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Summary

Chronic hepatitis B (CHB) is a common disease that leads to
hepatocellular carcinoma (HCC) and liver cirrhosis. Main aim of this
study is to determine serum levels of Galectin-9 (Gal-9) and
Interleukin-33 (IL-33) and explore the possible association that might

present between them in CHB patients in AL-Fallujah City.
Eighty subjects were included in this study, they were divided
into two groups; controls group which involved 40 persons (20 males
and 20 females), and patients group involved 40 patients (20 males
and 20 females), the sample collection has been attended the Fallujah
teaching hospital and some private laboratories in Al-Fallujah city, for
the sampling period was from September 2020 to January 2021 and
the ages of all subjects was ranged from 20-55 year. Serum levels of
Gal-9 and IL-33 were estimated by enzyme linked immunosorbent
assay (ELISA) technique. However, color enzymatic methods were
used to determine liver enzymes for specific variants of viral hepatitis.
The results showed high serum levels of Gal-9 (pg/mL) with
significant differences in CHB patients (P < 0.0001) than in control
group. The serum levels of IL-33 (ng/mL) was significantly higher in
CHB patients (P < 0.0001) in comparison with control, also the serum
levels of ALT, AST, ALP, bilirubin and albumin were significantly
higher in CHB patients than controls (P < 0.001), while the serum
levels of globulin decreased slightly in the patients group in
comparison to the controls group (P < 0.001). The study also revealed
that, there were no significant differences in serum levels of TSP in

both groups (P = 0.77).

The current study showed that the correlation for Gal-9 with IL-33
Is very strongly positive (r = 0.919), strong positive correlations were

noticed of Gal-9 with T.BIL (r = 0.731), ALT (r = 0.725) and also
|



positive correlations with AST (r = 0.683), D.BIL (r = 0.656), IN.BIL
(r = 0.650), Albumin (r = 0.581), ALP (r = 0.468), BMI (r = 0.323).
However, negative correlation was notice with Globulin (r = -0.563)
with p-value less than 0.05 for all these parameters. In addition to no
correlation was observed between Gal-9 with DBP, W/N, ROP, W/T,
SBP, age, W/H and TSP .
The correlation between 1L-33 with variables being studied was as
following: very strong positive correlations were noticed with Gal-9
(r = 0.919) and strong positive correlations were noticed of IL-33
with T.BIL (r = 0.743), ALT (r = 0.729). Also positive correlations
with D.BIL (r = 0.680), IN.BIL (r = 0.647), AST (r = 0.644),
Albumin (r = 0.530), ALP (r = 0.426), BMI (r = 0.254) while
negative correlation with Globulin (r = -0.513) with p-value less than
0.05 for all these parameters. However no correlation was noticed
between 1L-33 with DBP, W/N, ROP, age, W/T, TSP, SBP and W/H.
The results of receiver operating characteristic (ROC) curve
showed the following descending arrangement which illustrates the
differential ability between patients and healthy controls for the
variables studied, Gal-9, IL33, ALT and AST (1), T.BIL (0.9588),
Albumin (0.922), D.BIL (0.9197), IN.BIL (0.9084), Globulins
(0.8559), BMI (0.7894), ALP (0.7678), W/T (0.7079), W/H (0.6294),
DBP (0.7285), W/N (0.5668), TSP (0.5644), ROP (0.5614), SBP
(0.5232), Age (0.5138).
It was concluded that low serum levels of Gal-9 and IL-33 are
pathological factors and may be used as an indicators for diagnosis

and prediction of CHB occurrence.
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1. Introduction and Literature review
1.1 The Hepatitis B Virus

Hepatitis B is a potentially life-threatening infection of the liver
caused by the hepatitis B virus (HBV). )’ HBV is a member of the
hepadnaviridae family, a family of small enveloped viruses, that
mainly cause hepatotropic infections. @ Hepatitis viruses pose
significant risks to human health, there are a number of different
hepatitis viruses (not all of them identified), but the primary viruses
are the hepatitis A virus (HAV), HBV, hepatitis C virus (HCV),
hepatitis D virus (HDV), and hepatitis E virus (HEV). ©

However, HAV and HEV spread through the oro-faecal route,

HBV and HCV viruses are transmitted through exposure to blood,
sexual intercourse and from the infected pregnant mother to the
unborn child, although they are transmitted by blood, HDV can only
cause infection in people of active HBV or in carriers. ¥ HBV is a
significant common health problem threats all over the world as nearly
300 million people have chronic hepatitis B virus (CHB) infections. ©

A Study conducted in 2013 showed that between 1990 and 2013,
It was a 63% increase in the global viral hepatitis deaths, passing from
the tenth (in 1990) to seventh (in 2013) leading cause of death
worldwide. ©

The world health organization (WHO) issued a resolution in 2016
for the control of viral hepatitis after a diagnosis as a worldwide health
problem, in order to significantly reduce the incidence of CHB
infection by 90 % and the death by 65% of people infected with CHB
by the year 2030. "

Effective necessitates that are a multifaceted approach, as well as
provider education, particularly at the level of primary care

practitioners, and required to obtain comprehensive medical
1



evaluations, that is an adequate financial support dependent are all
critical to meeting the WHO goal of eradicating viral hepatitis by
year 2030. ®

Cytokines are important modulators of inflammation, that play a
role in both acute and chronic inflammation through a complex and
sometimes contradictory network of interactions, cytokines can be
classified based on the nature of the immune response, into: pro and
ante-inflammatory , interleukin-1(IL-1) and tumor necrosis factor
(TNF) are two important pro-inflammatory cytokines. © Cytokines,
which are immune system secretory proteins, are responsible for
Initiating signaling cascades by binding to their cognate receptors and
are important in virus pathogenesis and interfering with the fate of
HBYV infection. ‘%

Interleukins (ILs) have an impact on the determination of HBV
continuing contagion and the extent of liver injury, the causes of
persistent HBV infection are unknown, however, they may be linked
to host immune elements, ILs are known to play important roles in
host immune responses. *? Therefor, many studies have been
conducted on viral hepatitis B disease and linked to other factor in
order to find quick ways to diagnose or treat it.

In 2017, Abdolhossein Zare and others conducted such a research
to study to effect of IL-27 gene expression and HBV infection. %

In 2018 Na-Na Tao and others studied the role of IL-35 in
stimulating HBV transcription and replication. *?

In 2019 Osama B. Al-Saffara and others have studied the
association of IL-1 single nucleotide polymorphisms in viral hepatitis
of Iragi patients. ©

In 2020, Caixia Xia and others have studied IL-6 influence on the
development of hepatitis B virus-related liver cirrhosis in

2



the Han Chinese population.

1.1.1 Hepatitis B Virus Infection A Global Health Problem
Hepatitis B Virus is prevalent globally, and the prevalence of
HBV infections is greatly different among different regions. @
Hepatocellular carcinoma (HCC), end-stage liver disease, liver
transplant, and death are all complications of CHB infection, there is a
risk of these health problems, that vary according to mode of
transmission and disease period. ®® The serological marker of
CHB infectivity, Hepatitis B surface antigen (HBsSAQ), are used to

determine the endemicity of HBV in a given geographical area. "
HBV endemicity can be classified into a high (where more than
8% of the population is HBsSAg positive), intermediate (2—7%) and
low (2%)."® According to the WHO, around 257 million people

worldwide were affected by this infection in 2015.

1.1.2 Hepatitis B Viral Epidemiology in Iraq

Hepatitis is one of the most common chronic infectious diseases
in the world, particularly in developing countries, it also is one of the
serious health problems in Iraq and neighboring countries. %

The endemicity of HBV in Iraq was considered to be at low /
intermediate level. “ Infection rates may rise in the absence of an
effective prevention program, early detection of HBV infection is
critical for avoiding the negative consequences of the infection and
preventing the virus from spreading. ?

Irag was considered to be of intermediate endemicity to HBV, as
reflected by 3% seroprevalence of HBsAg in the normal
population(2005-2006). ? In 2020, 3-4.5% of people in Iraq will
be infected with HBV, including 2-3% of seemingly healthy blood

donors. ?¥



1.2 Clinical Aspects with Hepatitis B virus Infection
Hepatitis B virus Infection with clinical aspects ranges from

subclinical hepatitis to symptomatic and jaundice hepatitis depending
on the patient's age at infection, the immune status of the host, and
stage of disease recognition. >

To understand the clinical aspects of HBV infection, the causal
relationship between HBV infection and liver disease must be
understood, CHB patients do not all have persistently elevated
aminotransferases, However, patients in the immune-tolerant phase
have persistently normal alanine aminotransferase ( ALT ) levels, and
a subset of hepatitis B antigen (HBeAg) negative, CHB patients may
have intermittently normal ALT levels, therefore, the long-term
longitudinal follow-up must be given great importance. ®°

Figure (1-1) depicts the progression of HBV infection, it can result
In acute, self-clearing, or CHB infection, the development of a CHB
infection correlates positively with younger age, a chronic infection
typically has a long course in which the virus replicates at high levels,
followed by immune-mediated viral replication control associated

with liver inflammation. ¢”

~ Int N
Immune Tolerant Immune Clearance IsCtive H Ealty Reactivation
- High HBV DNA - High HBV DNA Carrier - HBV DNA levels rebound
- High serum HBeAg & HBsAg (decreases to low levels) I Low / undetectable HBV DNA - HBeAg (-) / anti-HBeAg (+)
- Normal ALT - Liver disease / inflammation -HBeAg () / anti-HBeAg (+) - Elevated ALT
- Little to no inflammation - HBeAg (+) - Anti-HBsAg (+)
- Normal ALT

Figure (1-1) Depicts the advance of the infection with HBV. ¢
4



1.2.1 Acute Infections

The incubation period ranges from one to four months. ® Acute
HBYV infection can be asymptomatic or cause symptoms of acute
hepatitis, most adults who become infected with the virus have been
recovered, however, 5% to 10% are unable to clear the virus and
become chronically infected. ¢

Acute hepatitis was defined as acute illness with a simple of
clinical symptoms for example (fever, headache, malaise, nausea,
vomiting, loss of appetite, dark urine, and abdominal pain), it also can
occur with jaundice or serum ALT at least twice as high as the upper
limit of normalty without a history of chronic liver disease. ¢

The levels of ALT and aspartate aminotransferase (AST) may
increase during the acute phase, ALT is usually higher than AST,
bilirubin levels may be normal in a significant proportion of patients,
persistent elevation of the ALT serum for over 6 months indicates
progression to chronic hepatitis. " Acute HBV infection is a leading
cause of acute liver failure (ALF) in many countries around the
world. 2

Also it is referred to as fulminant hepatic failure (FH), HBV is
the cause of 2-32 % of FH cases worldwide. FH was initially defined
as acute hepatitis complicated by ALF, with hepatic encephalopathy
occurring less than 8 weeks after the onset of jaundice in a patient
with no history of liver disease.
1.2.2 Chronic Infections

Hepatitis B virus infection is one of the most common and
serious infectious diseases in the world, CHB has high morbidity
characteristics and they are difficult to cure. ®” CHB usually occurs in

people who have been infected at an early age, the percentage of



carriers decreases, while the frequency of chronic diseases
increases.®

Chronic infections develop in 80-90% of infants who are
infected during their first year of life and 30-50% of children who are
infected before 6 years of age, adults who are infected may develop
chronic infections in less than 5% of otherwise healthy people,
cirrhosis and/or liver cancer may develop in 20-30% of adults with
chronic infection. . Approximately 257 million chronic carriers and
approximately 900,000 deaths annually from cirrhosis and HCC .¢?

The natural history and pathology of CHB infection involve a
dynamic interaction between two virus infections and host immune
cells which can thus be very variable, a significant proportion develop
cirrhosis and HCC, while others have carcinoma with long term
disease activity that does not necessitate antiviral treatment. ©” The
phases of CHB infection are not necessarily sequential. ©® It can be
categorized into five clinical phases. %

The first phase is immune tolerance. ®” The second phase of
immune clearance HBeAg-positive, third phase is inactive HBV
carrier, fourth phase is HBeAg-negative chronic hepatitis, and fifth
phase is HBsAg-negative phases. %

e The first phase (immune tolerance): patients with HBeAg-positive,
have high hepatitis B virus deoxyribonucleic acid (HBV DNA), but
normal ALT levels, despite a recent research indicates that HBV-
specific T-cell responses during this phase are not significantly
different from those respone during the active phase, this phase
should be changed its name “low inflammatory”. “% Generally, it
Is asymptomatic and HBV-specific cluster of differentiation 8 (CD
8+ T-cells).



e The second phase of immune clearance is called HBeAg-positive
chronic hepatitis, after years of CHB infection, HBV-specific T-
cells become increasingly activated and the infection develops to
an inflammatory. ©® The immune clearance HBeAg-positive is
characterized at the end of this second phase due to immune-
mediated liver necroinflammation, fibrosis, and fluctuating serum
ALT concentrations, HBeAg losses and anti-HBe antibodies are
occur. &

e Third Phase ( inactive HBV carrier).®® HBeAg-negative chronic
infection, previously referred to as the inactive carrier phase, it is
characterized by the presence of serum antibodies to Hepatitis B e
antigen (anti-HBe), undetectable or low ( > 2000 IU/mL) HBV
DNA and normal ALT levels, some of the patients in this phase
may show a level of HBV DNA ( < 2,000 IU/mL (usually) >
20,000 1U/mL) with persistently normal ALT and hepatic
necroinflammatory activity and fibrosis were both low. **® Before
classifying a patient as an inactive HBV carrier, a year of follow-
up with ALT levels at least every 3—4 months and serum HBV
DNA levels is required for the majority of patients, the inactive
HBYV carrier state confers a favorable long-term outcome with a
very low risk of cirrhosis or HCC due to immunological control of
the infection.“"

e Fourth phase: HBeAg-negative chronic hepatitis .®9 1t is
characterized by a lack of serum HBeAg usually with detectable
anti-HBe and a persistent or fluctuating moderate to high serum
HBV DNA (often lower than in HBeAg-positive patients) and
fluctuating or a persistently elevated ALT value.®® remain at high

risk for fibrosis progression. ¢®



e Fifth phase: HBsAg-negative phase is characterized by serum
negative HBsAg and positive Hepatitis B Core Antigen (HBCAQ)
antibodies, HBsAQ loss before cirrhosis begins ,and it is associated
with a minimal risk of cirrhosis, HCC and an improvement in
survival, however, if cirrhosis has developed prior to HBsAg,
patients remain at risk of HCC, therefore HCC surveillance should
continue immunosuppression wich may lead to reactivation of
HBV in these patients. ®® In general, HBV-related end-stage liver
disease (including cirrhosis and HCC) occurs decades post-
exposure. &

1.2.3 Occult Hepatitis B virus Infection

Occult HBV infection (OBI) is defined as the absence of HBsSAg
as well as the presence or absence of other HBV antibodies (anti-HBc
and anti-HBs) and the presence of HBV DNA in liver (with or without
presence in serum). “? HBsAg is absent due to the present of viral

DNA in the liver despite it is not present in the blood. *®
Occult HBV infection is in resource-limited environments. Serum

samples are usually detected by OBI, as liver biopsy tests are not

routinely available, when detectable, the amount of HBV DNA in the

serum is generally very low ( < 200 IU/mL). “Y OBI is a

heterogeneous condition with different clinical implications, it is

clearly associated with the risk of cirrhosis, HCC, and HBV
reactivation with immunosuppressive therapy. “*

Occult HBV infection or subclinical infection is now recognized as
an increased risk to HCC, the risk is most noticeable in these

situations over 50 years of age. “®
1.2.3.1 Clinical Implications of Occult Infections

Occult Infections has important clinical significance because

HBV can be transmitted through transfusion, organ transplantation
8



and perinatal route, in patients with low immunity or those who are
having chemotherapy OBI infection can reactivate and lead to acute
hepatitis which may develop hepatic fibrosis , it is also a risk factor
that can develop HCC. "

There are three main clinical implications for OBIs: transmission,
reactivation and liver disease.
«First: Transmission

This includes transmission of HBV through blood products and
organ transplantation from OBI donors or hemodialysis. “& 4
Although the risk of transmission of HBV via transfusion has
decreased significantly, there is still some risk based on the prevalence
of the population, the types of donors and the screening tests available

in blood banks. ©9

Donor screening before blood transfusion,
prophylaxis for high-risk organ transplantation recipients, and
dialysis-specific infection-control programs should be considered to
reduce the risk of transmission. “°
« Second: Reactivation

Occult HBV infection spontaneous reactivation of HBV rare in
normal circumstances in most the subjects of OBI, the level of serum
HBYV DNA remains imperceptible but if it is detectable, it usually
remains very low throughout the period of subsequent follow-up.
However, there are circumstances in which HBV can be detected to
reactivate this low viraemic state. “® OBI reactivation occurs
frequently in people who have undergone immunosuppressive
therapy. For example, patients who have received organ
transplantation, particularly liver, kidney and bone marrow, and those
who have received systematic chemotherapy, radiotherapy OBI

reactivation occurs. *”



« Third: Liver disease

Occult HBV infection was discovered in patients with chronic
liver disease (5—40%) severity of liver disease (e.g., cirrhosis, high
ALT levels) and coinfection with HCV (22-73%) or human
immunodeficiency virus (HIV) (10-45%), OBI is implicated in the
development of HCC in patients with CHC infection and OBI
patients, as well as more advanced histological grade tumors and
earlier HCC diagnosis compared to non-OBI patients. ©%

It can be also found in patients co-infected with the HCV in
which HCV core protein interferes with the replication of HBV and
its protein synthesis or co-infected with the HIV due to cell

immunodeficiency (decreased CD4+ cell numbers). ¥

1.3 Hepatitis B Virus Structure

Hepatitis B virus is an enveloped DNA virus that belongs to the
family of hepadnaviridae. ®® HBV virions were named Dane
particles after the researchers who led the team that first succeeded in
identifying virus particles which have been visualized by electron
microscope.!? At least three types of HBV particles are detected in the
serum of infected patients which are spherical structures of 42 nm in
diameter, those with a diameter of 22 nm and variable length filament
structures of 22 nm, the particles of 42 nm are infectious virions. ©

Figure (1-2), showing the structure of the virion, Infectious
circulating viral particles contain a small circular, partially double-
stranded DNA for about 3200 nucleotides. ** Enclosed by a capsid,
comprised of Hepatitis B Core Antigen ( HBcAg ) and surrounded by
a lipid envelope containing large (L-HBsAg), middle (M-HBsAg) and
small (S-HBsAg), the virus also expresses two non-particulate
proteins X protein for a transcriptional trans-activator protein and

HBeAg viral polymerase (Pol) reverse transcriptase of a diameter. ©°
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The 22 nm particles, which are much more abundant in the
patient serum, include subviral particles (SVPs) lack nucleocapsid and
are therefore non-infectious, other non-infectious particles are

currently known to be caused by infection, including enveloped

particles that lack of a viral genome, viral RNAs, and enveloped
(56)

particles that do not have a viral genome.

Genome:
partially double,
stranded DNA

® 5.HBsAg Envelope

M-HBsAg

Polymerase ¢ ...O ..

| X protein | No n-particulate
| HBeAg | proteins

Figure (1-2) Schematic Representation of HBV Particles.

1.4 Replication of the Hepatitis B Virus

Hepatitis B Virus infects hepatocytes on a long-term basis, it
replicates itself by reversing the transcription of an ribonucleic acid
(RNA) intermediate known as pregenome. ©”

The virus replicates and assembles exclusively in hepatocytes in
the host and virions are released non-cytopathically via the cellular
secretory pathway a route, HBV nucleocapsid is transported to the
nucleus, where it is released.®® The genome of relaxed- circular
Deoxyribonucleic Acid (rcDNA) is covalently converted in the
nucleoplasm, histones wrap cccDNA to form a eukaryotic eukary

structure with episomal chromatinization, it is then used as a
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transcription template for all viral transcripts translated into various
viral proteins. ¥

Spliced pre- genomic ribonucleic acid (pgRNA) can form a novel
protein called the HBV splice-generated protein (HBSP), it is linked
to increased viral replication by increased core protein expression and
HBeAg secretion. ® Serum HBeAg has proven to be a useful marker
for monitoring viral replication because its presence is associated with
high levels of viral replication and its absence is associated with a

decrease in viral replication. ®*
1.5 Factors Associated with Hepatitis B Virus Infection

Hepatitis B Virus infection and all related complications,
including CHB, FH, ALF. ® CHB patients with recurrent hepatic
inflammation, particularly those with cirrhosis, are at risk of advanced
hepatic disease or even acute on chronic liver failure (ACLF). ©¢?

CHB infection is linked to a number of diseases, including
asymptomatic HBV carrier status (ASC), liver cirrhosis, and HCC,
and it is a major cause of liver-related morbidity and mortality. ©
Significantly higher incidence rates of cirrhosis and HCC have been
observed in HBsAQ carriers compared to non-carriers, in addition,
older age, male sex, HBeAg positivity, genotype C, and increased
levels of ALT, HBV DNA, and HBsAg are significantly associated
with increased risk of cirrhosis and HCC. ©®*

Liver fibrosis is a common outcome of a sustained process of
wound healing caused by a variety of causes, including CHB. © TNF
antagonists are the first-line therapy for many autoimmune diseases
,they are linked to reactivation of the HBV, the rate of HBV
reactivation and hepatotoxicity grade 3 or 4 (HT >3) for patients

treated with an anti-TNF agent for an autoimmune disease were

determined. ©®
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1.6 Incidence of Hepatitis B Virus Infection

Hepatitis B Virus can survive contaminated environmental
surfaces for up to 7 days and is transmissible when it comes into
contact with non -intact skin or mucosa HBV is spreaded through
percutaneous or mucosal contact with infected blood or bodily fluids
BYHBV infection has an incubation period of 45-150 days. ©”

Three modes of HBV transmission, including perinatal, sexual
and blood transmission, perinatal or mother-to-infant transmission
plays an important role in spreading HBV.®® Since 1970, all blood
donations have been screened for HBsAg, lowering the risk of
transfusion-transmitted HBV infection, screening for HBs-Ag is still
regarded as an important tool for blood screening by WHO.®?

Also was found HBV patients gave a history of visiting dentists
and undergoing previous surgery, in addition, toothbrushes, razors,
and some other house-holding instruments can transmit HBV within
the family, the prevalence of risk factors differs from a society to
another according to the norms and traditions of that society, however,
HBYV infection is a preventable disease and can be prevented by 3
doses of vaccination.??

1.7 Risk Factors for Hepatitis B Virus Infection

The presence of metabolic risk factors, such as abdominal obesity
and hypertension has shown a significant impact on the progression
and even all-cause death rates in CHB.

1.7.1 Body Mass Index

The Body Mass Index (BMI) is identified as the weight in
kilograms divided by the height in meters squared (kg/m?), the WHO
consider a BMI of less than 18.5 as an underweight and BMI of 18.5
to 24.9 as normal weight while BMI of > 25.0 up to 30.0 was
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classified as overweight and BMI of > 30.0 as an obese. ™ The
increased BMI has been shown to worsen the outcome of CHB
disease, obesity (BMI > 30 kg/m?) is associated with an increased risk

of both HCC and liver-related mortality. "

1.7.2 Hypertension

Hypertension defined as systolic blood pressure (SBP) >140
mmHg or diastolic blood pressure (DBP) > 90 mmHg, the global
hypertension epidemic is largely uncontrolled, and hypertension
continues to be the leading cause of noncommunicable disease deaths
worldwide. ™ also, HBV infection is associated with increased risk of
metabolic syndrome (MetS) many of the chronic diseases that are
components of the MetS, such as diabetes, hypertension, stroke,

cardiovascular disease, and fatty liver disease. ®

1.8 Anthropometric Measurements

The anthropometric measurements (AMSs) is known as body
weight and body measurements and is wused in specific
epidemiological studies or clinical settings. “® AMs include unite of
measure weight (kg), height (m), waist circumference (cm) and hip
circumference (cm).
1.8.1 Hip Circumference

The hip circumference (HC) is measured in centimeters using a

tape measure at the widest point between the hip and buttock. “? It is
one of AMs used in liver diseases associated with patients with HBV

such as fibrosis.

1.8.2 Waist Circumference

An elastic measuring tape is used to measure waist circumference
(WC) in centimeters at the midpoint between the lower rib cage
margin and the top of the iliac crest. " WC is a simple and
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dependable anthropometric test used as a replace for centric obesity in
epidemiological studies . Central obesity was defined as a WC >
90 cm for men and > 80 cm for women. ® WC may be an
independent predictor of primary liver cancer (PLC) risk in men,

particularly in those with HBsAg negativity. /"

1.8.3 Thoracic Circumference

Thoracic circumference was measured with a tape measure
horizontally placed around the thorax .® In 2020, a study showed
the relationship between CHB patients who have thoracic

circumferences (TC) greater than 75 cm and liver fibrosis.

1.8.4 Neck Circumference

Neck circumference (NC) is the girth below the thyroid cartilage
protrusion, NC measurement is easy and highly reproducible and has
little variation. ® NC is a marker of upper body subcutaneous (SC)
adipose tissue distribution, it is a relatively new method of
differentiating between normal and abnormal fat distribution. ® The
NC > 37 cm in men and NC > 34 cm in women are probably the best
cutoff points to determine subjects with central obesity. ®? It indicates
to high correlations between NC and BMI which is linked to several
diseases include nonalcoholic fatty liver disease and abnormal liver

function tests.®V

1.9 Clinical Significance of Galectin-9 in Hepatitis B Virus

Infection

Galectins are a phylogenetically conserved family of soluble -
galactoside binding proteins, consisting of 15 different types, each
with a specific function. ®® Galectin-9 (Gal-9) can bind to a variety of
cell surface receptors and influence intracellular molecules, depending

on the cell type, Gal-9 can perform a variety of functions.® It binds
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to T cell immunoglobulin mucin domain 3 (Tim-3), a type |
glycoprotein is found in dysfunctional T cells during chronic viral
infections, Gal-9 exerts critical immunomodulatory effects by
inducing apoptosis or suppressing effector functions via its receptor,
Tim-3. &)

Galectin-9 is a preserved S-type lectin that plays multiple immune
modulatory roles in both innate and adaptive immune responses. &
Gal-9 has been shown to reduce the abundance of immune effector
cells T helperl (Thl) and T helper 17 (Th17) by binding to T-cell
immunoglobulin and Tim-3 and inducing programmable cell death.
®7) Gal-9 is highly expressed in the liver and has a wide range of
innate and adaptive biological functions that are instrumental in
maintaining hepatic homeostasis, in the setting of viral hepatitis,
increased expression of Gal-9 stimulates the expansion of regulatory
T cells and the contraction of effector T cells, favoring viral
persistence. ®

In 2017, Lucy Golden-Mason and Hugo R. Rosen have found
that Gal-9 levels in HBV-infected liver biopsies are high, and serum
levels of this protein are significantly higher than in uninfected
controls.

In 2021, Preeti Moar, and Ravi Tandon have found that Gal-9
levels in CHB infection serum are elevated, which correlated
positively with HBV-associated liver inflammation, Gal-9 expression
was also increased in Kupffer cells (KC) of the liver sinusoidal

network.®
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1.10 Clinical Significance of Interleukin-33 in Hepatitis B

Virus Infection

Interlukin-33 (IL-33) is a member of the IL-1 family of cytokines
with an increasing number of target cells and a plethora of biological
functions. ©” IL-33 binds to its receptor suppression of
Tumorigenicity 2 (ST2). ©® 1L-33 stimulated the production of pro-
inflammatory and T helper-2 (Th2)-associated cytokines, serum IL-33
was associated with liver damage in patients with CHB. ©? Based on
the disease, IL-33 has pro- and anti-inflammatory functions, IL- 33
has been shown to be a pathogenic marker in patients with acute liver
failure, CHB, HCV and liver cirrhosis, it has also been proposed that
IL-33 be used as a pro-fibrotic factor in chronic liver disease because
it is linked to liver fibrosis.®®

In 2015, Octavie Rostan and others have studied the crucial and
diverse role of the Interleukin-33/ST2 axis in infectious diseases and
they found elevated serum levels of IL-33 in chronically infected
HBV patients. ®¥

In 2017, Zijian Sun, and other have found That CHB patients with
high serum ALT concentrations showed higher serum IL-33 and ST2
levels.®)

In 2020, Wei Yuan with other have found that the IL-33/sST2
axis could be used to assess progression and mortality in CHB patients
experiencing a hepatic flare. ©”

1.11 Liver Enzyme Function

Liver synthesizes several nonessential amino acids and serum
enzymes such as AST, ALT, lactate dehydrogenase (LDH) and
alkaline phosphatase (ALP). ©®® Some studies have shown that liver
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function markers, including albumin, bilirubin, ALT, AST and
AST/ALT marked variation among different HBV patients. ©”

1.11.1 Alanine Aminotransferase

©® It is the most

Alanine aminotransferase, (EC:. 2.6.1.2).
commonly used enzyme for detecting hepatocellular damage, it is
found in many tissues, but it is most active in the liver. ® ALT
concentrations are found to be lower than AST concentrations in all
cells except hepatic cells; thus, its elevation is particularly related to
liver disease. *°

Chronic hepatitis B virus infection acquired at birth or early
childhood typically progresses through an early stage of disease
characterized by normal serum ALT and high titer viremia. *®® CHB
was characterized by seropositivity of HBsAg for > 6months with
repeated abnormalities in serum ALT. ©” Patients with ALT levels
that are 0.5-1 times higher than the normal upper limit are at risk of
developing cirrhotic complications and HCC. ®° Elevations in ALT
are traditionally linked to hepatocellular injury; however, there have
also been reports of severe muscle damage linked to an increase in

ALT activity. 1%
1.11.2 Aspartate Aminotransferase

Aspartate aminotransferase (EC 2.6.1.1). ®® AST is less specific
for liver damage. “® AST is found throughout tissues , with high
concentrations in the heart, liver, kidney, and skeletal muscle as a
result, it should not be used as a sole indicator of liver damage unless
other supporting enzymes are measured, elevations in AST may be
less pronounced in most species than increases in ALT with minimal
to mild liver injury. ¢
Aspartate aminotransferase is a biomarker commonly used for

the assessment of hepatocyte damage, AST levels are increased in
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acute and chronic viral hepatitis, alcoholic hepatitis and cirrhosis. %

Increased AST activities are commonly associated with effects on the
liver and skeletal muscle, but they can also be seen in hemolytic

conditions. %

1.11.3 Alkaline phosphatase

Alkaline phosphatases (EC 3.1.3.1) are widely present in nature,
and are found in many organisms, it is an enzyme which catalyzes the
hydrolysis of phosphate monoesters, ALP is membrane-bound and
widely found in liver for about 55%; in bone 45%; in osteoblasts, gut
5%. % ALP is a well-established biomarker for a number of
diseases, studies have shown that elevated ALP serum concentrations
are often associated with biliary obstruction, osteopathy such as
osteoplastic bone tumors and osteomalacia, leukemia or lymphoma,
however, decreased levels of ALP may also occur when certain
metabolic disorders such as Wilson's disease or hematological
diseases such as aplastic anemia and chronic myelogenous leukemia

occur. 4% Serum ALP is increased in HBV. t%7

1.12 Biochemical Markers Related to Liver Diseases
Routine liver biochemical tests includes tests of hepatic function
(e.g., serum albumin, serum bilirubin), abnormal liver biochemical

test are often the first clues to liver disease. ‘%

1.12.1 Bilirubin
Bilirubin (BIL) Caz3H3N4Og is a primary end product of heme

catabolism. %

It is released in an unconjugated form as an indirect
bilirubin (IN.BIL), which is bound to albumin in the plasma and
transported to the liver, where bilirubin is conjugated with glucuronic

acid in hepatocytes, a process catalyzed by glucuronyl transferase. **

19



Conjugated bilirubin direct bilirubin (D.BIL), is excreted into
the bile and enters the duodenum, some of the bilirubin is hydrolyzed
in the small bowel to produce unconjugated bilirubin and glucuronic
acid, as well as urobilinogen, the majority of urobilinogen is secreted
in the stool. ™Y But some of urobilinogenis is reabsorbed and
returned to the liver via the portal vein, enters circulation and secreted
by kidney. “*? Higher levels of serum (D.BIL) are seen in viral
hepatitis, hepatocellular damage and hyperbilirubinemia in acute viral
hepatitis is directly proportional to the degree of hepatocyte

histological injury and the duration of the disease.**?

1.12.2 Total protein

The estimation of total serum proteins (TSP) in the body is useful
in distinguishing between normal and damaged liver function because
the important role of liver produces the majority of proteins such as
albumin and globulin.™® TSP represents the sum of albumin and
globulin, it may be elevations duo to chronic infection, collagen
vascular disease, liver dysfunction wile it could be decreased due to
malnutrition, liver diseases etc. *“ TSP levels should be between 6.0
and 8.3 g/dL.**?

1.12.3 Albumin

Albumin is the main protein in the blood and is produced by the
liver. ™ Low serum albumin concentration indicates that the liver is
not functioning properly, serum albumin levels are not reduced in
acute liver failure because it takes several weeks of impaired albumin
production for the serum albumin level to fall. ' The normal range
of albumin is 3.4-5.4 g/dL .**

In chronic liver disease, serum albumin concentrations are usually
normal until cirrhosis and significant liver damage develop, serum

albumin levels in advanced liver disease may be less than 3.5 g/dL.
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(119 jincreased albumin may be due to dehydration or improper use of
protein.™
1.12.3 Globulins

Globulin are proteins that include four major groups that can be
identified: gamma globulins, beta globulins, alpha-2 globulins and
alpha-1 globulins. *** Globulin is one type of protective antibody
produced by immune system that helps identify and fight infections,
increased globulin levels may be due to chronic inflammation, kidney
infection, stress, liver disease and parasite infestation, while decreased
globulin levels may be due to anemia, depressed immune systems. **®

The globulin values have been calculated by subtracting the
albumin values from the corresponding total protein values. ")
1.13 Aims of the Study

The main aim of this study was to evaluate serum levels of Gal-9
and IL-33 in CHB Patients in Al-Fallujah City and explore the
correlation and strength of associations between these two variables
with others studied parameters, and the ability to use of serum levels
of Gal-9 and IL-33 as indicator for diagnosis of CHB.
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2. Materials and Methods
2.1 Subjects

2.1.1 Chronic Hepatitis B virus Patients

Forty patients (20 females and 20 males) with CHB were
subjected in the study. The age range was within (20 to 55 years),
after ethical clearance, the study was carried out in those attending the
Fallujah teaching hospital and some private laboratories in Al-Fallujah
city between September 2020 to January 2021.Questionnaire sheet
was completed for each subjects (Appendix I).

After full clinical exanimation by their consultant physicians,
patients with other chronic diseases such as diabetes, joint diseases, as
well as, those with chronic kidney diseases and also pregnant women
were excluded from this study.

2.1.2 Controls

For the purpose of comparisons, 40 (20 female and 20 male)
control subjects comparable to HBV patients in respect to age (20 to
55 years), were included in the study. The controls were selected
among subjects who were apparently seems healthy in terms of not
infected with hepatitis and non-diabetic, non-hypertensive, any other
endocrine disorders or metabolic kidney diseases and were without
acute illness or infection at time of sampling.

2.1.3 Characteristics of Patients and subjects

Control samples and patients were described in the terms of
gender, age, CHB family history, BMI, waist to hip (W/H) ratio |,
waist t