intake and energy expenditure, controlling body weight and 
satiety, through a hypothalamic negative feedback mechanism.19–22 
Serum levels of Leptin are high in obesity,23 as a result of what has 
been characterized as resistance to leptin,21 phenomenon that may 
already be present in obese children.24

Resistin is a cytokine secreted by adipose tissue and macrophages, 
which probably acts as an insulin antagonist, contributing to glucose 
intolerance development in obese individuals. Evidence suggests the 
proinflammatory action of this cytokine by stimulating TNF-α and 
Interleukin-12 (IL-12) in macrophages, through NFκβ. In humans, 
their levels are elevated and may serve to distinguish steatosis from 
steatohepatitis.18,20

TNF-α is produced by B and T lymphocytes (Natural Killer), 
macrophages and fibroblasts and plays a central role in evolution from 
NAFLD to NASH. This denomination refers to its biological property 
of inducing hemorrhagic necrosis in certain tumors. Synthetically 
inactivated, it becomes toxic in tissues, inducing necrosis and 
angiogenesis. At low concentrations, TNF-α stimulates cell growth. 
On the other hand, in high concentrations, it inhibits the cellular 
development induced by other cytokines, which are associated to 
obesity and insulin resistance in animal and human models.20 This 
cytokine has a lipogenic and fibrogenic effect, mediated by paracrine 
mechanism involving the activation of Kupffer cell, secretion of 
soluble mediators that stimulate Ito cell activation into myofibroblast, 
which in turn is responsible for synthesizing extracellular matrix 
components that can be used in diagnosing NASH fibrosis.30

Activin-A is reported to induce follicle-stimulating hormone or 
FSH and to regulate the menstrual cycle; however, during the last 
few years activin-A has been found participate in a number of crucial 
cellular functions, including regulatory of cell cycle and differentiation, 
apoptosis, metabolism and homeostasis regulation, tumorigenesis, 
immune responses, wound healing, and fibrosis. Activin-A belongs to 
transforming-beta growth factor (TGFβ) cytokine superfamily and is a 
dimer of two identical β subunits. Activin-A, exerts its effects through 
two types of serine/threonine kinase receptors. Activin-A binds first to 
type II receptors phosphorylate and activate type I receptors. Receptor 
type I, then initiate a number of intracellular cascades via smad2/

smad3 phosphorylation. There are 3 activin receptors type I and 2 
type II (ACVR1A, B & C and ACVR2A & B). A number of intra- 
and extracellular inhibitors, including follistatin and follistatin-related 
proteins that bind and disable activin-A, coordinate its effects.31–35

One well established effects of activin-A is it´s role in the wound 
cure and fracture consolidation. Deregulation of this process is related 
to pathological collagen accumulation. Studies in animal models and 
small series of patients suggest that activin-A system can participate 
in inflammation and liver fibrosis.20,31–34

Oxidative stress is also responsible for production of 
proinflammatory cytokines, among which stand out: TNF-α, 
transforming growth factor alpha and beta (TGF-α and TGF-β), 
interleukin-6 (IL-6), interleukin-8 (IL-8), NFκB and adiponectin. 
These cytokines are produced by lymphocytes and Kupffer cells, 
mediated by free radicals and it may act by changing the mitochondrial 
membrane permeability and inhibiting the respiratory chain35.

Although TNF-α inhibition in NAFLD animal models has 
encouraged therapeutic perspectives in humans, the role of this 
cytokine remains under investigation. In humans TNF-α levels were 
higher in obese than in lean individuals, and were correlated with 
insulin resistance. Besides, a positive correlation was demonstrated 
between liver fibrosis and TNF-α circulating levels in patients with 
NASH. Genetic polymorphism has been described in patients with 
NAFLD and NASH. Rats genetically deficient for the TNF-α receptor 
were resistant to develop NASH.24,26,36

Obesity is an inflammation state characterized by pro-inflammatory 
cytokines increased levels as TNFα and interleukin-1 beta (IL-1β). In 
this regard, exists a lack of studies in hepatic tissue about the role 
of TNFα receptor 1 (TNFR1) in the context of obesity and insulin 
resistance during NAFLD progression. Mechanisms involved in HFD-
derived IL-1β release and impairment of insulin signaling are still 
unknown. The IL-1β effects on liver insulin sensitivity and apoptosis 
through TNFR1-dependent pathways was studied. It was shown that 
knocking-out TNFR1 induces an enhanced IL-1β plasmatic release 
upon HFD feed. This was correlated to higher hepatic and epididymal 
white adipose tissue (eWAT) mRNA levels. In vivo and in vitro 
assays confirmed an impairment in hepatic insulin signaling, in part 
due to IL-1β-induced decrease of AKT activation and diminution of 
IRS1 levels, followed by an increase in inflammation, macrophage 
(resident and recruited) accumulation, hepatocyte apoptotic process 
and finally hepatic damage. Additionally, TNFR1 KO mice displayed 
higher levels of pro-fibrogenic markers. TNFR1 signaling disruption 
upon a HFD leads to an accelerated progression from simple steatosis 
towards a more severe phenotype with many NASH features, pointing 
out a key role of TNFR1 in NAFLD progression.13,14,19,31,33–36

Ghrelin is a peptide hormone that was discovered in 1999, and 
acts as a growth hormone receptor binder (GHS-R) with a single post-
translational modification of the residue Ser, it´s produced in stomach, 
pancreas and large intestine. Grelin has part in stimulating appetite 
and controlling body mass. Grelin O-acyl transferase (GOAT) is 
the enzyme that acylates the ghrelin peptide to form acyl-ghrelin 
(AG). Recent studies have shown that des-acyl ghrelin (DAG) is 
no longer regarded as an inert product of AG. Ghrelin stimulates 
gluconeogenesis in the liver and prevents the suppression of glucose 
production by insulin; however, DAG inhibits the production of 
glucose in the liver.37
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Chemerin is a protein identified as the natural linker ChemR 
(chemerinR), an orphaned G protein receptor coupled, expressed in 
immature dendritic cells and macrophages. Both adipose tissue and 
liver were identified as a source of this adipokine. It was observed that 
systemic levels of this cytokine decreases after successful bariatric 
surgery and this was paralleled by a significant reduction of hsCRP 
levels. This fits into several studies proving that the severity of NAFLD 
correlates with increased levels of chemerin.38 This adipokine protects 
from HCC and is reduced in human HCC. Hepatocellular carcinoma 
(HCC) not only develops in the cirrhotic liver but can also arise in the 
noncirrhotic liver in NASH. Chemerin is highly expressed in the liver 
and modulates insulin response and tumor growth, and may thus have 
a role therein. Interestingly, a low level of chemerin in HCC tissues 
of patients has been associated with worse outcomes. The relationship 
between the increase of chemerin and the degree of apoptosis suggests 
an association between this cytokine and the post-titration of altered 
cellular immune response.39

Irisine is a recently discovered myocin capable of increasing energy 
expenditure related to thermogenesis and to improve metabolism. 
Serum irisin levels differ between obese and non-obese patients with 
NAFLD. Despite the similar levels of circulating irisine between the 
steatosis and steatohepatitis groups, irisine may be independently and 
positively associated with the presence of portal inflammation. Future 
experimental and clinical studies are needed to confirm and extend 
this information.39

An unbalanced profile of adipokines in obesity contributes 
consecutively to metabolic inflammation in NAFLD, which is 
associated with a substantial risk of developing hepatocellular 
carcinoma (HCC) also in the non-cirrhotic phase NASH. Both 
adiponectin and leptin were related to hepatic tumorigenesis, 
especially in preclinical models.19–21,40

Conclusion
Pathogenesis of NAFLD is multifactorial and progression to NASH 

represents a complex process that is not fully understood. It has been 
suggested that occurs in multiple parallel stages. The most widely 
described and studied cytokines in the pathogenesis of non-alcoholic 
steatohepatitis are adiponectin, leptin, ghrelin, TNF-α, activin-A, 
chemerin and resistin. Inflammatory mediators are of fundamental 
importance to develop new diagnostic modalities and therapeutic 
targets. The pathogenesis of NAFLD is multivariate; however, current 
studies have highlighted the role of increased proinflammatory 
cytokines accelerating progression from simple steatosis towards a 
more severe phenotype. 

Acknowledgments
None.

Conflicts of interest 
No conflicts of interest, subsidies or other financial support to 

declare.

References
1.	 Brunt EM. Pathology of nonalcoholic fatty liver disease.  Nat Rev 

Gastroenterol Hepatol. 2010;7(4)195–203.

2.	 Brunt EM. Histopathology of non–alcoholic fatty liver disease. Clin Liver 
Dis. 2009;13(4):533–544.

3.	 Lazo M, Hernaez R, Eberhardt MS, et al. Prevalence of nonalcoholic fatty 
liver disease in the United States: the Third National Health and Nutrition 
Examination Survey, 1988–1994. Am J Epidemiol. 2013;178(1):38–45.    

4.	 Cotrim HP, Parise ER, Oliveira CP, et al. Nonalcoholic fatty liver disease in 
Brazil. Clinical and histological profile. Ann Hepatol. 2011;10(1):33–37. 

5.	 Day CP, James OF. Steatohepatitis: tale of two “hits”? Gastroenterology. 
1998;114(4):842–845.

6.	 Day CP. Genetic and environmental susceptibility to non–alcoholic fatty 
liver disease. Dig Dis. 2010;28(1):255–260. 

7.	 Farrell GC, Haczeyni F, Chitturi S. Pathogenesis of NASH: How 
Metabolic Complications of Overnutrition Favour Lipotoxicity and Pro–
Inflammatory Fatty Liver Disease. Adv Exp Med Biol. 2018;1061:19–44. 

8.	 Tanti JF, Ceppo F, Jager J, et al. Implication of inflammatory signaling 
pathways in obesity–induced insulin resistance. Front Endocrinol 
(Lausanne). 2013;3:181. 

9.	 Leavens KF, Birnbaum MJ. Insulin signaling to hepatic lipid metabolism 
in health and disease. Crit Rev Biochem Mol Biol. 2011;46(3):200–215. 

10.	 Liu Q, Bengmark S, Qu S. The role of hepatic fat accumulation in 
pathogenesis of non–alcoholic fatty liver disease (NAFLD). Lipids Health 
Dis. 2010:9:42.  

11.	 Tessari P, Coracina A, Cosma A, et al. Hepatic lipid metabolism and non–
alcoholic fatty liver disease. Nutr Metab Cardiovasc Dis. 2009;19(4):291–
302.

12.	 Higuchi N, Kato M, Tanaka M, et al. Effects of insulin resistance and 
hepatic lipid accumulation on hepatic mRNA expression levels of apoB, 
MTP and L–FABP in non–alcoholic fatty liver disease. Exp Ther Med. 
2011;2(6):1077–1081.

13.	 Tilg H. The role of cytokines in non–alcoholic fatty liver disease. Dig Dis. 
2010;28(1):179–185. 

14.	 Marra F, Bertolani C. Adipokines in liver diseases. Hepatology. 
2009;50(3):957–969. 

15.	 Cypess AM, Lehman S, Williams G, et al. Identification and importance of 
brown adipose tissue in adult humans. N Engl J Med. 2009;360(15):1509–
1517. 

16.	 Cypess AM, Kahn CR. The role and importance of brown adipose tissue in 
energy homeostasis. Curr Opin Pediatr. 2010;22(4):478–484. 

17.	 Valentina G, Federica P, Francesca G, et al. Pediatric non alcoholic fatty 
liver disease: old and new concepts on development, progression, metabolic 
insight and potential treatment targets. BMC Pediatr. 2013;13:40.

18.	 Senates E, Colak Y, Yeşil A, et al. Circulating resistin is elevated in patients 
with non–alcoholic fatty liver disease and is associated with steatosis, 
portal inflammation, insulin resistance and nonalcoholic steatohepatitis 
scores. Minerva Med. 2012;103(5):369–376.

19.	 Singh A, Wirtz M, Parker N, et al. Leptin– mediated changes in hepatic 
mitochondrial metabolism, structure, and protein levels. Proc Natl Acad 
Sci U S A. 2009;106(31):13100–13105.

20.	 Hijona E, Hijona L, Arenas JI, et al. Inflammatory mediators of hepatic 
steatosis. Mediators Inflamm. 2010;2010:837419. 

21.	 Minokoshi Y, Toda C, Okamoto S. Regulatory role of leptin in glucose 
and lipid metabolism in skeletal muscle. Indian J Endocrinol Metab. 
2012;16(Suppl 3):S562–S568.

22.	 Farooqi IS, O’Rahilly S. Leptin: a pivotal regulator of human energy 
homeostasis. Am J Clin Nutr. 2009; 18(3):980S–984S.Tsochatzis EA, 
Papatheodoridis GV, Archimandritis AJ. Adipokines in nonalcoholic 
steatohepatitis: from pathogenesis to implications in diagnosis and therapy. 
Mediators of inflammation, 2009; 2009. 831670. 

https://doi.org/10.15406/ghoa.2019.10.00370
https://www.ncbi.nlm.nih.gov/pubmed/20195271
https://www.ncbi.nlm.nih.gov/pubmed/20195271
https://www.ncbi.nlm.nih.gov/pubmed/19818303
https://www.ncbi.nlm.nih.gov/pubmed/19818303
https://www.ncbi.nlm.nih.gov/pubmed/23703888
https://www.ncbi.nlm.nih.gov/pubmed/23703888
https://www.ncbi.nlm.nih.gov/pubmed/23703888
https://www.ncbi.nlm.nih.gov/pubmed/21301007
https://www.ncbi.nlm.nih.gov/pubmed/21301007
https://www.gastrojournal.org/article/S0016-5085%2898%2970599-2/abstract
https://www.gastrojournal.org/article/S0016-5085%2898%2970599-2/abstract
https://www.ncbi.nlm.nih.gov/pubmed/20460920
https://www.ncbi.nlm.nih.gov/pubmed/20460920
https://www.ncbi.nlm.nih.gov/pubmed/29956204
https://www.ncbi.nlm.nih.gov/pubmed/29956204
https://www.ncbi.nlm.nih.gov/pubmed/29956204
https://www.ncbi.nlm.nih.gov/pubmed/23316186
https://www.ncbi.nlm.nih.gov/pubmed/23316186
https://www.ncbi.nlm.nih.gov/pubmed/23316186
https://www.ncbi.nlm.nih.gov/pubmed/21599535
https://www.ncbi.nlm.nih.gov/pubmed/21599535
https://www.ncbi.nlm.nih.gov/pubmed/20426802
https://www.ncbi.nlm.nih.gov/pubmed/20426802
https://www.ncbi.nlm.nih.gov/pubmed/20426802
https://www.ncbi.nlm.nih.gov/pubmed/19359149
https://www.ncbi.nlm.nih.gov/pubmed/19359149
https://www.ncbi.nlm.nih.gov/pubmed/19359149
https://www.ncbi.nlm.nih.gov/pubmed/22977624
https://www.ncbi.nlm.nih.gov/pubmed/22977624
https://www.ncbi.nlm.nih.gov/pubmed/22977624
https://www.ncbi.nlm.nih.gov/pubmed/22977624
https://www.ncbi.nlm.nih.gov/pubmed/20460908
https://www.ncbi.nlm.nih.gov/pubmed/20460908
https://www.ncbi.nlm.nih.gov/pubmed/19585655
https://www.ncbi.nlm.nih.gov/pubmed/19585655
https://www.ncbi.nlm.nih.gov/pubmed/19357406
https://www.ncbi.nlm.nih.gov/pubmed/19357406
https://www.ncbi.nlm.nih.gov/pubmed/19357406
https://www.ncbi.nlm.nih.gov/pubmed/20489634
https://www.ncbi.nlm.nih.gov/pubmed/20489634
https://www.ncbi.nlm.nih.gov/pubmed/23530957
https://www.ncbi.nlm.nih.gov/pubmed/23530957
https://www.ncbi.nlm.nih.gov/pubmed/23530957
https://www.ncbi.nlm.nih.gov/pubmed/23042372
https://www.ncbi.nlm.nih.gov/pubmed/23042372
https://www.ncbi.nlm.nih.gov/pubmed/23042372
https://www.ncbi.nlm.nih.gov/pubmed/23042372
https://www.ncbi.nlm.nih.gov/pubmed/19622746
https://www.ncbi.nlm.nih.gov/pubmed/19622746
https://www.ncbi.nlm.nih.gov/pubmed/19622746
https://www.ncbi.nlm.nih.gov/pubmed/20300479
https://www.ncbi.nlm.nih.gov/pubmed/20300479
https://www.ncbi.nlm.nih.gov/pubmed/23565491
https://www.ncbi.nlm.nih.gov/pubmed/23565491
https://www.ncbi.nlm.nih.gov/pubmed/23565491


Role of cytokines in pathogenesis and progression of nonalcoholic steatohepatitis 130
Copyright:

©2019 Carlos et al.

Citation: Carlos FF, Trigueiro APR, Sousa AWP, et al. Role of cytokines in pathogenesis and progression of nonalcoholic steatohepatitis. Gastroenterol Hepatol 
Open Access. 2019;10(3):126‒130. DOI: 10.15406/ghoa.2019.10.00370

23.	 Tsochatzis EA, Papatheodoridis GV, Archimandritis AJ. Adipokines 
in nonalcoholic steatohepatitis: from pathogenesis to implications in 
diagnosis and therapy. Mediators Inflamm. 2009;2009:831670. 

24.	 Stringer DM, Sellers EA, Burr LL, et al. Altered plasma adipokines and 
markers of oxidative stress suggest increased risk of cardiovascular disease 
in First Nation youth with obesity or type 2 diabetes mellitus. Pediatr 
Diabetes. 2009;10(4):269–277. 

25.	 Buechler C, Wanninger J, Neumeier M. Adiponectin: a key adipokine in 
obesity related liver diseases. World J Gastroenterol. 2011;17(23):2801–
1281. 

26.	 Moschen AR, Wieser V, Tilg H. Adiponectin: key player in the adipose 
tissue–liver crosstalk. Curr Med Chem. 2012;19(32):5467–5463.

27.	 Polyzos SA, Toulis KA, Goulis DG, et al. Serum total adiponectin in 
nonalcoholic fatty liver disease: a systematic review and meta–analysis. 
Metabolism. 2011;60(3):313–326. 

28.	 Polyzos SA, Kountouras J, Zavos C, et al. The role of adiponectin in the 
pathogenesis and treatment of non–alcoholic fatty liver disease. Diabetes 
Obes Metab. 2010;12(5):365–383. 

29.	 Finelli C, Tarantino G. What is the role of adiponectin in obesity related 
non–alcoholic fatty liver disease? World J Gastroenterol. 2013;19(6):802–
812. 

30.	 Lambertucci F, Arboatti A, Sedlmeier MG, et al. Disruption of tumor 
necrosis factor alpha receptor 1 signaling accelerates NAFLD progression 
in mice upon a high–fat diet. J Nutr Biochem. 2018;58:17–27. 

31.	 Kiagiadaki F, Kampa M, Voumvouraki A, et al. Biochim Biophys Acta. 
Activin–A causes Hepatic stellate cell activation via the induction of 
TNFα and TGFβ in Kupffer cells. Biochim Biophys Acta Mol Basis Dis. 
2018;1864(3):891–899. 

32.	 Bloise E, Ciarmela P, Dela Cruz C, Luisi S, Petraglia F, Reis FM. Activin A 
in Mammalian Physiology. Physiol Rev. 2019;99(1):739–780. 

33.	 Hübner G, Hu Q, Smola H, et al. Strong induction of activin expression 
after injury suggests an important role of activin in woundrepair. Dev Biol. 
1996;173(2):490–498.

34.	 Yndestad A, Haukeland JW, Dahl TB, et al. Activin A in nonalcoholic fatty 
liver disease. Vitam Horm. 2011;85:323–342. 

35.	 Deli A, Kreidl E, Santifaller S, et al. Activins and activin antagonists in 
hepatocellular carcinoma. World J Gastroenterol. 2008;14(11):1699–1709.

36.	 Zahran WE, Salah El–Dien KA, Kamel PG, et al. Efficacy of Tumor 
Necrosis Factor and Interleukin–10 Analysis in the Follow–up of 
Nonalcoholic Fatty Liver Disease Progression. Indian J Clin Biochem. 
2013;28(2):141–146. 

37.	 Birerdinc A, Stoddard S, Younossi ZM. The Stomach as an Endocrine 
Organ: Expression of Key Modulatory Genes and Their Contribution 
to Obesity and Non–alcoholic Fatty Liver Disease (NAFLD). Curr 
Gastroenterol Rep. 2018;20(6):24. 

38.	 Haberl EM, Pohl R, Rein–Fischboeck L, et al. Chemerin in a Mouse Model 
of Non–alcoholic Steatohepatitis and Hepatocarcinogenesis. Anticancer 
Res. 2018;38(5):2649–2657.

39.	 Polyzos SA, Anastasilakis AD, Efstathiadou ZA, et al. Irisin in metabolic 
diseases. Endocrine. 2018;59(2):260–274.

40.	 Adolph TE, Grander C, Grabherr F. Adipokines and Non–Alcoholic Fatty 
Liver Disease: Multiple Interactions. Int J Mol Sci. 2017;18(8):1649.

https://doi.org/10.15406/ghoa.2019.10.00370
https://www.ncbi.nlm.nih.gov/pubmed/19753129
https://www.ncbi.nlm.nih.gov/pubmed/19753129
https://www.ncbi.nlm.nih.gov/pubmed/19753129
https://www.ncbi.nlm.nih.gov/pubmed/19175895
https://www.ncbi.nlm.nih.gov/pubmed/19175895
https://www.ncbi.nlm.nih.gov/pubmed/19175895
https://www.ncbi.nlm.nih.gov/pubmed/19175895
https://www.ncbi.nlm.nih.gov/pubmed/21734787
https://www.ncbi.nlm.nih.gov/pubmed/21734787
https://www.ncbi.nlm.nih.gov/pubmed/21734787
https://www.ncbi.nlm.nih.gov/pubmed/22876924
https://www.ncbi.nlm.nih.gov/pubmed/22876924
https://www.ncbi.nlm.nih.gov/pubmed/21040935
https://www.ncbi.nlm.nih.gov/pubmed/21040935
https://www.ncbi.nlm.nih.gov/pubmed/21040935
https://www.ncbi.nlm.nih.gov/pubmed/20415685
https://www.ncbi.nlm.nih.gov/pubmed/20415685
https://www.ncbi.nlm.nih.gov/pubmed/20415685
https://www.ncbi.nlm.nih.gov/pubmed/23430039
https://www.ncbi.nlm.nih.gov/pubmed/23430039
https://www.ncbi.nlm.nih.gov/pubmed/23430039
https://www.ncbi.nlm.nih.gov/pubmed/29860102
https://www.ncbi.nlm.nih.gov/pubmed/29860102
https://www.ncbi.nlm.nih.gov/pubmed/29860102
https://www.ncbi.nlm.nih.gov/pubmed/29287776
https://www.ncbi.nlm.nih.gov/pubmed/29287776
https://www.ncbi.nlm.nih.gov/pubmed/29287776
https://www.ncbi.nlm.nih.gov/pubmed/29287776
https://www.ncbi.nlm.nih.gov/pubmed/30540228
https://www.ncbi.nlm.nih.gov/pubmed/30540228
https://www.ncbi.nlm.nih.gov/pubmed/8606007
https://www.ncbi.nlm.nih.gov/pubmed/8606007
https://www.ncbi.nlm.nih.gov/pubmed/8606007
https://www.ncbi.nlm.nih.gov/pubmed/21353887
https://www.ncbi.nlm.nih.gov/pubmed/21353887
https://www.ncbi.nlm.nih.gov/pubmed/18350601
https://www.ncbi.nlm.nih.gov/pubmed/18350601
https://www.ncbi.nlm.nih.gov/pubmed/24426199
https://www.ncbi.nlm.nih.gov/pubmed/24426199
https://www.ncbi.nlm.nih.gov/pubmed/24426199
https://www.ncbi.nlm.nih.gov/pubmed/24426199
https://www.ncbi.nlm.nih.gov/pubmed/29675753
https://www.ncbi.nlm.nih.gov/pubmed/29675753
https://www.ncbi.nlm.nih.gov/pubmed/29675753
https://www.ncbi.nlm.nih.gov/pubmed/29675753
https://www.ncbi.nlm.nih.gov/pubmed/29715085
https://www.ncbi.nlm.nih.gov/pubmed/29715085
https://www.ncbi.nlm.nih.gov/pubmed/29715085
https://www.ncbi.nlm.nih.gov/pubmed/29170905
https://www.ncbi.nlm.nih.gov/pubmed/29170905
https://www.ncbi.nlm.nih.gov/pubmed/28758929/
https://www.ncbi.nlm.nih.gov/pubmed/28758929/

	Title
	Abstract
	Keywords
	Introduction
	Aims 
	Method 
	Results 
	Discussion
	Conclusion
	Acknowledgments 
	Conflicts of interest  
	References

