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ABSTRACT

Non-alcoholic fatty liver diseases (NAFLD) are the most occurring chronic liver diseases caused by hepatic manifestation of metabolic syndromes
like insulin resistance in Type-2 diabetes, obesity and hyperlipidemic condition. Indian men have a high prevalence of NAFLD. Genetic factor is also
an important consideration for NAFLD. The core aim of this study is to focus on non-invasive biochemical markers for diagnosis of NAFLD as an
alternative to liver biopsy. Biopsy is the gold standard for NAFLD; however a variety of studies powerfully suggest that due to the limitation and risk
of biopsy, as well as improvement of the diagnostic accuracy of biochemical markers, biopsy should no longer be considered obligatory. Thus, due to
the limitation of liver biopsy, numerous biomarkers has been developed recently, which may provide more accurate results than an inferior quality
liver biopsy. Some important biomarkers are caspase-cleaved cytokeratin-18, breath biomarker, circulating microRNAs, abdominal ultrasound,

adipocytokines, etc.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is one cause of a fatty
liver, occurring due to deposition of fat (steatosis) in the liver, not by
chronic intake of alcohol in excess [1]. NAFLD is associated with insulin
resistance and metabolic syndrome (obesity, combined hyperlipidemia,
Type 2 diabetes mellitus and high blood pressure) [1,2]. Genetic
variation in apolipoprotein C3 gene is also responsible for NAFLD [2].
Non-alcoholic steatohepatitis (NASH) is the most extreme form of
NAFLD this being regarded as a major cause of cirrhosis of the liver of
unknown cause [3].

The consensus conference statements recommend liver biopsy in the
management of almost all patients with the most frequent chronic liver
disease (CLD): Chronic hepatitis C virus and hepatitis B virus, NAFLD,
and AFLD with its risk of NASH, but also underline the necessity of
developing reliable non-invasive tests [4].

Common findings in NAFLD are elevated liver enzymes and a liver
ultrasound showing steatosis [1]. Non-invasive diagnostic tests have
been developed, such as Fibro Tests that estimates liver fibrosis [5], and
Steato Test (ST) that estimates steatosis [6]. Apoptosis has been shown
to be the mechanism of hepatocytes destruction and caspase-cleaved
cytokeratin-18 (CK18) (M30-Apoptosense ELISA) in serum/plasma is
often elevated in patients with NASH [7,8]. Hypothyroidism is more
prevalent in NASH patients, which would be detected by determining
the thyroid- stimulating hormone (TSH) [9]. Aminotransferase levels
are also found to elevate in non-alcoholic fatty liver diseases [10].

Initially an ideal diagnosis can only be achieved by liver biopsy and
histopathological analysis, but recently, a number of non-invasive
biomarkers are developed that can differentiate the stages of fibrosis
with accuracy similar as liver biopsy without any complication. Fibrosis
and cirrhosis occur from NASH and NASH from simple steatosis [9, 11].

Liver biopsy

Liver biopsy is a medical test involving sampling of cells or tissues
of liver from living subjects to diagnose the presence or extent of
liver disease and to monitor the progress of treatment. The first liver
aspirate was performed by the German physician Paul Ehrlich in 1883

and percutaneous liver biopsy was first reported in the 1920s. Biopsy
is often required for the diagnosis of jaundice, NAFLD and other liver
diseases [12]. Biopsy can be performed percutaneously, intravenously
or directly during abdominal surgery. The sample is examined by
microscope, and may be processed further by immunohistochemistry,
determination of iron and copper content, and microbiological culture
if tuberculosis is suspected [13].

Liver biopsy is usually a safe procedure, but it is invasive. Difficulties
of biopsy are rare but potentially lethal. The majority of complications
(60%) occur within 2 hrs, and 96% occur within 24 hrs following the
procedure. Approximately, 2-3% of patients undergoing liver biopsy
require hospitalization for the management of an adverse event [14,15].
About 30% of patients experience significant pain during the procedure.
Significant bleeding after a liver biopsy occurs in 1-2 out of 100 patients
who are biopsie [17,18]. Bleeding usually becomes apparent within
3-4 hrs. It often stops on its own, but if persists, a blood transfusion
may be needed. Surgery or angiography may be required if the bleeding
is severe or does not stop on its own. Intra-peritoneal hemorrhage is
the most serious consequence of bleeding. Fatal complications have
been reported in up to 0.01-0.3% of biopsied patients [16-18]. However
bleeding is now unlikely with ultrasound guided liver biopsy in the last
5 years.

Biopsy results show major variability (up to 40% in the diagnosis of
fibrosis) which can lead to an incorrect or poor diagnosis, the results
depend on the representatively of the punctured sample [19]. In
2002, the consensus conferences in France and in the USA raised the
possibility of treating patients with chronic hepatitis without liver
biopsy. These conferences also underlined the necessity of developing
reliable non-invasive tests that might be an alternative to liver biopsy
in NAFLD [20]. Biopsy will likely remain particularly important in the
diagnosis of unexplained liver disease. Non-invasive tests for liver
fibrosis in alcoholic, non-alcoholic and viral liver diseases are likely to
become more widely used [21].

Non-invasive biomarkers

Biopsy is not most preferred technique to diagnose the liver diseases
because of some demerits such as excessive bleeding, intra-peritonial
hemorrhage, sampling error and availability of highly accurate and more
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précised non-invasive biomarkers. These non-invasive biomarkers aid
to give alternative of liver biopsy which is advantageous due to its low
cost and safer than liver biopsy [16-18].

Therefore, familiarity of these biomarkers necessary to diagnose the
NAFLD and other liver diseases. However, these biomarkers have
also not been extensively validated because the risk of false positive
or negative in large community based populations. There is none of
available test has established a continuous and linear correlation with
fibrosis stage and fibrosis grades. Liver biopsy also has sometime false
positive or negative result [19].

ST and fatty liver index (FLI)

These both markers are able to recognize the presence of NAFLD. ST and
FLI are accurate and easy to use markers for the diagnosis of steatosis and
allowed differentiation between mild, moderate and severe steatosis. It is
found that ST and FLI useful for the discrimination between insignificant
(S0 and S1) and a significant steatosis (S2 and S3) [22].

The degree of hepatic steatosis in NAFLD patients was assessed
according to the Kleiner criteria: Grade 0: Fat droplets <5% hepatocytes
(S0); Grade 1: Fat droplets in 5-33% hepatocytes (S1); Grade 2: Fat
droplets in 33-66% hepatocytes (S2) and Grade 3: Fat droplets in >66%
hepatocytes (S3) [23].

FLI is an algorithm for the prediction of steatosis based on biochemical
factors. ST is a simple blood test, combining 10 blood components,
developed in order to provide an estimate of quantitative steatosis in
NAFLD [11]. FLIis a composite index, which combines four parameters:
Body mass index (BMI), waist circumference, triglycerides and gamma-
glutamyl transpeptidase (GGT) in a mathematical algorithm, developed
to detect the presence of steatosis [24].

Steato  Test™ combines 10 blood components: Alpha-2
macroglobulin (g/L), haptoglobin (g/L), apolipoprotein A (g/L), total
bilirubin (pmol/L), GGT (IU/L), alanine-aminotransferase (ALT) (IU/L),
aspartate-aminotransferase (AST) (IU/L), total cholesterol (mmol/L),
triglycerides (mmol/L), fasting glucose (mmol/L) with age, gender and
BMI. However alpha-2 macroglobulin is found to confusing whether it
reflect steatosis state or not. ST scores range from 0.00 to 1.00 with
higher scores indicating a greater probability of significant lesions. The
use of non-invasive methods for diagnosis of NAFLD is adequate and
accurate. ST and FLI are precise and easy to use for diagnosis of steatosis
and for differentiation between mild, moderate and severe steatosis.
FLI contains routine lab tests, is cheaper and has similar efficiency to
ST for detection of steatosis and its degree. The complementary use of
two biological methods could improve the diagnostic accuracy [22].

Hyaluronic acid and laminin in liver fibrosis

Serum hyaluronic acid (HA) and Laminin (LN) levels increase with
the development of liver fibrosis and could be used as a non-invasive
biomarkers to discriminate between patients with liver fibrosis and
healthy individuals. A cut-off point of 59.5 ng/ml HA and 52.0 ng/ml
LN for the discrimination of patients with liver fibrosis from healthy
controls and 102.0 ng/ml HA and 92.5 ng/ml LN for the discrimination
of patients with mild from severe fibrosis showed acceptable area
under this curve, sensitivity and specificity. An increase in serum HA
and LN concentrations above the predictive value is associated with
liver fibrosis [25].

Liver fibrosis is a process involving production and deposition of
various components that constitute the extracellular matrix. Some of
these components are non-collagenous glycoproteins such as LN, HA,
and proteoglycans [26].

HA is a glycosaminoglycan distributed in the extracellular spaces. In the
liver, HA is mostly synthesized by the hepatic stellate cells and degraded
by the sinusoidal endothelial cells. In recent years, some studies proposed
HA and LN as indices of the extent of liver fibrosis in CLD [27,28].
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One of the main glycoproteins of the basement membrane is LN, which
is synthesized by hepatocytes and sinusoidal cells [29], stellate cells or
lipocytes produce the largest amount of serum LN. An increased serum
LN level in advanced stages of fibrosis has observed [30]. LN serum
concentrations could be a sensitive screening test for hepatic fibrotic
disease and portal hypertension if the test were assessed together with
the serum level of HA [31].

Breath biomarkers

Breath biomarkers have the potential to offer information that is similar
to conventional clinical tests or they are entirely unique. Preliminary
data support the use of breath biomarkers in the study of liver disease,
in particular NAFLD [32].

Evaluation of whether breath ethanol, ethane, sulfur compounds and
acetone would be associated with hepatic histopathology amongst
morbidly obese patients presenting for bariatric surgery. It is found
that breath ethanol, ethane and acetone can be useful biomarkers in
patients with NAFLD. In particular, breath ethanol can be associated
with hepatic steatosis, and breath acetone can be associated with
NASH. Mitochondrial dysfunction plays a central role in the general
pathogenesis of NAFLD, increasing the risk of developing steatosis
and subsequent hepatocellular inflammation. Hepatic mitochondrial
function is assessed by a non-invasive [12] C-methionine breath test
in patients with histologically proven NAFLD [33]. Breath composition
is altered in liver diseases. lon-molecule reaction-mass spectrometry
(IMR-MS) combined with a new statistical modality improves the
diagnostic accuracy of breath analysis in liver diseases. IMR-MS is a
promising tool for liver diagnostics by breath analysis [34].

Circulating microRNAs

MicroRNAs are small non-coding RNAs that control translation and
transcription of many genes. They are receiving growing attention
because of numerous reports on their dysregulation in human diseases
and their potential as diagnostic and therapeutic targets. Because
of their stability and presence in almost all body fluids, microRNAs
constitute a novel class of non-invasive biomarkers [35-37].

Circulating MicroRNAs miR-122, miR-34a, miR-16 and miR-21 are
commonly deregulated in liver fibrosis and hepatocellular carcinoma.
Serum levels of miR-34a and miR-122 may represent novel non-invasive
biomarkers of diagnosis and histological disease severity in patients
with NAFLD. Circulating levels of these miRNAs correlate with hepatic
histological disease severity in patients with NAFLD and can potentially
serve as circulating markers for disease stage assessment [38]. The
highly abundant liver-specific miR-122 is of particular interest because
of miR-122 is known to regulate metabolic pathways in the liver,
including cholesterol biosynthesis [39-42].

Plasma proteomic profiling via an N-terminal isotope tagging
strategy

Proteomics is used to determine the expression and dynamics of
many proteins, and is especially suitable for exploration of disease
biomarkers. Comparison of proteomes of disease and control plasma
samples has been shown to be a suitable approach for discovering
plasma biomarkers of liver diseases [43]. Quantitative proteomic
techniques based on stable isotope labeling are increasingly being
applied in biomarker studies [44,45].

The N-terminal acetyl isotope (d0/d6) labeling technique shows great
potential in biomarker detection with its high-throughput identification
and accurate quantification of proteins, as well as being a simple
procedure. Leading edge liquid chromatography/Fourier transform
ion cyclotron resonance MS (LCFTICR-MS) technology’s superior
sensitivity and powerful measurement can also contribute to plasma
biomarker detection [46].

Plasma proteomic profiling via an N-terminal isotope tagging strategy
coupled with 1 LCFTICR-MS measurement to detect liver fibrosis
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staging. Pooled plasma from different liver fibrosis stages, which were
assessed in advance by the liver biopsy, was quantitatively analyzed.
A total of 72 plasma proteins were found to be dysregulated during the
fibrogenesis process, and this finding constituted a valuable candidate
plasma biomarker bank for follow-up analysis. Quantitative proteomics
via the N-terminal acetyl isotope labeling technique provides an
effective and useful tool for screening plasma candidate biomarkers for
liver fibrosis [47].

Abdominal ultrasound

Abdominal ultrasound is widely used for screening fatty liver disease
in asymptomatic patients with an incidental elevation of liver enzymes.
Ultrasound is very sensitive, but it cannot detect small amounts of
hepatic steatosis, and it is not quantitative [48-51].

Adipocytokines

The term “adipokines or adipocytokines” comprises a group of
polypeptide hormones, which are expressed predominantly, although
not entirely, by adipose tissue in a regulated manner. These molecules
are secreted into the circulation and regulate the functions of different
tissues through local, central and/or peripheral actions [52]. The major
adipocytokines are;

Adiponectin

Adiponectin is an abundant adipocyte-derived hormone with
well-established anti-inflammatory and insulin sensitizing properties.
The significance of adiponectin in protecting obesity-related NAFLD
has been increasingly recognized. Adiponectin is an insulin-sensitizing
adipokine possessing multiple beneficial effects on obesity-related
medical complications and thus, NAFD. This adipokine is secreted from
adipocytes into the circulation as three oligomeric isoforms, including
trimer, hexamer and the high molecular weight oligomeric complex.
Each oligomeric isoform of adiponectin possesses distinct biological
properties and activates different signalling pathways in various target
tissues [53].

Leptin

Leptin, an adipocytokine produced primarily in visceral adipocytes, is
the gene product of the ob gene, identified in the mid-1990s. Leptin
receptors are found primarily in the hypothalamus, but also in vascular
endothelial cells. Leptin acts by binding to specific receptors in the
hypothalamus to alter the expression of several neuropeptide especially
neuropeptide-Y that regulate neuroendocrine function, energy intake
and expenditure. Leptin levels correlate with percentage body fat and
are correspondingly higher in women. In the genetically obese mouse
model,a mutated gene results in little or no leptin production. These
obese mice lose weight with leptin replacement, and hence, leptin is
clearly involved in obesity [54].

There is a large body of evidence implicating leptin in the scheme
of NAFLD overall. It is generally accepted that insulin resistance is
almost always present in NAFLD, particularly in NASH. Serum leptin
in multivariate analysis is related to insulin levels, fat mass, lean mass
and correlates strongly with insulin resistance in humans [55-58]. In a
biopsy proven cases of NASH, leptin levels were twice those found in
controls matched for BMI, gender and age. The leptin is likely involved
in the pathogenesis of insulin resistance, and hence steatosis [59]. Thus,
increase leptin level may be associated with insulin resistance (Type-2
diabetic mellitus), obesity and NAFLD.

Retinol binding protein (RBP-4)

RBP-4 is newly identified adipokine derived mainly from the adipose
tissue, in the pathogenesis of metabolic syndrome (insulin resistance),
as well as NAFLD, which is considered a hepatic manifestation of
this syndrome. Obesity, insulin resistance and dyslipidemia are the
most significant risk factors of NAFLD, but the role of adipokines in
the pathogenesis of this disease is not clear. The ability of RBP-4 to
differentiate the children with advanced liver steatosis from those with
mild steatosis is not significant [60].
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Decreasing levels of RBP-4 were associated significantly with increasing
levels of serum triglyceride. High levels of RBP-4 were associated
significantly with low necro-inflammatory activity, a low NAFLD
activity score and a low fibrosis score. Furthermore, serum RBP-4 levels
decreased significantly as disease severity increased; there is a stepwise
decrease in RBP-4 from children with steatosis to borderline NASH to
definitive NASH. Thus, an inverse relationship between RBP-4 levels
and degree of liver damage. RBP4, therefore, might be a potential novel
non-invasive marker of severity of pediatric NAFLD [61]. The liver is
the major source of RBP-4 secretion in rodents and in humans [62] few
other studies displayed no differences between controls and NAFLD
adults in the level of RBP-4 [63,64].

Resistin

Resistin is a polypeptide hormone belonging to adipokines [65], reduces
insulin sensitivity in adipocytes, skeletal muscles and hepatocytes by
suppression of insulin stimulated glucose uptake. Moreover resistin
expression has been demonstrated in mononuclear leucocytes and in
inflamed tissues, suggesting a pro-inflammatory properties for resistin
or its regulation by inflammatory mediators including interleukin-1
(IL-1), IL-6 and tumor necrosis factor -a (TNF-a) [66]. Previous studies
have shown that expression of resistin is detectable in liver tissue and is
up-regulated by chronic damage, indicating that resistin can be used as
an indicator of severity of cirrhosis in CLD of patients [67].

Serum levels of CK18 M30

Caspase-cleaved CK18 is considered as a biomarker of NAFLD using a
combination of the M30 and M65 ELISAs. M30 and M65 Apoptosense
ELISAis an ELISA developed for the detection of soluble caspase-cleaved
keratin-18. CK18 M30 levels were significantly higher in patients with
NAFLD versus controls; this marker is able to differentiate the degree of
severity from simple steatosis to fibrosis and cirrhosis [68]. Activation
of caspase 3 results in cleavage of CK18 giving Rise to the morphological
changes of apoptosis. Once the cell undergoes secondary necrosis, CK18
fragments are released and can be detected in serum. Caspase-cleaved
CK18 fragments (CK18 M30) is measured in serum using ELISAs.

Markers of hepatocellular apoptosis may be particularly useful; as free
fatty acid accumulates in the cell, lysosomes and mitochondria undergo
permeabilisation and activation of the caspase cascade [69]. Increasing
evidence suggests hepatocytes apoptosis is a key mediator of liver
injury in NAFLD. Plasma CK18 fragments were markedly increased
in patients with NASH compared with patients with simple steatosis
or normal biopsies [70]. Markers of oxidative stress, including lipid
peroxidation products may also be useful markers of disease. These
substances are volatile and not always easily measured in serum [71].
M30 and M65 are relatively newly described the sandwich ELISA assays
that determine in either plasma or serum different circulating forms of
the protein CK18 [72,73].

Haptoglobin (Hp) and C-reactive protein (CRP)

Hpisaprotein thatin humansis encoded by the Hp gene. In blood plasma,
Hp binds free hemoglobin released from erythrocytes with high affinity
and thereby inhibits its oxidative activity [74,75]. CRP is a protein found
in the blood, the levels of which rise in response to inflammation. Its
physiological role is to bind to phosphocholine expressed on the surface
of dead or dying cells in order to activate the complement system via the
C1Q complex [76]. CRP is synthesized by the liver [77], in response to
factors released by the adipocytes [78]. It is a member of the pentraxin
family of proteins [77]. It is not related to C-peptide or protein C. Up
regulation of CRP and down regulation of Hp associated with NAFLD.
Western blotting validated that CRP is dramatically higher in the serum
of alcoholic fatty liver compared to healthy controls and other animals
with liver disease of NAFL or liver fibrosis [79].

Advanced magnetic resonance imaging (MRI) spectroscopy

With recent advances in technology, advanced MRI methods such as
diffusion-weighted and perfusion-weighted MRI, magnetic resonance
(MR) Elastography, chemical shift-based fat-water separation, and
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MR spectroscopy can now be applied to liver imaging. MRI plays
an increasingly important role in the assessment of patients with
CLD because of the lack of ionizing radiation and the possibility of
performing multi parametric imaging. This technique is also useful
for determination of iron deposition in NAFLD patients. Some general
limitations of the methods include limited availability, complex
acquisition, processing, and a learning curve [80].

Iron overload in the liver can result from a variety of causes but is most
commonly encountered in patients with genetic hemochromatosis,
transfusional hemosiderosis, and a chronic inflammatory state.
Increased iron stores are toxic to the liver and are well known to be
carcinogenic in patients with hemochromatosis [81].

OTHER DIAGNOSTIC METHODS

Othertechniquesarerelevanttobloodtestsaserythrocyte sedimentation
rate, glucose, albumin and renal function. Hypothyroidism is more
common in NASH patients, which would be detected by determining the
TSH, Serum TSH level was significantly higher in non-alcoholic fatty liver
than in normal liver patient [82]. However, multiple logistic regression
analysis showed that TSH level was not the independent risk factor of
NAFLD [83]. In the past few years, transient elastography (Fibroscan R,
Echosens, France) has been increasingly used as a non-invasive tool for
the assessment of liver fibrosis by measuring liver stiffness. Transient
elastography has been shown to be highly reproducible, easy and rapid
with minimal inter- and intra-observer variability [84,85]. It is also
found TNF-alpha and interleukin level increase with liver steatosis
to fibrosis [83]. AST to aminotransferase to platelet ratio index is
significantly higher in the advanced fibrosis group. AST to ALT ratio is
also higher with progression of diseases [86,87].

SUMMARY AND CONCLUSION

NAFLD is one of the most common causes of CLD. The spectrum of
the disease ranges from simple steatosis, followed by NASH i.e. fatty
liver with inflammation, may progress to fibrosis, cirrhosis and its
complications. NAFLD is diagnosed by liver biopsy and non-invasive
biochemical markers. Biopsy still used as the gold standard for
diagnosis of NAFLD, but due to several limitation and its invasive
procedure, specific biomarkers can be used to diagnose liver diseases.
However neither biomarkers nor biopsy alone is sufficient to take a
definitive decision in a given patient.

Limitation of liver biopsy, such as pain occur in 30% patients, excessive
bleeding in 2% population and intra-peritonial hemorrhage in few
patients. Biopsy is still useful, but not as the first line estimate of
the CLD, but are employed preferably when validated non-invasive
methods such as ST and FLI are not applicable. In some countries like
France, this strategy is already extensively used and approved by the
health authorities. Biopsy could be valuable when several liver injuries
are suspected in the same patients and in less frequent CLD.

A non-invasive diagnostic approach is essential for the evaluation of the
severity of liver disease, treatment decisions and assessment of drug
efficacy. These biomarkers are necessary to diagnose the NAFLD and
other liver diseases but none of them reliable alone. Several definitive
biomarkers are leptin, resistin, adiponectin, RBP-4, LN, HA, Hb, CRP,
breath biomarkers, MicroRNAs, caspase cleaved CK-18 M30, AST: ALT
and AST: Platelet ratio is support to diagnose the NAFLD and other liver
related diseases.

None of the technique is appropriate to determine the accurate
and linear correlation with different grade and severity of diseases;
therefore, specific non-invasive biomarkers are required to assess the
diseases accurately. Recently proteomic and glycomic technique is
established to assess the dynamic and conformational change of serum
protein in NAFLD patients. Advanced MRI is also helpful for diagnosis
of liver fibrosis and detection of iron overload in NAFLD patients, which
are higher many times.
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