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In the present volume, Biomarkers in Liver Disease, we have sections on:

. General Aspects and Introductory Material

. Body Fluids, Tissue, and Specific Biomarkers

. Genetic, Histological, Physical, and Imaging Methods
. Specific Diseases and Conditions

. Resources
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The editors recognize the difficulties in assigning particular chapters to particular
sections, as some chapters can fit into more than one section. Nevertheless, the book
has enormously wide coverage. Platforms and techniques include, for example,
immunological, biochemical, histochemical methods, bioelectrical impedance anal-
ysis, and others. Conditions and biomedical areas encompass: adiposity, alcohol
misuse, ascites, cirrhosis, diabetes, end-stage liver disease, extracellular matrix
remodeling, hepatic fibrosis, hepatitis C virus infection, hepatocellular carcinoma,
liver diseases in general, liver transplantation, nonalcoholic fatty liver disease,
nutritional interventions, paracetamol-induced acute liver failure, portal hyperten-
sion, and tumor staging. Analytes and measures include alanine aminotransferase,
alpha-fetoprotein, antioxidant response, AST-to-platelet ratio index, bilirubin, body
fluids, CD133, CD163, cell-free DNA, cortisol, cytokines, EpCAM, extracellular
vesicles, fibrinogen, hydroxyproline, inflammatory biomarkers, microRNAs, mono-
cyte chemotactic protein-1, osteopontin, phosphatidylethanol, polymorphisms,
PTX3, SCCA-IgM, scoring systems, sialic acids, sialidases, sialyltransferases, tra-
ditional markers, tumor staging, type VI collagen, VCAM-1, and YKL-40. There are
also many other analytes and conditions described within this volume.

Finally, the last chapter is devoted to locating resource material for biomarker
discovery and applications.

The chapters are written by national or international experts. This book is
designed for clinical biochemists, hepatologists, gastroenterologists with sub-area
interests, specialists working within the field of organ disease and treatments, health
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scientists, epidemiologists, doctors and nurses, from students to practioners at the
higher level. It is also designed to be suitable for lecturers and teachers in health care
and libraries as a reference guide.

The Editors



In the past decade, there has been major changes in the way diseases are diagnosed
and investigated due to the advent of high-throughput technologies and advances in
chemistry and physics. This has lead to the development of microarrays, lab-on-a-
chip, proteomics, genomics, lipomics, metabolomics, and other new platforms.
These advances have enabled the discovery of new and novel markers of disease
relating to autoimmune disorders, cancers, endocrine diseases, genetic disorders,
sensory damage, intestinal diseases, and many other conditions too numerous to list
here. In many instances, these developments have gone hand in hand with analysis of
biomarkers elucidated via traditional methods, such as histopathology, immunoas-
says, and clinical biochemistry. Together with microprocessor-based data analysis,
advanced statistics, and bioinformatics these markers have been used to identify
individuals with active disease as well as those who are refractory or have
distinguishing pathologies.

Unfortunately, techniques and methods have not been readily transferable to other
disease states, and sometimes diagnosis still relies on a single analyte rather than a
cohort of markers. Furthermore, the discovery of many new markers has not been
put into clinical practice partly because of their cost and partly because some
scientists are unaware of their existence or the evidence is at the preclinical stage.
There is thus a demand for a comprehensive and focused evidenced-based text that
addresses these issues. Hence, the book series Biomarkers in Disease: Methods,
Discoveries and Applications. It imparts holistic information on the scientific basis
of health and biomarkers and covers the latest knowledge, trends, and treatments. It
links conventional approaches with new platforms. The ability to transcend the
intellectual divide is aided by the fact that each chapter has:

* Key Facts (areas of focus explained for the lay person)

» Definitions of Words and Terms

» Potential Applications to Prognosis, Other Diseases, or Conditions
* Summary Points

The material in Potential Applications to Prognosis, Other Diseases, or Condi-
tions pertains to speculative or proposed areas of research, cross-transference to

Vii
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other diseases or stages of the disease, translational issues, and other areas of wide
applicability.

The series is expected to prove useful for clinicians, scientists, epidemiologists,
doctors and nurses, and also academicians and students at an advanced level.

The Editors
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Abstract

Liver diseases are many and can often be difficult to diagnose, because symptoms can
be vague and easily confused with other health problems. However, physicians can be
helped by specific markers used to diagnose and follow up liver diseases. In fact some
of the enzymes and the end products of the metabolic pathway occurring in the liver are
very sensitive for the abnormality occurred and, for this reason, may be considered as
biochemical markers of liver dysfunction. In this chapter, we will examine the main
markers of liver diseases, dividing them as markers of hepatic necrosis, markers of
hepatic obstruction, markers of liver’s biosynthetic capacity, markers of hepatic
steatosis, markers of hepatic fibrosis, and markers of hepatic tumor.

Keywords
Biosynthesis ¢ Fibrosis * Liver diseases * Markers ¢ Necrosis ¢ Steatosis

List of Abbreviations

AST Aspartate aminotransferase
ALT Alanine aminotransferase
LDH Lactate dehydrogenase

v-GT Gamma glutamyl transferase
PT Prothrombin time

INR International normalized ratio

PICP Procollagen type I carboxy-terminal peptide
PIIINP  Procollagen type III amino-terminal peptide
TGF-Bf1  Transforming growth factor-f1

AFP a-Fetoprotein

NTP 5’ Nucleotidase

NAFLD Nonalcoholic fatty liver disease

NASH  Nonalcoholic steatohepatitis
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Key Facts of Liver Diseases

» Liver diseases can be inherited or acquired, caused by a variety of factors
including viral infections; illegal drug use; legal drug overuse, in particular
paracetamol or acetaminophen; and alcohol abuse. Obesity is also associated
with liver damage.

* There are over a hundred different forms of liver disease that affect both sexes at
different ages.

» Liver disease can often be difficult to diagnose, because symptoms can be vague
and easily confused with other health problems. All these conditions have specific
markers used to diagnose and follow up them.

* The knowledge of biomarkers linked to liver disease is very important to
promptly diagnose liver abnormalities and to guide physicians in the right
direction to identify the causes.

Introduction

The liver is a vital organ, involved in several metabolic processes such as metabo-
lism of fats, sugars, proteins, and vitamins and in the regulation of blood clotting.
The liver plays the main role in the body’s defenses, filtering toxins and microbes
from the blood and regulating processes activated in responses to trauma, stress, or
inflammation. The liver is also able to regenerate and repair itself. Given that the
liver is such a complex organ, performing over 500 functions, it is not surprising that
its function can be damaged in several ways. Liver diseases can be inherited or
acquired, caused by a variety of factors including viral infections; illegal drug use;
legal drug overuse, in particular paracetamol or acetaminophen; and alcohol abuse.
Obesity is also associated with liver damage. Over time, damage to the liver results
in cirrhosis, which can lead to liver failure, a life-threatening condition. There are
over a hundred different forms of liver disease that affect both sexes at different ages.
Liver diseases include: Alagille syndrome, alpha-1 antitrypsin deficiency, autoim-
mune hepatitis, biliary atresia, cirrhosis, cystic disease, fatty liver disease, galacto-
semia, gallstones, Gilbert’s syndrome, hemochromatosis, liver cancer, lysosomal
acid lipase deficiency, neonatal hepatitis, primary biliary cirrhosis, primary scleros-
ing cholangitis, porphyria, Reye’s syndrome, sarcoidosis, toxic hepatitis, type 1 gly-
cogen storage disease, tyrosinemia, Wilson’s disease, and viral hepatitis A, B, and C.

Liver disease can often be difficult to diagnose, because symptoms can be vague
and easily confused with other health problems. All these conditions have specific
markers used to diagnose and follow up them. Some of the enzymes and the end
products of the metabolic pathway occurring in the liver are very sensitive for the
abnormality occurred and, for this reason, may be considered as biochemical
markers of liver dysfunction. In particular, we chose to divide markers of liver
disease in different groups, including:
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* Markers of hepatic necrosis: aminotransferases including aspartate aminotrans-
ferase (AST), alanine amino transferase (ALT), and lactate dehydrogenase (LDH)

* Markers of hepatic obstruction: conjugated and unconjugated bilirubin, alka-
line phosphatase, gamma glutamyl transferase (y-GT)

* Markers of liver’s biosynthetic capacity: albumin, ceruloplasmin, o-1
antitrypsin, prothrombin time (PT) and INR, pseudocholinesterase

* MarkKkers of hepatic steatosis: alanine amino transferase (ALT), ferritin, ultra-
sound score of steatosis

» Markers of hepatic fibrosis: procollagen type I carboxy-terminal peptide (PICP)
and procollagen type III amino-terminal peptide (PIIINP), AST/ALT ratio, con-
stituents of extracellular matrix (hyaluronic acid, type IV collagen 7S domain,
TGF-p1, metalloproteinase), FibroScan scoring

« Markers of hepatic tumor: a-fetoprotein (AFP), 5’ nucleotidase (NTP)

In this regard, the aim of this chapter will be to examine traditional markers in
liver disease in order to give readers a guide about diagnosis and follow-up of this
kind of disease.

Markers of Hepatic Necrosis
Aminotransferases

The aminotransferases are the most frequently utilized and specific indicators of
hepatocellular necrosis, because they are released into the bloodstream from dam-
aged hepatocytes. They belong to a group of enzymes that catalyze the interconver-
sion of amino acids and oxoacids by transfer of amino groups. Aminotransferases
include aspartate aminotransferase (AST), also known as serum glutamic
oxaloacetic transaminase (SGOT), and alanine aminotransferase (ALT), also
known as serum glutamic pyruvic transaminase (SGPT). Alanine aminotransferase
is primarily localized into the liver, while AST is present in a wide variety of tissues.
Whereas the AST is present in both the mitochondria and cytosol of hepatocytes,
ALT is localized to the cytosol (Sherlock 1997). The cytosolic and mitochondrial
forms of AST are true isoenzymes and immunologically distinct. About 80% of AST
activity in human liver is contributed by the mitochondrial isoenzyme, whereas most
of the circulating AST activity in normal people is derived from the cytosolic
isoenzyme. Large increases in mitochondrial AST occur in serum after extensive
tissue necrosis. Their activity in serum at any moment reflects the relative rate at
which they enter and leave circulation. Of the numerous methods used for measuring
their levels, the most specific method couples the formation of pyruvate and oxalo-
acetate — the products of the aminotransferase reactions to their enzymatic reduction
to lactate and malate (Nalpas et al. 1986; Rej 1985). The primary clinical application
of serum AST and ALT measurement is the detection and differential etiologic
diagnosis of hepatic disease. Comparable elevations of both AST and ALT are
typical of acute viral, toxic, or non ethanol drug-induced hepatitis. The similar
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serum transaminase levels are due to cellular release of only cytoplasmic enzymes
associated with reversible hepatic cell damage. In chronic hepatitis and cirrhosis,
serum AST levels are higher than ALT, due to hepatic cell necrosis with release of
mitochondrial AST. In alcohol hepatitis, AST is more significantly increased than
ALT, while in hepatic steatosis, ALT is higher than AST. In this regard, ALT has
been used as a surrogate marker for liver fat accumulation, as previously reported
(Nanji et al. 1986). Previously reported biochemical studies suggested the existence
of two isoforms of ALT in humans — a first isoform called ALT1 located on human
chromosome 8q24.3 (Sohocki et al. 1997) and a second isoform, called ALT2,
mapped to the human chromosome 16q12.1, which was mainly expressed in muscle
and adipose tissues (Yang et al. 2002). An elevated ALT is considered a consequence
of hepatocyte damage due to NAFLD. However, the measured plasma elevations of
ALT may also be a consequence of high systemic ALT2 isoform levels that are
largely derived from adipose tissue, as in obesity and insulin resistance in mice
(Jadhao et al. 2004). These are due to insulin resistance, increased pro-inflammatory
cytokine production, oxidative stress, and mitochondrial dysfunction leading to
hepatocyte damage/destruction (Day 2002).

Lactate Dehydrogenase

Lactate dehydrogenase (LDH) is an enzyme that catalyzes the conversion of lactate
to pyruvate, an important step in energy production in cells. Many different types of
cells contain LDH, including heart, kidney, liver, and muscle. Lactate dehydroge-
nase is a cytosolic enzyme which level increases in hepatocellular damage. However,
estimation on total LDH activity is of no use as a part of liver function tests, because
of the influence of extrahepatic diseases on the total LDH activity. LDH, in fact, is
increased in several kinds of cancer, including testicular cancer, Ewing’s sarcoma,
non-Hodgkin’s lymphoma, and some types of leukemia. Moreover, elevated LDH
levels can be found in several noncancerous conditions, including heart failure,
hypothyroidism, anemia, and lung or liver disease. There are five isoforms of
LDH; the LDHs predominates in the liver; however, for the reasons reported
above, this one is not routinely used in favor of more reliable markers of liver
damage (Thapa and Anuj 2007).

Markers of Hepatic Obstruction
Bilirubin

Bilirubin is the catabolic product of hemoglobin produced within the reticuloendo-
thelial system; red cell hemoglobin accounts for approximately 85% of all bilirubin.
Bilirubin is released in unconjugated form (indirect bilirubin) which is bound to
albumin in the plasma and transported to the liver. Bilirubin is conjugated with
glucuronic acid in the hepatocytes; the conjugation is catalyzed by glucuronyl



8 G. Derosa and P. Maffioli

transferase. Conjugated bilirubin (direct bilirubin) is secreted into the bile and enters
the duodenum. In the small bowel, some of the bilirubin is hydrolyzed to yield
unconjugated bilirubin and glucuronic acid, with the production of urobilinogen.
Most urobilinogen is excreted in the stool, but some is reabsorbed and returned to the
liver via the portal vein, enters circulation, and is excreted by the kidney (Nicoll
2007). Normal serum total bilirubin ranges from 2 to 21 pmol/L, unconjugated
bilirubin level is less than 12 pmol/L, and conjugated bilirubin is less than 8 pmol/
L. Serum bilirubin levels higher than 17 pmol/L suggest liver diseases, and levels
higher than 24 pmol/L indicate abnormal laboratory liver tests (Thapa and Anuj
2007; Wong et al. 2004).

Jaundice occurs for bilirubin concentration of 40 umol/L; at this level, biliru-
bin becomes visible within the sclera, skin, and mucous membranes
(Beckingham and Ryder 2001). Unconjugated bilirubin is insoluble and is not
excreted in the urine, but it is liposoluble and can accumulate in the brain and
nerve tissues, causing damages; conjugated bilirubin, instead, is soluble and is
excreted in the urine. Hyperbilirubinemia can be due to overproduction/impaired
uptake, conjugation, or excretion/regurgitation of unconjugated or conjugated
bilirubin from hepatocytes to bile ducts. On this basis, jaundice can be classified
as prehepatic, hepatic, or posthepatic, and the prevalence of unconjugated or
conjugated bilirubin can help to better define jaundice origin (Beckingham and
Ryder 2001).

In particular, in prehepatic jaundice there is an excess of unconjugated hyperbilir-
ubinemia. Prehepatic jaundice occurs in situations where unconjugated bilirubin is
produced faster than the liver is able to conjugate it for excretion, as in increased
hemolysis during spherocytosis, homozygous sickle cell disease, thalassemia major,
and reabsorption of large hematomas.

In hepatic jaundice, usually both unconjugated and conjugated bilirubin rise,
because necrosis of hepatocytes frees the already conjugated bilirubin and makes
them unable to conjugate indirect bilirubin. The most common causes of hepatic
jaundice are viral hepatitis, alcoholic cirrhosis, primary biliary cirrhosis, drug-
induced jaundice, and alcoholic hepatitis. Also genetic defects can be responsible
for hepatic jaundice (Tiribelli and Ostrow 1996). In particular in Gilbert’s syndrome
and Crigler-Najjar syndrome, there is a defect in the gene that encodes for glucuronyl
transferase, which results in a reduction in the liver’s ability to conjugate bilirubin; in
this condition unconjugated bilirubin is high. In Dubin-Johnson syndrome, instead,
there is a defect of ABCC2 gene, involved in the production of a protein called
multidrug resistance protein 2 (MRP2) responsible to transport substances out of the
liver. In this case, conjugated bilirubin is high.

Finally, posthepatic jaundice is characterized by an excess of conjugated
hyperbilirubinemia. It is most often due to biliary obstruction by a stone in the
common bile duct or by carcinoma of the pancreas. Pancreatic pseudocyst, chronic
pancreatitis, sclerosing cholangitis, a bile duct stricture, or parasites in the bile duct
are less common causes (Beckingham and Ryder 2001) (Table 2).
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Alkaline Phosphatase

Alkaline phosphatase (ALP) is present in epithelial mucosa of the small intestine,
proximal convoluted tubules of the kidney, bone, liver, and placenta. It is involved in
lipid transportation in the intestine and calcification in the bones. The serum ALP
activity is mainly from the liver, with 50% contributed by the bone (Mauro
et al. 2006). Normal serum ALP ranges between 41 and 133 U/L (Nicoll 2007). In
acute viral hepatitis, ALP usually remains normal or moderately increased. In the
liver, epithelial cells lining the bile canaliculi produce alkaline phosphatase, and its
serum activity is raised in patients with intrahepatic cholestasis, cholangitis, or
extrahepatic obstruction; increased activity may also occur in patients with focal
hepatic lesions in the absence of jaundice. Hepatic and bony metastasis can also be
responsible for elevated levels of ALP. Other causes of elevated ALP include
infiltrative liver diseases, abscesses, granulomatous liver disease, and amyloidosis.
Finally, mildly elevated levels of ALP may be seen in cirrhosis, hepatitis, and
congestive cardiac failure (Rosalki and Mcintyre 1999). Alkaline phosphatase is
elevated in peripheral arterial disease, independent of other traditional cardiovascu-
lar risk factors (Cheung et al. 2009). On the other hand, low levels of ALP occur in
hypothyroidism, pernicious anemia, =zinc deficiency, and congenital
hypophosphatasia (Simko 1991). In the presence of elevated ALP levels, clinicians
need to differentiate among liver and bone disorders; in this case, levels of gamma
glutamyl transferase (y-GT) can be helpful, because they will be high in cholestatic
disorders and normal in bone diseases (Mauro et al. 2006).

Gamma Glutamyl Transferase

Gamma glutamyl transferase is a microsomal enzyme present in hepatocytes and
biliary epithelial cells, renal tubules, pancreas, and intestine. Serum y-GT activity
is mainly linked to hepatobiliary system, even though it is found in more concen-
tration in the renal tissue (Mauro et al. 2006). The normal level of y-GT is between
9 and 85 U/L (Nicoll 2007). Elevated levels of y-GT can be found during acute
viral hepatitis, the peak occurs in the second or third week of illness, and in some
patients remain elevated for 6 weeks (Rosalki and Mcintyre 1999). Also in 30% of
patients with chronic hepatitis C infection, y-GT are elevated (Giannini
et al. 2001). Also uncomplicated diabetes mellitus, acute pancreatitis, myocardial
infarction, anorexia, Guillain-Barré syndrome, hyperthyroidism, obesity, and myo-
tonic dystrophy can be responsible for elevated levels of y-GT (Rosalki and
Mcintyre 1999). In alcohol abuse, serum y-GT levels can increase to more than
ten times. This is partly due to structural liver damage, hepatic microsomal enzyme
induction, or alcoholic pancreatic damage (Wu et al. 1976). Gamma glutamyl
transferase can also be an early marker of oxidative stress, since serum antioxidant
carotenoids including lycopene, a-carotene, pf-carotene, and p-cryptoxanthin are
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inversely associated with alcohol-induced increase of serum y-GT as reported in
moderate and heavy drinkers (Sugiura et al. 2005). Another condition responsible
for y-GT levels two to three times higher than the upper reference value in more
than 50% of the patients is nonalcoholic fatty liver disease (McCullough 2002).
Previously published papers showed a significant positive correlation between
serum y-GT and triglyceride levels in diabetic patients. As reported above, the
main use of y-GT is to help discriminate hepatic diseases from bone diseases when
ALP is elevated.

Markers of Liver’s Biosynthetic Capacity
Albumin

The liver is responsible for the production of several serum proteins. In particular,
parenchymal cells are responsible for synthesis of albumin, fibrinogen, and other
coagulation factors and most of the alpha and beta globulins. Albumin is quantita-
tively the most important plasma protein synthesized by the liver and, for this reason,
can be a useful indicator of hepatic function. Albumin half-life in serum is as long as
20 days, and it takes at least 10 days for the concentration to fall below the normal
range despite impaired liver function; for this reason, serum albumin level is not a
reliable indicator of hepatic protein synthesis in acute liver disease. Even if the liver
is the only site of synthesis of albumin, albumin synthesis can be affected also by
nutritional status, hormonal balance, and osmotic pressure. Serum albumin levels are
typically depressed in patients with cirrhosis and ascites. In patients with or without
ascites, the serum albumin level correlates with prognosis, and are included in the
Child-Pugh score, a scoring system used to quantify the severity of chronic liver
disease inclusive of cirrhosis. The score is composed of five categories, including
total bilirubin, serum albumin, INR, the presence of ascites, and the presence of
hepatic encephalopathy. The higher the score, the worse the severity of cirrhosis
(Table 1).

Normally serum albumin levels range between 3.5 and 4.5 g/dL. The average
adult has approximately 300-500 g of albumin. The serum levels at any time
reflect its rate of synthesis, degradation, and volume of distribution (Nicoll
2007).

Ceruloplasmin

Ceruloplasmin is synthesized in the liver and is an acute phase protein. It binds
with copper and serves as a major carrier for copper in the blood. Normal plasma
level of ceruloplasmin is 200—-600 mg/L (Nicoll 2007). High levels of ceruloplas-
min have been found in infections, rheumatoid arthritis, pregnancy, non-Wilson
liver disease, and obstructive jaundice. Low levels, instead, have been reported in
neonates, Menkes disease, kwashiorkor, marasmus, protein losing enteropathy,
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Table 1 Child-Pugh
score

Serum albumin

INR

Parameter
Total bilirubin

Ascites

Hepatic encephalopathy

Child-Pugh total score

Table 2 Differential diagnosis of jaundice

Urine
Urobilinogen
Normality Trace
Prehepatic Increased
jaundice
Posthepatic | Decreased or
jaundice absent

Intrahepatic | Decreased or
jaundice absent

Bilirubin
Absent
Absent

Present

Present

Blood

Urobilinogen
Normal
Increased

Normal

Increased

Value
<34 pmol/L

34-50 pmol/L

>50 pmol/L
>3.5 g/dL
2.8-3.5 g/dL
<2.8 g/dL
<1.7

1.7-2.3

>2.3

None

Mild
Moderate
None
Grades [-11
Grades II-1V
Class A
Class B
Class C

Bilirubin
Normal
Normal

Increased

Increased

ALT and
AST

Normal
Normal

Normal
or mild
increase

Marked

1

Score

1 point

2 points

3 points

1 point

2 points

3 points

1 point

2 points

3 points

1 point

2 points

3 points

1 point

2 points

3 points
5-6 points
7-9 points
10-15 points

y—GT
and ALP
Normal
Normal

Marked
increase

Normal

increased | or mild

increase

copper deficiency, and aceruloplasminemia (Mauro et al. 2006). In Wilson’s
disease, a rare inherited disorder that causes too much copper to accumulate in
your liver, brain, and other vital organs, ceruloplasmin level is depressed.
Decreased rate of synthesis of the ceruloplasmin is responsible for copper accu-
mulation in the liver, because of copper transport defect in Golgi apparatus, since
ATP7B is affected (Rosalki and Mcintyre 1999). Serum ceruloplasmin levels were
high in the chronic active liver disease (CALD), but low in the Wilson’s disease;
for this reason, ceruloplasmin levels are the most reliable screening test to differ-
entiate between chronic active liver disease and Wilson’s disease (LaRusso

et al. 1976).
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a-1 Antitrypsin

Alpha-1 antitrypsin (a-1 antitrypsin) is a glycoprotein synthesized by the liver
and is an inhibitor of serine proteinases, especially elastase. After being synthe-
sized in the liver, a-1 antitrypsin is normally released in the bloodstream and
reaches the lungs. If there are some mutations in the coding sequence of a-1
antitrypsin, its export from the hepatocyte is blocked and it gets stuck in the liver
cells. Alpha-1 antitrypsin has many important roles in the lung, including remov-
ing bacteria and fighting infections; it is needed to control enzyme activity to
prevent healthy lung tissue from being damaged. So a deficiency in the concen-
tration of circulating a-1 antitrypsin predisposes to early onset panlobular
emphysema, even in nonsmokers. Moreover, the abnormal accumulation of
the glycoprotein in hepatocytes results in programmed cell death, hepatic inflam-
mation, fibrosis, and cirrhosis (Fairbanks, and Tavill 2008). Its normal concen-
tration is 1-1.6 g/L.

Prothrombin Time and INR

Clotting is the final step of a complex series of enzymatic reactions that involve at
least 13 factors. The liver is the major site of synthesis of several coagulation
factors: I (fibrinogen), II (prothrombin), IV, V, VI, VII, IX, X, and XI. Most of
these are present in excess, and abnormalities of coagulation happen when there is
substantial impairment in the ability of the liver to synthesize them. This occurs in
both biliary obstruction and parenchymal liver disease, because of a combination
of poor absorption of fat soluble vitamin K, due to the absence of bile in the gut,
and a reduced ability of damaged hepatocytes to produce clotting factors. Abnor-
mal clotting can be measured using prothrombin time of Quick (PT), which
evaluates the extrinsic coagulation pathway. It can be expressed in seconds or as
a ratio of the plasma prothrombin time to control plasma time (prolonged interna-
tional normalized ratio or INR), which is also used, as already reported above, to
calculate Child-Pugh score (Table 1). Normal value of PT is between 9 and 11 s, a
prolongation of more than 2 s is considered abnormal. In acute and chronic
hepatocellular disease, the PT may serve as a prognostic indicator (Friedman
et al. 2003). However, a prolonged PT is not specific for liver diseases; it can be
found in various deficiencies of coagulation factors, disseminated intravascular
coagulation, and ingestion of certain drugs.

Pseudocholinesterase

Pseudocholinesterase is primarily synthesized in the liver. When liver function is
impaired, pseudocholinesterase synthesis is also impaired. Serum cholinesterase
activity can determine if there is a quantitative defect in enzyme function. Pseudo-
cholinesterase deficiency impairs the metabolism of succinylcholine, mivacurium, or
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ester local anesthetics. Normal range is between 3,200 and 6,600 IU/L. This number
varies by different laboratory standards and is subject to much interindividual
variability. Decreased serum activities have been shown in many liver diseases,
such as cirrhosis, end-stage liver disease, hepatitis, and liver abscesses. In patients
with end-stage liver disease, normal serum pseudocholinesterase levels were again
seen after liver transplant, with the transplanted liver assuming the role of production
immediately. Additionally, serum cholinesterase activity may drop 30-50% in acute
hepatitis, with a 50% decrease in cirrhosis and chronic malignancies being perhaps
among some of the most substantial decreases of the acquired conditions. However,
as the half-life of serum cholinesterase is approximately 10—14 days, it is considered
an unreliable source for tracking liver disease (Soliday et al. 2010).

Markers of Hepatic Steatosis

Liver steatosis or nonalcoholic fatty liver disease (NAFLD) is characterized by a
wide spectrum of conditions. NAFLD covers a histological spectrum ranging from
simple steatosis to nonalcoholic steatohepatitis (NASH), advanced fibrosis, and
cirrhosis. Simple steatosis without fibrosis or inflammation has a benign clinical
course in most cases without excess mortality. NASH, instead, may have a more
progressive course that can lead to cirrhosis in 10—15% of patients, affecting survival
(Ekstedt et al. 2006). It develops in subjects who are not heavy alcohol consumers
and have negative tests for viral and autoimmune liver diseases (Angulo 2002;
Matteoni et al. 1999; Brunt 2001). Recently, NAFLD has been linked to insulin
resistance and type 2 diabetes mellitus, and metabolic syndrome (Cortez-Pinto
et al. 1999; Marchesini et al. 2001).

Alanine Aminotransferase

We have already described ALT role as a marker of hepatic steatosis in the paragraph
about index of hepatic necrosis.

Ferritin

Increased ferritin, but normal transferrin saturation, is frequently found in patients
with hepatic steatosis. The simultaneous disorder of iron and glucose and/or
lipid metabolism, in most of the cases associated with insulin resistance, is respon-
sible for persistent hyperferritinemia and identifies patients at risk for NASH
(Fargion et al. 2001). Indeed, serum ferritin level was significantly higher in the
NASH patients than those with simple steatosis, according to a Japanese study
(Yoneda et al. 2010). In that study, the serum ferritin level was related with insulin
resistance.
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Ultrasound Score of Steatosis

Percutaneous liver biopsy is the current standard means of diagnosing and grading
steatosis, but it is an invasive procedure with potentially serious complications
including hemorrhage, infection, bile leak, and a mortality of up to 0.3% (Bravo
et al. 2001). For this reason, noninvasive methods such as computed tomography
(CT), magnetic resonance imaging (MRI), and sonography are more commonly
applied in clinical practice and in population-based studies (Joy et al. 2003; Saadeh
et al. 2002; Siegelman and Rosen 2001). The most diffuse method is ultrasonogra-
phy, because it is cost-effective and widely available, even if it is limited by
interobserver and intra-observer variability (Strauss et al. 2007).

For an approximative estimation of hepatic steatosis, hepatic parenchyma can be
compared to kidney parenchyma during ultrasound examination (Fig 2): in normal
conditions, the liver and renal cortex are of a similar echogenicity; in steatosis,
instead, renal cortex appears hypoechoic compared to the liver parenchyma. The
brighter the hepatic parenchyma compared to the kidney parenchyma, the higher the
steatosis degree. A better grading of severity of hepatic steatosis is possible with an
ultrasound score, according to this score:

» Level 0 was defined as a normal hepatic echo pattern.

* Level 1 was defined as a slight increase in echo pattern with normal visualization
of vessels and diaphragm.

* Level 2 was defined as a moderate increase in echogenicity with reduced visibility
of portal veins and diaphragm.

» Level 3 was defined as a pronounced increase in hepatic echo pattern with poor
visibility of intrahepatic vessels and posterior right lobe of the liver.

This score derives from the evaluation of different aspects of the liver during
ultrasound examination that considers liver echotexture, echo penetration and
visibility of diaphragm, and clarity of liver blood vessel structures (Chan
et al. 2004).

Markers of Hepatic Fibrosis

Procollagen Type | Carboxy-Terminal Peptide (PICP) and Procollagen
Type lll Amino-Terminal Peptide (PIIINP)

In the healthy human liver, the most abundant collagens are the fibril-forming types I
and III. Collagen types I and III are synthesized as procollagens with a small amino-
terminal and a larger carboxy-terminal propeptide. Once secreted into the extracel-
lular space, the propeptides are removed by specific endopeptidases, thus allowing
integration of the rigid collagen triple helix into the growing fibril. After this process
type I carboxy-terminal peptide (PICP) is cleaved off procollagen type I during
synthesis of the fibril-forming collagen type I, while the three-amino acid
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procollagen type III amino-terminal peptide (PIIINP) is cleaved off procollagen type
III forming collagen type III (Nimni 1993). Both are released in serum, and for this
reason their serum concentrations have been proposed as a useful marker of collagen
type I and III synthesis (Veidal et al. 2010). This is supported by a diversity of
clinical observations demonstrating that high serum levels of these peptides reflect
ongoing tissue fibrosis. During fibrogenesis, type I collagen levels increase up to
eightfold. Additionally, the ratio of the type I/III also changes from 1:1 in the healthy
liver to 1:2 in the cirrhotic liver (Sakugawa et al. 2005).

PICP levels are normal in patients with mild chronic hepatitis C and elevated in
50% of patients with moderately advanced or advanced chronic hepatitis C, includ-
ing patients with liver cirrhosis of this etiology. PIIINP relative concentration in the
basement membrane is higher in hepatic fibrogenesis (Lieber et al. 2008). In acute
hepatitis, levels of serum PIIINP correlate with aminotransferase levels. In chronic
liver disease, serum PIIINP reflects the stage of liver fibrosis (Giboney 2005).
Unfortunately, PIIINP is not specific for the fibrosis of the liver as it is also elevated
in acromegaly, lung fibrosis, chronic pancreatitis, and rheumatologic disease
(Sakugawa et al. 2005).

AST/ALT Ratio

The predictive value of the AST/ALT ratio has been validated in nonalcoholic liver
disease, chronic viral hepatitis, primary sclerosing cholangitis, and primary biliary
cirrhosis (Lieber et al. 2008). In many forms of acute and chronic liver injury or
steatosis (fatty infiltration of the liver), this ratio is less than or equal to 1, while in
alcoholic hepatitis, an AST/ALT ratio is often greater than 2.

Constituents of Extracellular Matrix

The constituents of extracellular matrix are expected to be released into circulation
during turnover of fibrosis in the liver. For this reason, they are reliable markers to
differentiate NASH from simple steatosis, especially those with significant liver
fibrosis. Marked elevation of serum hyaluronic acid and type IV collagen 7S domain,
both extracellular matrix components, occurred in NASH patients with advanced
fibrosis compared to those with mild fibrosis. Serum hyaluronic acid levels were also
markedly elevated in patients with NASH than with steatosis only. Hyaluronic acid
is a high molecular weight glycosaminoglycan, which is an essential component of
extracellular matrix in virtually every tissue in the body. In the liver, it is synthesized
by the hepatic stellate cells and degraded by the sinusoidal endothelial cells
(Lindgvist, and Laurent 1992). The best cutoff value using ROC analysis was
>43 ng/mL to detect NASH, and >50 ng/mL to detect severe fibrosis (Yoneda
et al. 2007). Regarding type IV collagen 7S domain, it is involved in connective tissue
metabolism, and has been identified as a biochemical marker for assessing fibro-
genesis and the severity of fibrosis in patients with cirrhosis (Yoneda et al. 2007).
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The best cutoff value using ROC analysis was >5 ng/mL to detect NASH and
>5 ng/mL to detect severe fibrosis for type IV collagen 7S domain. The positive
predictive value (PPV) for detecting NASH can be as high as 97.1% when both
markers are greater than the cutoffs.

Another marker of hepatic fibrosis is transforming growth factor-p1 (TGF-p1), a
cytokine involved in tissue growth, differentiation, extracellular matrix production,
and immune response. This cytokine has three isoforms (f1, f2, and 3), but only
TGF-B1 has been linked to liver fibrogenesis. A correlation between TGF-f1 levels
and the rate of fibrosis progression has been reported (Kanzler et al. 2001).

Other constituents of extracellular matrix are metalloproteinases (MMPs); they
belong to a family of structurally related proteolytic enzymes that mediate the
degradation of the extracellular matrix and the basal membranes (Sun 2010). The
three most commonly studied human metalloproteinases are MMP-2 (gelatinase-A),
MMP-3 (stromelysin), and MMP-9 (gelatinase-B). MMP-2 is secreted by activated
hematopoietic stem cells; elevated levels of MMP-2 and its proenzyme have been
observed in various liver diseases (Takahara et al. 1997). During hepatic
fibrogenesis, the expression of MMP-2 is markedly increased. The potential for
MMP-2 for predicting liver fibrosis remains unclear as some contradictory data have
been reported by previous studies (Walsh et al. 1999; Hayasaka et al. 1996). In
contrast to MMP-2, MMP-9 levels show their value mainly in the diagnosis of
hepatocellular carcinoma (Badra et al. 2010): MMP-9 levels were negatively corre-
lated to the histological severity of the liver disease in patients with chronic
hepatitis C. Metalloproteinases activity is strictly controlled by tissue inhibitors of
matrix metalloproteinases (TIMPs); TIMPs are secreted proteins that interact with
MMPs and modulate their activation and functioning. TIMP-1 controls activity of
most MMPs, whereas TIMP-2 specifically inhibits MMP-2. TIMPs-dependent inhi-
bition of extracellular matrix degradation may promote liver fibrosis; elevation of
TIMPs’ levels has been observed in chronic liver disease.

FibroScan Scoring Card

Hepatic fibrosis can be quantified throughout assessment of stiffness, using an
ultrasound-based technology introduced in the latest years. This technique called
transient ultrasound elastography or FibroScan measures the stiffness of the
hepatic parenchyma using both ultrasound (5 MHz) and low-frequency (50 Hz)
elastic waves produced by a specialized ultrasound vibrator applied to the body
wall and coupled with 1D ultrasound imaging that measures the propagation speed
of'a wave using a pulse-echo ultrasound. Since fibrotic tissue is harder than healthy
liver tissue, the shear wave measurement provides immediate quantitative assess-
ment of the degree of stiffness. FibroScan was reported to be a reliable method for
the diagnosis of significant fibrosis (AUC = 0.84), severe fibrosis (AUC = 0.89),
and cirrhosis (AUC = 0.94) accompanying various liver diseases including hep-
atitis B and C, alcoholic liver disease, and nonalcoholic fatty liver disease
(NAFLD) (Ziol et al. 2005; Friedrich-Rust et al. 2008). However, previously



1 Traditional Markers in Liver Disease 17

75 9.5 12.5

2o T T

No or mild Moderate Severe Cirrhosis
fibrosis fibrosis fibrosis

Fig. 1 FibroScan score and fibrosis degree

Fig. 2 Ultrasound image of
hepatic steatosis

reported papers showed that FibroScan accuracy in assessing lower degrees of
liver fibrosis is not as reliable compared to diagnosing advanced fibrosis and
cirrhosis (Ziol et al. 2005).

Stiffness assessed by FibroScan is expressed in kPa, using a score between 2.5
and 75 kPa. Between 90 and 95% of healthy people without liver disease will have a
liver scarring measurement less than 7.0 kPa; patients with chronic hepatitis C and a
liver stiffness more than 14 kPa has approximately a 90% probability of having
cirrhosis, while patients with liver stiffness more than 7 kPa have around an 85%
probability of at least significant fibrosis (Fig. 1).

Markers of Hepatic Tumor
«a-Fetoprotein
The a-fetoprotein (AFP) gene is highly activated in the fetal liver, but is significantly

repressed shortly after birth. The normal level of AFP is 0-15 pg/L (Nicoll 2007).
The finding of elevated AFP levels in response to liver injury and during the early
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stages of chemical hepatocarcinogenesis led to the conclusion that maturation arrest
of liver-determined tissue stem cells gives rise to hepatocellular carcinomas. An AFP
value above 400—500 pg/L has been considered to be diagnostic for hepatocellular
carcinoma (HCC) in patients with cirrhosis. A higher AFP concentration, >400 pg/L
in HCC patients, is associated with greater tumor size, bilobar involvement, portal
vein invasion, and a lower median survival rate (Gowda et al. 2009). It has also been
reported that higher serum AFP levels independently predict a lower sustained
virological response rate among patients with chronic hepatitis C. There are three
different AFP variants, differing in their sugar chains (AFP-L1, AFP-L2, AFP-L3).
AFP-L1 is the main glycoform of AFP in the serum of patients with nonmalignant
chronic liver disease, while AFP-L3 is the main glycoform of AFP in the serum of
HCC patients. a-Fetoprotein-L3 can be detected in one-third of patients with small
HCC (<3 cm); it acts as a marker for clearance of HCC after treatment: an AFP-L3
level of 15% or more is correlated with HCC portal vein invasion (Hagiwara
et al. 2006). Estimating the AFP-L3/AFP ratio can be helpful in diagnosis and
prognosis of HCC (Asmaa et al. 2009).

5’ Nucleotidase

5" Nucleotidase is a glycoprotein generally disseminated throughout the tissues of
the body; it is localized in cytoplasmic membrane, and it catalyzes the release of
inorganic phosphate from nucleoside-5'-phosphates. The normal range established is
0-15 U/L (Nicoll 2007). Raised levels of NTP activity were found in patients with
obstructive jaundice, parenchymal liver disease, hepatic metastases, and bone dis-
ease (Daniel and Marshal 2007). Elevation of NTP can be found in acute infective
hepatitis and in chronic hepatitis (Pratibha et al. 2004). However, NTP is almost a
marker of early hepatic primary or secondary tumors. The increase of both ALP and
NTP suggests intra- or extrahepatic obstruction due to malignancy (Smith
et al. 1966).

Potential Applications to Prognosis, Other Diseases, or
Conditions

Liver diseases have specific markers that can be used to diagnose and follow up
them. Some of the enzymes and the end products of the metabolic pathway
occurring in the liver are very sensitive for the abnormality occurred and, for this
reason, may be considered as biochemical markers of liver dysfunction. The
knowledge of biomarkers linked to liver disease is very important to promptly
diagnose liver abnormalities and to guide physicians in the right direction to
identify the causes. This can help to reduce the costs linked to liver diseases,
their diagnosis and treatment.
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Summary Points

» This chapter focuses on biomarkers relevant to liver diseases.

» Biomarkers include measurable indicators of some biological state and are useful
to diagnose or follow up a specific condition or risk factor.

» Biomarkers relevant to liver diseases include markers of hepatic necrosis, hepatic
obstruction, liver’s biosynthetic capacity, hepatic steatosis, hepatic fibrosis, and
hepatic tumor.

* The knowledge of biomarkers linked to liver disease is very important to
promptly diagnose liver abnormalities and to guide physicians in the right
direction to identify the causes.

Mini Dictionary

Biomarker: the term refers to a measurable indicator of some biological state or
condition that can be used for diagnosis or follow-up of a particular disease.
Hepatic necrosis: the term refers to death of hepatic parenchyma which may involve
single cell, or multicell in piecemeal, focal, periacinar, midzonal, periportal, or
paracentral locations.

Biosynthetic capacity: the term refers to the production of a complex chemical
compound from simpler precursors in a living organism.

Hepatic steatosis: the term refers to excessive amounts of triglycerides and other fats
inside liver cells.

Hepatic fibrosis: the term refers to a reaction to chronic injury to the liver; it includes
biliary fibrosis, postnecrotic scarring, diffuse hepatic fibrosis, and periacinar
fibrosis.
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