
WJH https://www.wjgnet.com 1494 November 27, 2021 Volume 13 Issue 11

World Journal of 

HepatologyW J H
Submit a Manuscript: https://www.f6publishing.com World J Hepatol 2021 November 27; 13(11): 1494-1511

DOI: 10.4254/wjh.v13.i11.1494 ISSN 1948-5182 (online)

REVIEW

Promising diagnostic biomarkers of nonalcoholic fatty liver disease 
and nonalcoholic steatohepatitis: From clinical proteomics to 
microbiome

Carolina Castillo-Castro, Alexandro José Martagón-Rosado, Rocio Ortiz-Lopez, Luis Felipe Garrido-Treviño, 
Melissa Villegas-Albo, Francisco Javier Bosques-Padilla

ORCID number: Carolina Castillo-
Castro 0000-0001-6541-3779; 
Alexandro José Martagón-Rosado 
0000-0003-2135-6295; Rocio Ortiz-
Lopez 0000-0002-7783-026X; Luis 
Felipe Garrido-Treviño 0000-0003-
0786-6176; Melissa Villegas-Albo 
0000-0003-3003-532X; Francisco 
Javier Bosques-Padilla 0000-0002-
9795-7209.

Author contributions: Castillo-
Castro C and Martagón-Rosado AJ 
wrote the paper; Garrido-Treviño 
LF and Villegas-Albo M made the 
illustrations; Ortiz-López R and 
Bosques-Padilla FJ reviewed and 
composed the final document.

Conflict-of-interest statement: The 
authors declare no conflict of 
interests for this article.

Country/Territory of origin: Mexico

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): 0 

Carolina Castillo-Castro, Alexandro José Martagón-Rosado, Rocio Ortiz-Lopez, Luis Felipe 
Garrido-Treviño, Melissa Villegas-Albo, Francisco Javier Bosques-Padilla, Tecnológico de 
Monterrey, Escuela de Medicina y Ciencias de la Salud, Monterrey 64710, Mexico

Alexandro José Martagón-Rosado, Unidad de Investigación de Enfermedades Metabólicas, 
Instituto Nacional de Ciencias Médicas y Nutrición, Ciudad de México 14080, Mexico

Francisco Javier Bosques-Padilla, Centro Regional para el Estudio de las Enfermedades 
Digestivas, Servicio de Gastroenterología, Facultad de Medicina y Hospital Universitario Dr. 
José Eleuterio González, Universidad Autónoma de Nuevo León, Monterrey 64460, Mexico

Corresponding author: Francisco Javier Bosques-Padilla, PhD, Full Professor, Centro Regional 
para el Estudio de las Enfermedades Digestivas, Servicio de Gastroenterología, Facultad de 
Medicina y Hospital Universitario Dr. José Eleuterio González, Universidad Autónoma de 
Nuevo León, Ave. Madero y Gonzalitos S/N, Col. Mitras, Monterrey 64460, Mexico.  
fbosques58@hotmail.com

Abstract
Fatty liver has been present in the lives of patients and physicians for almost two 
centuries. Vast knowledge has been generated regarding its etiology and 
consequences, although a long path seeking novel and innovative diagnostic 
biomarkers for nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steato-
hepatitis (NASH) is still envisioned. On the one hand, proteomics and lipidomics 
have emerged as potential noninvasive resources for NAFLD diagnosis. In 
contrast, metabolomics has been able to distinguish between NAFLD and NASH, 
even detecting degrees of fibrosis. On the other hand, genetic and epigenetic 
markers have been useful in monitoring disease progression, eventually 
functioning as target therapies. Other markers involved in immune dysregulation, 
oxidative stress, and inflammation are involved in the instauration and evolution 
of the disease. Finally, the fascinating gut microbiome is significantly involved in 
NAFLD and NASH. This review presents state-of-the-art biomarkers related to 
NAFLD and NASH and new promises that could eventually be positioned as 
diagnostic resources for this disease. As is evident, despite great advances in 
studying these biomarkers, there is still a long path before they translate into 
clinical benefits.
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Core Tip: Nonalcoholic fatty liver disease is increasing in prevalence worldwide. Liver 
biopsy is considered the gold standard for diagnosis, but it has several limitations. 
Given the burden on the healthcare system caused by liver fibrosis in a population with 
metabolic syndrome, there is a priority for noninvasive and accurate diagnostic 
biomarkers that differentiate patients with steatosis from those with nonalcoholic 
steatohepatitis, stage fibrosis, predict progression, and monitor treatment response. 
These biomarkers could assist clinicians in early interventions, avoiding complications 
and improving prognosis. Here, we summarize the current evidence and future 
directions.
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INTRODUCTION
Thomas Addison first described “fatty liver” in 1836 in England; however, it was not 
until 1885 when Bartholow made an association between obesity and fatty liver. In 
1938, Charles Connor demonstrated a link between fatty liver and progression to 
cirrhosis in diabetic patients. Throughout the 1950s and up to the 1970s, pathologists 
reported similarities between alcoholic liver disease and hepatic histological changes 
in obese and diabetic patients. In 1980, Jurgen Ludwig[1] described patients who 
denied excessive alcohol consumption yet still had chronic liver disease and histo-
logical characteristics of alcoholic fatty liver disease. There was no name for the 
disease, so Ludwig coined the terms nonalcoholic fatty liver disease (NAFLD) and 
nonalcoholic steatohepatitis (NASH)[1].

As reported in the most recent guidelines, NAFLD is defined as the presence of 
steatosis in > 5% of hepatocytes in the absence of significant ongoing or recent alcohol 
consumption and other known causes of liver disease. While in 2005 it had a global 
prevalence of 15%, a rapid increase in sedentarism and excessive calorie intake 
independent of diet has pushed it to 24%, with the highest rates in South America 
(31%) and the Middle East (32%), followed by Asia (27%), the United States (24%), and 
Europe (23%)[2]. In persons with obesity or type 2 diabetes, it increases up to 70%-90%
[3]. Although there is a significant difference between ethnicities within these 
populations, the exact explanation remains unknown[2].

NAFLD is a necessary and opportune diagnosis, given that 59% progress to NASH. 
From this stage, 41% continue to fibrosis, with 40% ending with cirrhosis, increasing 
their risk of a liver transplant, cardiovascular disease, and mortality if there are no 
interventions[4]. In our country, the Mexican population has several risk factors for the 
disease because there is a high incidence of overweight and obesity[5], making the 
NAFLD prevalence likely to surpass 50%. Up to 82% of obese patients who have 
undergone bariatric surgery present NAFLD, alongside 36% of women with obesity[6].

An international panel has now proposed to rename the disease metabolic 
dysfunction-associated fatty liver disease to represent the hepatic manifestation of a 
multisystemic disorder. Until now, the diagnosis was reached by the exclusion of other 
liver diseases; however, as the pathogenesis is better understood, it is now perceived 
as a distinct disease and requires a positive diagnosis, which is why it is proposed that 
the criteria be based on histological, imaging, or blood biomarker evidence of fat 
accumulation in the liver in addition to one of the following three: Overweight/ 
obesity, type 2 diabetes mellitus, or evidence of metabolic dysregulation (at least two 
metabolic risk abnormalities)[1].
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Today, the liver biopsy remains the gold standard for diagnosing and monitoring 
liver disease, with the disadvantage of being a costly and invasive procedure[7], which 
is why it is important to look into possible new noninvasive diagnostic tools, such as 
biomarkers, use of transcriptomics, proteomics, metabolomics, and now “glycomics”
[8]. These should aid in predicting liver disease severity, progression, and response to 
lifestyle changes and pharmacological treatment[9]. The objective of this article is to 
review concisely and present the potential diagnostic biomarkers for NAFLD and 
NASH (Figure 1).

PROTEOMICS 
The concentrations of several plasma components are determined in routine clinical 
practice, including electrolytes, molecules, and proteins. Plasma proteins, which 
constitute the plasma proteome, are released as a result of inflammation, apoptosis, 
and oxidative stress (OS)[10]. Mass spectrometry-based proteomics[9] and two-
dimensional electrophoresis are powerful tools for studying differences[11] in the 
plasma proteome. There are differences in protein expression among patients with 
NAFLD and healthy controls. Proteomics technologies have gained relevance as 
potential non-invasive diagnostic methods for NAFLD.

Plasma proteomics
Plasma proteomics may be secreted by the liver or as a result of the response of the 
host to steatosis. Hemoglobin is currently the most replicated proteomic biomarker in 
NAFLD[12]. Studies have found that higher hemoglobin levels are associated with a 
higher incidence of NAFLD[12]. Circulating aminotransferase [aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT)] levels are markers of several liver 
diseases, including NASH. Changes in these enzymes are one of the most commonly 
observed abnormalities[10].

Fibroblast growth factor 21 is another protein secreted in response to peroxisome 
proliferator-activated receptor (PPAR)-α activation, and several studies support its 
potential use as a biomarker for NAFLD[13,14]. The elevation of retinol-binding 
protein 4 has also been associated with liver fat accumulation[15]. Some glycoproteins 
like serum fucosylated haptoglobin and Mac-2 binding protein are predictors of 
hepatocyte ballooning and liver fibrosis[16].

Cytokeratin-18 fragments, such as CK18Asp396, are other proteins that have been 
extensively studied. These are produced during apoptosis (M30) or cell death (M65). 
CK18 is the most reviewed biomarker to evaluate liver inflammation[15], but current 
knowledge does not support its use in clinical practice[17] because of its modest 
accuracy[8].

Increased cytokeratin-18 levels have good predictive value for NASH vs normal 
livers but do not differentiate NASH vs simple steatosis[18,19]. Cytokeratin-18 serum 
levels decrease parallel with histological improvement, but its predictive value is not 
better than ALT in identifying histological responders[20].

Circulating concentrations of cytokeratin-18 fragments were proposed as the most 
reliable predictors of NASH in patients with NAFLD[21].

Circulating extracellular vesicles
Another important plasma component includes circulating extracellular vesicles (EVs), 
which are small cell-derived membrane-surrounded structures enclosed by a 
phospholipid bilayer, with a specific cargo of bioactive molecules of cell origin. There 
are three types according to their size: Exosomes (40-100 nm), microvesicles or 
microparticles (0.1-1 μm), and apoptotic bodies (1-4 μm)[22].

They can be detected in several body fluids and can serve several functions by 
delivering a variety of bioactive molecules, including non-coding RNAs, proteins, 
lipids, and nucleic acids[23]. Recent studies have provided insight on the bioavail-
ability of circulating EVs in various fluids and, as a consequence, on their potential use 
as biomarkers for various diseases such as cancer[20,24,25], cardiovascular disease
[26], renal disease[27], and liver disease[28,29].

Some authors consider them noninvasive “liquid biopsies” for NASH diagnosis, 
and studies suggest they can assess disease severity[30]. Serum levels of total and 
hepatocyte-derived EVs correlate with NASH clinical characteristics, and disease 
severity in experimental models of NASH, liver and blood levels of EVs are increased 
and correlate positively with changes in liver histology[31].
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Figure 1 Although liver biopsy remains as the gold standard for the diagnosis of nonalcoholic fatty liver disease and nonalcoholic 
steatohepatitis, other current imaging studies are shown, along with promising diagnostic and/or monitoring biomarkers that may be 
present in each of the stages of hepatic pathology, ranging from reversible steatosis and inflammation to irreversible fibrosis and 
eventually cirrhosis (Figure 1 created with BioRender.com). US: Ultrasound; TE: Transient elastography; BMI: Body mass index; Hb: Hemoglobin; FGF-
21: Fibroblast growth factor 21; RBP4: Retinol binding protein 4; CK18Asp396: Caspase cleaved cytokeratin-18 fragment; TMAO: Trimethylamine N-oxide; LDL-c: 
Low density lipoprotein cholesterol; Fecal SCFAs: Fecal Short chain fatty acids; fCh: Ferrochelatase; IL-17: Interleukin-17; IL-22: Interleukin-22; PPARα: Peroxisome 
proliferator-activated receptor α; DR5: Death receptor 5; miRNA-122: MicroRNA 122; miR-192: MicroRNA 192; N/L ratio: Neutrophil/lymphocyte ratio; Th17/Treg 
imbalance: T helper 17/T regulatory cells imbalance; IL-1: Interleukin-1; IL-6: Interleukin-6; TNFα: Tumor necrosis factor alpha; ASGPR1+: Asialoglycoprotein 
receptor 1; CNN2: Calponin 2; miRNA-214: MicroRNA 214; miR-34a: MicroRNA 34a; Hfib1: Hepatic fibrosis 1; N/L ratio: Neutrophil/lymphocyte ratio; IFNγ: Interferon 
γ; IL-4: Interleukin-4; IL-13: Interleukin-13.

Povero et al[30] performed a study isolating EVs from controls with histologically 
confirmed NASH without cirrhosis and patients with cirrhotic NASH[30]. After the 
characterization of EV structural features, they found that differences in the quantity 
and protein components of circulating EVs could be potentially useful for differen-
tiating patients with NASH from controls and patients with pre-cirrhotic NASH from 
patients with cirrhotic NASH[30].

Notably, asialoglycoprotein receptor 1-positive hepatocyte-specific EVs may 
represent a surrogate noninvasive biomarker of portal hypertension in patients with 
cirrhotic NASH. If confirmed, these findings may support the clinical utility of 
asialoglycoprotein receptor 1-positive EVs (hepatocyte-specific EVs) as a potential 
alternative to an invasive hepatic venous pressure gradient[30].

Patients with NAFLD or NASH secrete increased levels of microvesicles derived 
from macrophages/monocytes [CD14(+)] and natural killer (NK) T cells; these levels 
correlate with NASH severity based on histology[28]. Hirsova et al[32] have 
demonstrated that lipids that stimulate death receptor 5 on hepatocytes also induce 
the release of hepatocyte EVs that activate an inflammatory phenotype in macro-
phages that lead to NASH[32].

However, a major problem in translating this research into clinically useful 
information is a lack of reproducibility and rigorous criteria for reporting these 
biomarkers. Proteomics analysis of EVs from patients with advanced NASH is 
currently limited.

Exosomes 
Exosomes are a type of EVs secreted in most cells[22]. These nanovesicles of endocytic 
origin are present in nearly all-human fluids. Exosomes have several bioactive 
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molecules, including proteins, lipids, and genetic materials[33]. They are conduits for 
intracellular transfer, and their signals can induce fibrosis, macrophage activation, 
cytokine secretion, and remodeling extracellular matrix (ECM) production and 
inactivate hepatic stellate cells (HSC)[34]. Hepatocytes are exosome-secreting cells that 
are also regulated by hepatic and extrahepatic exosomes[33].

Koeck et al[35] found that exosomes from visceral adipose tissue were involved in 
the progression of NAFLD by inducing dysregulation of the transforming growth 
factor-beta (TGF-β) pathway in hepatocytes and HSCs in vitro[35]. Another study by 
Seo et al[36] detected that during liver injury, damaged hepatocytes produce exosomes 
that activate toll-like receptor 3, which exacerbates liver fibrosis by enhancing 
interleukin-17A (IL-17A) production by γδ T cells[36].

Liver fibrogenic pathways are primarily controlled by HSC, which produces and 
responds to fibrotic mediators such as connective tissue growth factor (CCN2)[37]. 
Tadokoro et al[29] found that CCN2 upregulation in fibrotic or steatotic livers is 
associated with the downregulation of microRNA-214 (miRNA-214). miR-214 levels 
increased in quiescent HSC-secreted exosomes compared with active HSC-released 
exosomes[29]. On the other hand, exosomal CCN2 may amplify fibrogenic signaling 
and might be useful for assessing hepatic fibrosis[37].

Chen et al[38] found that the miR-214 promoter binds to the basic helix-loop-helix 
transcription factor (Twist1), which drives miR-214 expression and results in CNN2 
suppression. Twist 1 expression was suppressed during HSC activation. The amounts 
of Twist1, miR-214, or CCN2 in circulating exosomes from fibrotic mice reflected 
fibrosis-induced changes in the liver[38]. These findings suggest that during liver 
fibrosis, exosomes contain specific types of biomarkers, which could be helpful in the 
diagnosis and progression of liver diseases.

miRNA
Circulating microRNAs (miRNA) are RNA molecules that do not encode proteins but 
regulate gene expression in the body, binding to target mRNAs and interfering with 
their translation[22]. They are expressed in several liver cell types and may offer a 
biologically stable blood-based biomarker tool for the detection and stratification of 
liver disease[29].

Tadokoro et al[29] have suggested that serum/plasma miR-122 correlates with liver 
damage. They have also identified that miR-155 might serve as a liver inflammation 
biomarker. The one limitation found is that this miRNA cannot differentiate different 
liver damage etiologies[29].

Another study reported that miRNA-122 and miR-192 levels are dynamic and 
increase over time, closely correlating with the histopathological severity of NASH[31]. 
The miR-29 family (miR-29a, miR-29b, miR-29c) mediates the regulation of liver 
fibrosis through several cellular signaling pathways such as the nuclear transcription 
factor-kappa B pathway, TGF, and phosphatidylinositol 3-kinase/AKT signaling in 
HSC with upregulation of ECM genes for the progression of liver fibrosis[39].

Members of the miR-34 family (miR-34a, miR-34b, miR-34c) have pleiotropic roles in 
the cell cycle and promote the progression of hepatic fibrosis by activation of HSC[39]. 
miR-34a appears to have an important role in liver fibrosis by regulating the 
deposition of ECM[40]. miR-30c and miR-193 are also involved in fibrotic remodeling 
processes that modify the TGF-β-dependent regulation of ECM-related genes in HSCs
[41].

The miR-15 family mainly regulates the TGF-β pathway. The activation of HSCs 
relates to miR15a and miR15b, and they are thought to be essential for apoptosis by 
targeting Bcl-2 and the caspase signaling pathway[42]. The miR-378 family (specially 
miR-378a-3p) suppresses the activation of HSCs by directly targeting Gli3[43]. miR-571 
closely correlates with the liver cirrhosis stage, and it is upregulated in human 
hepatocytes and HSC[44]. miR-503 also acts on HSC activation and hepatic fibrosis 
through the TGF-β/SMAD pathway[45].

The miR-199 family and miR-200 family are responsible for ECM deposition and the 
release of profibrotic cytokines, which might play profibrotic or anti-fibrotic roles[39]. 
HSCs also have anti-fibrotic miRNAs, and these include miR-19b, miR-29, miR-30, 
miR-101, miR-122, miR-133a, miR-144, miR-146a, miR-150-5p, miR-155, miR-195, miR-
200a, miR-214, miR-335, miR-370, miR-454, miR-483, etc. The latter are responsible for 
the maintenance of the quiescent phenotype of normal HSCs[46]. Thus, these studies 
evidence the role of microRNAs as potential biomarkers of liver damage in NAFLD.
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METABOLOMICS
Technological advances in metabolomic analyses on feces, serum, plasma, urine, or 
liver biopsies led to identifying different metabolites in patients with NAFLD or 
NASH[47]. Recent studies have found that the severity of fibrosis is associated with 
serum metabolite changes[48-50].

Remarkably, some metabolites come from the host or the diet, but most need the 
participation of gut microbes. Notably, inosine and hypoxanthine are enriched in 
serum samples from patients with mild or moderate NAFLD[47]. Another study found 
that liver steatosis correlates with phenylacetic acid levels in humans[51]. Glutathione 
plasma concentration is significantly lower in subjects with liver steatosis, while in 
subjects with NASH, homocysteine and cysteine concentrations in plasma are higher
[52].

Gut microbially-derived metabolomics
Choline, betaine, and circulating methylamines: Choline is an essential component of 
phosphatidylcholine (a precursor of acetylcholine), mostly obtained from the diet[53]. 
It is known that a reduction in dietary choline is related to an increase in liver fat. Mice 
fed with a choline deficient diet are identified as a characteristic model of NAFLD[54]. 
Choline can be oxidized to betaine, and it has been found that patients with increasing 
severity of NAFLD have a decreased betaine to choline ratio[55]. The gut microbiota 
metabolizes choline into trimethylamine (TMA), which is further metabolized into 
trimethylamine-N-oxide (TMAO) in the liver[56]. Studies suggest that NAFLD severity 
is associated with increased urinary levels of TMA and TMAO, while TMAO seems to 
be associated with NAFLD severity[47].

TMAO and bile acids: Gut microbiota regulates secondary bile acid metabolism and 
inhibits the liver synthesis of lipids by alleviating farnesoid X-activated receptor 
inhibition[57]. TMAO is a gut-dependent metabolite of choline. A decreased level of 
bile acids could be associated with TMAO production and NAFLD since it induces a 
decrease in the bile acid pool by inhibiting two key enzymes of bile acid metabolism: 
Cytochrome P450 (CYP)7A1 and CYP27A1[55]. Some studies have found adverse 
associations between the circulating TMAO levels and the presence and severity of 
NAFLD and a favorable betaine-NAFLD relationship in participants[55].

Three-(4-hydroxyphenyl) lactate: Three-(4-hydroxyphenyl) lactate is a derived 
product of amino acid metabolism. It was consistently associated with increased liver 
fibrosis severity in a test and validation cohort[48].

Ethanol: Gut microbiota leads to endogenous ethanol production, which might be a 
liver toxin involved in NAFLD and NASH development[47]. A study showed that 
Klebsiella pneumoniae can produce ethanol from glucose in the absence of alcohol 
consumption, and it might be associated with NAFLD[58].

LIPIDOMICS AND LIPOTOXICITY 
Human serum and plasma are composed of lipids that play important roles in energy 
storage, metabolic regulation, signaling, etc.[10]. Technological advances have made 
possible the identification of specific alterations in lipids and metabolites in the feces, 
serum, plasma, urine, and liver of patients with NAFLD[47].

Choline is a dietary component metabolized in the liver, necessary for cell function. 
Epidemiological studies suggest that increased free choline levels are related to the 
degree of hepatic steatosis fibrosis[59].

Kalhan et al[60] have shown that plasma levels of triglycerides[60] and low-density 
lipoprotein cholesterol are higher in patients with NAFLD[52]; however, differences in 
this lipidomic profile are also observed in obesity. Therefore, this lack of specificity 
remains a limitation for their use. Barr et al[61] described a lipidomic signature 
associated with NAFLD progression to distinguish NASH from steatosis, depending 
on the body mass index in a large cohort of samples[61].

Gorden et al[62] described a panel of 20 lipids that differentiate patients with NASH 
and liver steatosis[62]. Later, Kimberly et al[63] identified the association between 
anandamide (endocannabinoid derived from arachidonic acid metabolism) and 
NAFLD severity[63]. Tokushige et al[64] reported 28 metabolites associated with liver 
fibrosis, showing a decrease of dehydroepiandrosterone sulfate and etiocholanolone-S 
with the progression of fibrosis[64].
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Puri et al[65] analyzed plasma lipids and eicosanoid metabolites in NAFLD and 
NASH patients. They reported increased plasma monounsaturated fatty acids and 
primary palmitoleic and oleic acids and decreased linoleic acid. Plasmalogen levels 
were significantly decreased in NASH, and 11-HETE (a nonenzymatic product of 
arachidonic acid) was increased in NASH[65]. Loomba et al[66] assessed the lipidomic 
profile in NAFLD and NASH patients and reported that 11,12-dihydroxy- eicosatrie-
noic acid (11,12-diHETrE) was the best biomarker for differentiating NAFLD from 
NASH[66].

Short-chain fatty acids (SCFAs) are comprised of butyrate, acetate, and propionate. 
They are produced in the colon through microbial fermentation of dietary fiber and 
are a substrate that increases liver triglyceride levels[67]. They are also involved in 
fatty acid synthesis and gluconeogenesis[68]. Human studies have observed an 
increased fecal concentration of SCFAs in patients with NAFLD and/or NASH[69].

In NAFLD, lipid metabolism is disrupted, and lipotoxicity is a key mechanism for 
NAFLD progression. Lipidomic profiling might provide a novel biomarker for the 
noninvasive prediction of NASH.

GENETIC MARKERS
The role of genetic and epigenetic factors in the progression of liver fibrosis is well 
documented. It is known that key regulatory genes partially control the cell 
phenotype. Several genes are involved in the pathogenesis and histological stage of 
liver fibrosis, although the mechanisms underlying gene regulation are highly 
complex and need additional research[70].

Chromosome 15, designated Hfib1 (hepatic fibrogenic gene 1), affects the stage of 
liver fibrosis[71]. The core of risk genes that control fibrosis progression has been 
defined by quantitative trait locus analysis in mouse strains by genome-wide interval 
mapping, which identified several genomic loci related to fibrosis phenotypes on 
chromosomes 4, 5, 7, 12, and 17[72].

Bruschi et al[73] reported that PLPNA3 quantification correlates with the liver 
fibrosis stage. Expression of PLPNA3 in biopsies from NASH patients is increased 
during progression from mild to severe liver fibrosis. Carriers of the I148M single-
nucleotide polymorphism (C>G) had higher PLPNA3 and serum liver enzyme 
(ALT/AST) levels, along with steatosis grade inflammation ballooning and NAFLD 
activity score, compared with non-polymorphism carriers[73]. On the other hand, 
Sharma et al[74] stated that neurocan is associated with NASH and liver fibrosis in 
patients of European ancestry. Another study found that patients of Indian descent 
with neurocan variations had higher ALT levels[74].

EPIGENETIC MARKERS
Epigenetics describes reversible gene expression changes that do not imply changes in 
the DNA sequence and are entirely cell type-specific. Epigenetic mechanisms initiate 
and sustain chromatin modifications by facilitating gene transcription, cell phenotype, 
and consequently, organ function. These mechanisms include DNA methylation, 
histone modifications, and noncoding RNAs mediating gene silencing[75].

Aberrant DNA methylation is associated with fibrosis. Komatsu et al[76] suggested 
that DNA hypomethylation in fibrogenic genes is crucial for the onset and progression 
of liver fibrosis[76]. Mann et al[77] confirmed this functional association of DNA 
methylation with liver fibrosis. The transdifferentiation of HSC to profibrogenic 
myofibroblast phenotype was suppressed in vitro by the DNMT inhibitor 5’-aza-
deoxycytidine[77]. The development of fibrosis is also related to changes in the 
expression of enzymes that regulate DNA methylation and hydroxymethylation[78].

Epigenetic modulation on the PPAR-γ gene promoter is involved in HSC differen-
tiation. Aberrant expression of a series of chemokines in HSCs aggravate inflammation 
and OS[79].

Small non-coding RNAs contribute to various pathologic states of liver disease, but 
miRNA has been previously reviewed. The detection of genetic and epigenetic 
markers may be helpful in the recognition and monitoring of disease evolution and 
can eventually be applied for targeted therapies.
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IMMUNE DYSREGULATION
NASH pathology encompasses an intricate network of mechanisms. OS activates 
Kupffer cells (KC), and KC activation triggers an innate and adaptative immune 
response, including the release of cytokines and chemokines that activate NK T (NKT) 
cells and HSCs[80]. Besides, there is augmented infiltration of different immune cells, 
such as monocytes, T lymphocytes, and neutrophils, in the activation and in situ 
expansion of liver cells, like KC or stellate cells. Activated KC and NKT cells promote 
additional fat accumulation in the liver. KC, neutrophils, NKT cells, and inflammatory 
T cells [T helper (Th)1, Th17, CD8+ T cells] enhance liver inflammation and contribute 
to the development of fibrosis[81].

The neutrophil to lymphocyte ratio (N:L ratio) has been proposed as a novel 
noninvasive marker to predict NASH and advanced fibrosis in patients with NAFLD
[82]. In patients with cirrhosis, these cells are functionally deficient, with impaired 
chemotaxis, phagocytosis, and intracellular killing. Their function correlates with 90-d 
survival[83].

On the other hand, monocytes are myeloid-derived cells that migrate to inflam-
mation sites, phagocytose microbes, and secrete cytotoxins. They are spontaneously 
activated in patients with liver fibrosis. Cirrhotic patients have an increased peripheral 
frequency of monocytes, impaired phagocytosis, and reduced responses to stimulation
[84].

Studies have reported that NK cells are dysregulated in liver diseases. One study 
found that IL-17- and IL-22- secreting iNKT cells are dominant at the beginning of 
liver steatosis, and IFNγ/IL-4/IL-13-secreting iNKT cells are prevalent at the most 
advanced course of the disease[85].

Notably, CD4+ T cells are reduced in patients with liver fibrosis. This finding could 
explain the increased risk of spontaneous bacterial peritonitis in these patients[86]. 
CD8+ T cells isolated from mice hepatic cells expressed an increased cytotoxic IL-10 
phenotype and CD8+ T cell depletion[87].

Th17 cells and T regulatory cells (Treg) originate from naïve T cell precursors. Th17 
cells are important for pathogen clearance and inflammation. Treg cells in patients 
with liver fibrosis are significant[88]. There is a Th17/Treg imbalance that positively 
correlates with NASH histological progression[89].

Innate lymphoid cells are lymphocytes that secrete cytokines and chemokines in 
response to pathogenic tissue damage. They have a role in inflammation and fibro-
genesis that progresses with advancing chronic liver disease[90].

OS AND INFLAMMATION
Detoxification is a crucial hepatic activity. It is vulnerable to OS and inflammation. An 
increase in free fatty acids is critical for the elevation of reactive oxygen species (ROS). 
A balance between the ROS and antioxidant systems is necessary for adequate cell 
function[80]. OS causes liver damage by altering DNA molecules, proteins, and lipids 
and modulating pathways associated with gene transcription, protein expression, cell 
apoptosis, and HSC activation. Inflammation is manifested as inflammatory cell infilt-
ration in the liver to fight pathogen invasion. When the stimuli are persistent, it can 
lead to cell injury and lipid accumulation associated with an increased risk of severe 
liver disease, including steatohepatitis and fibrosis[91].

In NASH, ROS are generated in several ways that can alter signaling pathways, 
such as cell kinases, phosphatases, and transcription factors, which impact cell prolif-
eration, differentiation, and apoptosis. They can lead to cirrhosis via the rebuilding of 
stellate cells and ECM within the liver. Substantial hepatic ROS is produced by 
excessive angiotensin II and activated CYP2E1, resulting in impaired beta-oxidation 
and eventually fatty liver[91].

Lipotoxicity in NAFLD causes OS and induces organelle damage due to decreased 
antioxidant systems, mitochondrial dysfunction, and an increase in unfolded protein 
response by endoplasmic reticulum stress[80]. On the other hand, there is an 
impairment of α-oxidation due to a decrease in PPARα activity, which upturns hepatic 
lipid levels. Fatty acid overload is the major source of reducing equivalents responsible 
for increased ROS production. Also, TNF-α and lipid peroxidation products could 
induce mitochondrial dysfunction. Mitochondrial damage will result in secondary 
lipid α-oxidation inhibition and a further increase in the degree of steatosis[80].

Furthermore, inflammatory cytokines such as IL-1-β, TNF-α, and IL-17/20/33, 
chemokines, like monocyte chemoattractant protein-1 and C-X-C chemokine ligand 10, 
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and the toll-like receptor pathway are intensively involved in the regulation of hepatic 
fibrogenesis[91]. Macrophage activation and influx in the liver are important for the 
progression of NAFLD since hepatic macrophages promote NASH development via 
cytokines IL-1, IL-6, and TNF-α[92]. Liver failure causes an increase of TNF-α, IL-6, 
and angiotensin II[80].

OTHER NOVEL MARKERS
Gut permeability markers 
The intestinal barrier is composed of chemical, physical, and immunological barriers. 
Maintaining a healthy barrier is essential to prevent microbial translocation and keep 
the liver safe to prevent systemic inflammation[93].

Differences in the taxonomic composition of the intestinal microbiome in NAFLD 
(an increased proportion of Firmicutes and a reduced proportion of Bacteriodetes) 
change metabolic function. The availability of bile acids, endogenous alcohols, and 
voltaic organic compounds increases. When these changes are combined with reduced 
SCFAs and choline, the integrity of the intestinal barrier is reduced[93].

Gut barrier disruption is recognized in patients with cirrhosis. The epithelial layers 
show structural abnormalities related to increased intestinal permeability or bacterial 
translocation[94]. Permeability can be measured by the urinary excretion of 
radiolabeled 51chromium-ethylenediamine tetraacetic acid or by measuring volatile 
organic compounds formed by the fermentation of some dietary polysaccharides[95].

CTC–cardiotonic steroids
Cardiotonic steroids (CTS) are part of a group of specific ligands of Na+, K+-ATPase, a 
ubiquitously expressed enzyme responsible for the maintenance of electrochemical 
gradients across the cell membrane through active transport[96] that provokes a 
variety of cell signals[70]. In the last decades, studies have revealed the role of Na+, K+-
ATPase and its signaling in various diseases, including inflammation and fibrosis[97].

CTS increase cholesterol synthesis in liver HepG2 cells, which augments the activity 
and expression of 3-hydroxy-3-methylglutaryl-coenzyme A reductase[98]. Disturbed 
cholesterol balance underlies cardiovascular disease and an increasing number of 
other diseases, such as neurodegenerative diseases, cancers, and liver disease[99].

Elevated CTS might encourage increased cholesterol levels in the liver and worsen 
liver fibrosis by activating HSCs[100] and other redox-inflammatory pathways[101]. 
This increase in cholesterol levels could precipitate hepatocyte injury and macrophage 
activation that could lead to liver fibrosis progression. However, even CTS seem to 
have an important role in hepatocyte lipotoxicity and fibrosis; to our knowledge, they 
have not been studied as biomarkers for liver disease progression.

GUT MICROBIOTA
A large community of viruses, bacteria, archaea, and fungi live in the gastrointestinal 
tract and composes the gut microbiota[102]. It has critical roles in digestion, immunity, 
and metabolism[103]. Recently, the characterization of gut microbiota has evolved 
rapidly due to the advances in sequencing technology, permitting the creation of a gut 
microbiota gene catalogue[102]. The collective genetic material of the microbiota is 
often referred to as the “gut microbiome”. It encodes pathways that produce small 
bioactive molecules derived from dietary or metabolic precursors and may alter 
human health[104].

Thus, knowledge of microbiome characteristics in different metabolic diseases has 
increased in the past years. There has been great interest in dysbiosis (alterations in the 
composition and balance of microbiota[104]). Microbiota alterations are being studied 
as possible diagnostic biomarkers to improve personalized care. Animal studies have 
demonstrated a potential causal role of gut microbiota in NAFLD development[105]. 
However, extrapolating mouse model experimental information to humans has several 
limitations[106]. Consequently, signatures specific to liver alterations would be useful 
as NAFLD diagnostic biomarkers. However, discrepant microbiome signatures might 
be linked to the heterogeneity of diet, drugs, infections, environmental exposures, 
among others[104].
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Bacterial microbiome
Alterations in the gut microbiome have been associated with the progression and 
severity of NAFLD[107]. Proteobacteria are enriched in steatosis[103,108,109]. Patients 
with NAFLD, compared with healthy individuals, also have significant changes at the 
phylum (increased Enterobacteriaceae[109] and decreased Rikenellaceae and Rumino-
coccaceae[109]) and genera level (increased Escherichia[109], Dorea, and Peptoniphilus 
and decreased Anaerosporobacter, Coprococcus, Faecalibacterium, and Prevotella)[103].

When comparing people with NASH vs healthy controls, some patterns are 
observed that also overlap with the NAFLD microbiome: Phylum (increased Proteo-
bacteria[50,109-111]), family (increased Enterobacteriaceae[109,110] and decreased 
Ruminococcaceae[110-113] and Rikenellaceae[110]), and genera (increased Dorea[111] 
and decreased Faecalibacterium[110,113,114], Coprococcus[110,112,113], and Anaeros-
porobacter[112,114]).

Few projects have studied microbial composition as a function of fibrosis 
progression. Bacteroides vulgatus and Escherichia coli are the most abundant species in 
advanced fibrosis (F3–F4)[50]. Models have been proposed to use the microbiome as a 
reservoir for diagnostic signatures of NAFLD fibrosis[50], but further confirmation in 
independent cohorts and across geographical regions is necessary to assess their 
clinical relevance.

Microbial signatures of liver fibrosis are related to a severe shift in taxa 
conformation, leading to a growth in pathogenic taxa and a decline in metabolically 
beneficial taxa[115]. However, the evaluation of gut microbiota contribution to liver 
disease progression (from steatosis to NASH and NASH cirrhosis) is limited and 
bacterial markers are frequently identified in a given study yet not confirmed in 
independent cohorts.

Although some studies consider gut bacterial groups as promising markers of 
different stages of liver disease, if the microbiota is a causal factor and how it interacts 
with the complex pathophysiological processes driving disease progression from mild 
fibrosis to severe fibrosis is still under investigation[50,109].

Virome
Dense and complex populations of intestinal viruses reside in the gut and interact with 
other microorganisms and the human host[116,117]. Most intestinal viruses are 
bacteriophages (phages), viruses that can specifically infect bacteria[118]. Phages may 
serve as important microbiota genetic diversity reservoirs by acting as vehicles for the 
horizontal transfer of virulence, antibiotic resistance, and metabolic determinants 
among bacteria[119].

Lang et al[120] studied the fecal viromes from NAFLD patients and controls. They 
found associated histologic markers of NAFLD severity with significant decreases in 
viral diversity and proportion of bacteriophages[120]. The intestinal virome is specific 
for every individual, and viral diversity measures were the third and fifth most 
important variables following a higher AST and higher age. The most important viral 
species belonged to Lactococcus phages, and several Lactococcus phages were less 
present in patients with NAFLD and NASH.

Protozoa and fungi
Fungi and archaea are important components of the human microbiota. Recent 
findings have revealed that mycobiome (commensal fungi at barrier surfaces) can 
influence host immunity and the development and progression of human inflam-
matory diseases[121]. The human gut mycobiome is dominated by Saccharomyces, 
Malassezia, Candida, and Cladosporium and are an important modulator for local and 
peripheral immune responses. Patients with liver fibrosis have decreased fungal 
diversity and increased Candida[122]. Gut mycobiota disturbance might produce 
metabolites called mycotoxins (trichothecenes, zearalenone, fumonisins, ochratoxins, 
aflatoxins) that can alter gut health by compromising intestinal epithelia[123,124].

LIMITATION
The increasing burden of NAFLD worldwide has encouraged the search for novel 
biomarkers to detect liver diseases. Liver biopsy is currently the gold standard for 
diagnosis and staging, but it has several limitations, including sampling errors, 
invasiveness, inter-observer variability, and related procedure risks. Researchers have 
faced the challenge of developing novel biomarkers in past decades, and significant 
advances have been made. A promising biomarker should be liver-specific, accessible 
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Figure 2 Potential biomarkers involved in hepatic pathophysiology. Hb: Hemoglobin; FGF-21: Fibroblast growth factor 21; RBP4: Retinol binding 
protein 4; CK18Asp396: Caspase cleaved cytokeratin-18 fragment (M30); Fuc-Hpt: Fucosylated haptoglobin; Mac2bp: Mac-2-binding protein; DR5: Death receptor 5; 
miRNA-122: MicroRNA 122; miR-192: MicroRNA 192; ASGPR1+: Asialoglycoprotein receptor 1; CNN2: Calponin 2; miRNA-214: MicroRNA 214; miR-34a: MicroRNA 
34a; TMAO: Trimethylamine N-oxide; LDL-c: Low density lipoprotein cholesterol; Fecal SCFAs: Fecal Short chain fatty acids; fCh: Ferrochelatase; 11-HETE: 11-
Hydroxyeicosatetraenoic Acid; 11,12-diHETrE: 11,12-dihydroxyicosatrienoic acid; DHEA-S: Dehydroepiandrosterone sulphate; PPAR-γ: Peroxisome proliferator-
activated receptor γ; IL-17: Interleukin-17; IL-22: Interleukin-22; N/L ratio: Neutrophil/lymphocyte ratio; Th17/Treg imbalance: T helper 17/T regulatory cells imbalance; 
IFNγ: Interferon gamma; IL-4: Interleukin-4; IL-13: Interleukin-13; CD4+T: Cluster of differentiation 4, T helper cells; T reg: Regulatory T cells; ILCs: Innate lymphoid 
cells.

and accurate, replicable, and available in clinical laboratories. As summarized in this 
article, most studies have focused on proteomics, metabolomics, genome-wide 
association studies, microbiome, and inflammation markers. Still, some may be more 
specific for NAFLD while others for NASH, although the challenge for determining 
the etiology and staging the degree of severity remains a limitation (Figure 2).

The evaluation of future biomarkers for the assessment of liver fibrosis could greatly 
impact the health system. There is a priority for non-invasive diagnostic tools to fulfil 
medical needs, differentiate patients with steatosis from those with NASH and 
fibrosis, predict disease progression, and monitor patients to evaluate the therapeutic 
response. In the following years, it would be expected that a physician who faces a 
hepatic patient could suspect hepatic disease, perform imaging studies, and from there 
have a set of potential biomarkers that they may request to have a concrete and 
specific diagnosis. Some of these biomarkers have strong diagnostic performance, but 
current evidence shows a lack of reproducibility. Besides, the analytical, clinical 
validity of the methodology is lacking. Validity is necessary to translate basic research 
into real clinical application. Even if we perform this validation, it is unlikely that a 
single biomarker could fulfil this necessity. A combination of these biomarkers could 
soon be used to create a diagnostic panel. This panel, combined with the patient´s 
clinical history and clinical data, could certainly lead to a medical decision that results 
in an accurate diagnosis and treatment. This result must be the goal in the following 
years.
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CONCLUSION
Through this review, we have shown that despite a wide range of potential biomarkers 
for the different stages of hepatic steatosis and fibrosis, there is still a long path to the 
translation of these resources. We provide evidence of the current absence of an 
efficient, non-invasive, and widely accessible test for NAFLD and NASH detection. 
Biomarkers are still in early stages. Rigorous, well-designed comprehensive studies are 
required to determine the actual benefit these may pose for determining the risk, 
diagnosis, and progression of the hepatic patient. In conclusion, our review compiles 
significant efforts to find new promising biomarkers for liver disease, still leaving 
great challenges. There is still a need to define normal reference levels in healthy 
individuals and the different stages of the disease and to determine the clinical 
sensitivity and specificity of biomarkers to develop a clinical diagnostic panel.
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