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Abstract— The liver, a complex organ with multifaceted functions, is subject to a myriad of genetic influences that contribute to
individual variations in liver function. This review article explores the intricate relationship between genetics and liver function
tests (LFTs), shedding light on the molecular basis of hepatic health. We delve into the key genetic determinants influencing
various LFT markers, including alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP),
bilirubin, and others.

Advancements in genomics, particularly through genome-wide association studies (GWAS), have unveiled a wealth of genetic
variants associated with alterations in LFT parameters across diverse populations. This review synthesizes findings from these
studies, providing insights into the genetic architecture of liver function and its implications for clinical practice. We discuss the
clinical significance of genetic polymorphisms in the context of liver diseases, emphasizing their potential as biomarkers for
disease risk stratification.

Furthermore, the review elucidates the genetic underpinnings of specific liver conditions, such as hemochromatosis, Wilson's
disease, and alpha-1 antitrypsin deficiency, highlighting how genetic factors contribute to variations in liver function tests and
disease progression. The impact of genetic diversity on drug metabolism and hepatotoxicity is also explored, emphasizing the
importance of personalized medicine in optimizing treatment outcomes.

The integration of genetic information into the interpretation of LFT results is discussed, emphasizing the evolving landscape of
precision medicine in hepatology. We address challenges and opportunities in incorporating genetic data into routine clinical
practice, considering ethical considerations and potential benefits for patient care.

In conclusion, this review consolidates current knowledge on the interplay between genetics and liver function, providing a
comprehensive overview of the molecular basis of hepatic health. Understanding the genetic determinants of liver function not
only enhances diagnostic accuracy but also opens avenues for the development of targeted therapeutic interventions, ultimately
paving the way for personalized approaches to liver health assessment and management..
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1. Introduction

The liver, a vital organ orchestrating an array of metabolic,
synthetic, and detoxification processes, stands as an intricate
nexus where genetics and physiology converge. Within this
dynamic interplay, the influence of genetic factors on liver
function is increasingly recognized as a pivotal determinant
of individual variability in health and disease. Liver function
tests (LFTs), a set of blood markers reflecting various aspects
of hepatic activity, serve as crucial indicators for assessing
the organ's well-being (1)

In recent years, the advent of genomic research has unveiled

the molecular secrets underlying the diversity observed in
liver function among individuals. This article embarks on a
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journey to unravel the genetic intricacies shaping hepatic
health and influencing the outcomes of LFTs. As we navigate
through the complex landscape of genetics and liver function,
our aim is to illuminate the pathways connecting the human
genome to the nuanced spectrum of liver-related conditions

@

Understanding the genetic basis of liver function necessitates
exploration into the specific genes and genetic variants that
govern the synthesis, metabolism, and regulation of key
hepatic biomolecules. Genome-wide association studies
(GWAS) have revealed a wealth of information about the
genetic variations associated with liver enzyme levels,
providing a foundation for comprehending the genetic
architecture of hepatic health (2)

32


http://www.isroset.org/
https://orcid.org/0000-0002-3084-0460

Int. J. Sci. Res. in Biological Sciences

Moreover, the implications of genetic diversity extend
beyond normal liver physiology, impacting the susceptibility
to and progression of liver diseases. Clinical Conditions such
as Wilson's disease, hemochromatosis and alpha-1 antitrypsin
deficiency exemplify instances where genetic factors
intertwine with liver function, ultimately influencing the
clinical manifestation of these disorders (3)

This article focus is on uncovering how our genes impact the
outcomes of liver function tests and aims to understand how
genetic information can enhance our ability to predict the risk
of liver issues, forecast diseases, and tailor effective
treatments.

By decoding the genetic information that guides liver
processes, we aim to discover innovative ways for more
accurate diagnoses, improved treatments, and a deeper
understanding of how each person's unique genetic makeup
influences their liver health. This exploration promises to
contribute to advancements in medical practices, allowing for
personalized approaches to liver care based on individual
genetic profiles.

Liver function tests in Hemochromatosis

Liver function tests (LFTs) play a crucial role in assessing the

consequences of iron overload on the liver. Here's how

hemochromatosis is related to liver function tests [4]:

1. Elevated Serum Ferritin:

* Role in Hemochromatosis: Ferritin is a protein that stores
iron. In hemochromatosis, there is unregulated absorption
of iron, leading to elevated serum ferritin levels.

+ Clinical Implications: Monitoring serum ferritin levels is an
essential aspect of assessing iron overload in individuals
with hemochromatosis. Elevated ferritin is an early
indicator of increased iron stores in the body.

2. Elevated Transferrin Saturation:

* Role in Hemochromatosis: Transferrin is a protein that
transports iron in the blood. Transferrin saturation,
calculated as a percentage, is an important indicator of iron
overload.

+ Clinical Implications: An elevated transferrin saturation
level is often observed in hemochromatosis, reflecting
increased iron absorption and saturation of transferrin with
iron.

3. Elevated Liver Enzymes (AST and ALT):

* Role in Hemochromatosis: Iron accumulation in the liver
can lead to inflammation and damage to liver cells,
resulting in elevated levels of enzymes like aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT).

+ Clinical Implications: Persistent elevation of liver enzymes
may indicate liver injury or fibrosis. Monitoring AST and
ALT levels is crucial for assessing the impact of iron
overload on liver health.

4. Liver Cirrhosis:

* Role in Hemochromatosis: Prolonged and untreated
hemochromatosis can adversely affect liver and can lead to
liver cirrhosis, a condition characterized by the scarring of
liver tissue.
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« Clinical Implications: Liver cirrhosis can cause alterations
in various liver function tests, including decreased albumin
levels, prolonged prothrombin time (PT), and alterations in
clotting factors.

5.Bilirubin Levels:

* Role in Hemochromatosis: Iron overload may affect the
liver's ability to process bilirubin, leading to increase in
bilirubin levels.

+ Clinical Implications: Elevated bilirubin levels may
indicate impaired liver function and may contribute to the
manifestation of jaundice in severe cases.

6. Prothrombin Time (PT) and International Normalized

Ratio (INR):

* Role in Hemochromatosis: Liver dysfunction in advanced
stages of hemochromatosis can affect the synthesis of
clotting factors, leading to alterations in PT and INR.

+ Clinical Implications: PT and INR are crucial for assessing
the liver's synthetic function and coagulation status.

Genetic Basis of Hemochromatosis
Hemochromatosis is a genetic disorder characterized by
increased iron absorption and accumulation in the body. This
condition is associated with mutations in the HFE gene,
which plays a important role in regulating iron absorption in
the small intestine. The most common mutations linked to
hereditary hemochromatosis are C282Y and H63D[4].

Genetic Basis:

1. HFE Gene Mutations:

+ C282Y Mutation: This mutation is the most common and is
associated with the majority of hereditary hemochromatosis
cases. Homozygosity for the C282Y mutation (i.e.,
inheriting the mutation from both parents) increases the risk
of iron overload.

» H63D Mutation: This mutation is less common than C282Y
and is generally considered to have a milder effect on iron
metabolism. However, in certain cases or when present
with other genetic or environmental factors, it can
contribute to iron overload.

2. Other Mutations:

» While HFE mutations are the primary genetic factors
associated with hereditary hemochromatosis, there are
other rare mutations that can contribute to the condition.
These may involve genes such as HAMP (hepcidin
antimicrobial peptide) and TFR2 (transferrin receptor 2).

Inheritance:
Hereditary hemochromatosis follows an autosomal recessive
pattern of inheritance. This means that individuals with
hemochromatosis typically inherit one mutated gene from
each parent. The C282Y mutation is the major contributor to
the classic form of hereditary hemochromatosis, and
individuals who are homozygous for this mutation are at
higher risk of developing iron overload.

Clinical Implications:

1. Iron Overload:

+ Mutations in the HFE gene lead to increased absorption of
dietary iron, resulting in excess iron accumulation in
various organs, particularly the liver, pancreas, and heart.

2. Organ Damage:
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« Chronic iron overload can cause organ damage, leading to
conditions such as liver cirrhosis, diabetes, heart problems,
and joint pain.

3. Clinical Variability:

» The clinical presentation of hereditary hemochromatosis
can vary widely. Some individuals with HFE mutations
may never develop symptoms, while others may experience
severe complications.

Genetic Testing:
Genetic testing for HFE mutations is a key diagnostic tool for
hereditary hemochromatosis. Testing can identify individuals
carrying one or more of the mutations associated with the
disorder, aiding in early diagnosis, risk assessment, and the
implementation of preventive measures, such as therapeutic
phlebotomy to reduce iron levels.

Understanding the genetic basis of hemochromatosis is

essential for targeted screening of at-risk populations, early

intervention, and the prevention of complications associated
with iron overload. Genetic counseling is often recommended

for individuals with HFE mutations, especially those with a

family history of hemochromatosis.

Liver function tests in Wilson's disease
Wilson's disease is a rare genetic disorder characterized by
impaired copper transport and metabolism, leading to
accumulation of copper in various organs, particularly the
liver and brain. Liver function tests (LFTs) play a crucial role
in assessing the impact of copper overload on liver health in
individuals with Wilson's disease. Here's how Wilson's
disease is related to liver function tests[5]:

1. Elevated Liver Enzymes (AST and ALT):

* Role in Wilson's Disease: Copper accumulation in the liver
can lead to liver inflammation and damage to liver cells,
resulting in increased levels of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT).

 Clinical Implications: Monitoring AST and ALT levels
helps assess the degree of liver injury and inflammation in
individuals with Wilson's disease. Persistent elevation may
indicate ongoing liver damage.

2. Elevated Alkaline Phosphatase (ALP):

* Role in Wilson's Disease: Alkaline phosphatase is an
enzyme produced in the liver and other tissues. Copper
buildup in the liver may lead to increased ALP levels.

+ Clinical Implications: Elevated ALP levels can be
indicative of cholestasis, a reduction in bile flow. It is a
marker of liver dysfunction and may contribute to the
assessment of liver involvement in Wilson's disease.

3. Elevated Bilirubin Levels:

* Role in Wilson's Disease: Impaired copper metabolism
affects the liver's ability to process bilirubin, leading to
alterations in bilirubin levels.

+ Clinical Implications: Elevated bilirubin levels may
indicate impaired liver function and could contribute to the
manifestation of jaundice in severe cases.

4. Prothrombin Time (PT) and International Normalized

Ratio (INR):

* Role in Wilson's Disease: Advanced liver involvement in
Wilson's disease can impact the synthesis of clotting
factors, leading to alterations in PT and INR.
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« Clinical Implications: PT and INR are crucial for assessing
the liver's synthetic function and coagulation status.
Changes in these parameters may indicate liver dysfunction
and the severity of the disease.

5. Serum Ceruloplasmin Levels:

* Role in Wilson's Disease: Ceruloplasmin is a copper
binding  protein and transports copper in the blood.
Wilson's disease is associated with low levels of serum
ceruloplasmin.

+ Clinical Implications: Measurement  of  serum
ceruloplasmin levels is not a traditional liver function test
but is essential in the context of Wilson's disease diagnosis.
Low ceruloplasmin levels contribute to confirming the
suspicion of the disorder.

Genetics of Wilson's disease

Wilson's disease is an autosomal recessive genetic disease
caused by mutations in the ATP7B gene. This gene is located
on chromosome 13 and provides instructions for making a
protein called ATPase copper transporting beta (ATP7B). The
ATP7B protein plays a important role in copper transport and
metabolism within the body[5].

Here are key aspects of the genetics of Wilson's disease:

1. Autosomal Recessive Inheritance:

*  Wilson's disease follows an autosomal recessive pattern
of inheritance and an individual must inherit two copies of the
mutated ATP7B gene — one from each parent — to develop
the disorder.

* Individuals heterozygous for Wilson's disease,
characterized by the inheritance of one wild-type allele and
one mutated allele (referred to as carriers), generally remain
asymptomatic with respect to the manifestations associated
with the disorder. Wilson's disease is an autosomal recessive
genetic condition, and carriers harbor one functional copy of
the ATP7B gene alongside one defective copy.

2. ATP7B Gene Mutations:

« Mutations in the ATP7B gene result in the production of
a dysfunctional ATP7B protein. This protein is responsible
for transporting copper out of liver cells and incorporating it
into ceruloplasmin, a copper-carrying protein.

» Various mutations in the ATP7B gene can lead to
impaired copper transport and metabolism, contributing to
copper accumulation in the liver and other tissues.

3. Copper Accumulation and Toxicity:

* In individuals with Wilson's disease, the defective
ATP7B protein hinders the normal excretion of copper into
bile, leading to the gradual buildup of copper in the liver.
This excess copper can then be released into the bloodstream
and deposited in various organs, particularly the liver, brain,
and cornea.

«  The accumulation of copper in tissues leads to toxicity,
causing damage to the affected organs and giving rise to the
clinical manifestations of Wilson's disease.

4. Genetic Testing:

«  Genetic testing for mutations in the ATP7B gene is a
important diagnostic tool for Wilson's disease. Testing can
identify specific mutations and confirm the presence of the
disorder.

»  The identification of mutations in the context of Wilson's
disease serves a dual purpose, not only as a diagnostic tool
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but also as a facilitator of genetic counseling. This process is
essential for providing affected individuals and their families
with a thorough understanding of the inheritance pattern of
the disorder, enabling informed decision-making in the realm
of family planning.

5. Allelic Heterogeneity:

+  Wilson's disease exhibits allelic heterogeneity, meaning
that there are various mutations in the ATP7B gene
associated with the disorder. Different mutations may result
in varying degrees of copper accumulation and clinical
severity.

»  The type and combination of mutations inherited by an
individual can influence the age of onset, symptoms, and
progression of Wilson's disease.

Liver function tests in Alpha-1 antitrypsin deficiency
(AATD)

Alpha-1 antitrypsin deficiency (AATD) is a genetic disorder
that primarily affects the lungs and liver. In the context of
liver function tests (LFTs), AATD can be associated with
specific patterns of abnormalities due to the impact of the
disease on the liver. Here's how AATD may affect liver
function tests[6]:

1. Elevated Liver Enzymes (AST and ALT):

* Role in AATD: AAT is produced in the liver, and in
individuals with AATD, abnormal AAT protein can
accumulate in the liver cells, leading to inflammation and
liver damage. This can result in elevated levels of aspartate
aminotransferase (AST) and alanine aminotransferase (ALT).
+  Clinical Implications: Monitoring AST and ALT levels
helps assess the degree of liver involvement in AATD.
Persistent elevation may indicate ongoing liver damage.

2. Elevated Bilirubin:

* Role in AATD: Liver dysfunction in AATD can affect
the processing of bilirubin, a yellow pigment produced during
the breakdown of red blood cells(Rbcs), leading to elevated
bilirubin levels.

* Clinical Implications: Elevated bilirubin levels may
indicate impaired liver function and could contribute to the
manifestation of jaundice in severe cases of AATD-related
liver disease.

3. Low Serum Alpha-1 Antitrypsin:

* Role in AATD: A blood test can measure the levels of
AAT in the blood. In individuals with AATD, the levels are
typically lower than normal due to the production of defective
AAT protein.

»  Clinical Implications: Low serum AAT levels are a key
diagnostic feature of AATD. This parameter is not a
traditional liver function test but is essential in the context of
diagnosing and monitoring the condition.

4. Prothrombin Time (PT) and International Normalized
Ratio (INR):

* Role in AATD: Advanced liver involvement in AATD
can impact the synthesis of clotting factors, leading to
alterations in PT and INR.

e Clinical Implications: PT and INR are crucial for
assessing the liver's synthetic function and coagulation status.
Changes in these parameters may indicate liver dysfunction
and the severity of the disease.

5. Liver Cirrhosis:
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* Role in AATD: Prolonged and untreated AATD-related
liver disease can lead to liver cirrhosis, a condition
characterized by the scarring of liver tissue.

e Clinical Implications: Liver cirrhosis can cause
alterations in various liver function tests, including decreased
albumin levels, prolonged PT, and other markers of synthetic
and metabolic dysfunction

Genetic of Alpha-1 antitrypsin deficiency

Alpha-1 antitrypsin deficiency (AATD) is a genetic disorder
caused by mutations in the SERPINAL gene, which provides
instructions for making the alpha-1 antitrypsin (AAT) protein.
The genetic basis of AATD involves alterations in the
structure and function of AAT, leading to various clinical
manifestations, primarily affecting the lungs and liver[6].

1. SERPINAL Gene:

+ Location: The SERPINA1 gene is located on the long
arm (q) of chromosome 14 at position 32.13.

* Function: The SERPINA1 gene is responsible for
encoding the alpha-1 antitrypsin (AAT) protein. This protein
assumes a pivotal role in safeguarding pulmonary tissues
from deleterious effects inflicted by enzymes liberated by
inflammatory cells. Specifically, AAT functions as an
inhibitor, mitigating the detrimental impact of proteolytic
enzymes released during inflammatory processes, thereby
contributing to the preservation of lung integrity.

2. Autosomal Recessive Inheritance:

« AATD follows an autosomal recessive pattern of
inheritance. This means that individuals with AATD inherit
two copies of the mutated SERPINAL gene — one from each
parent.

« Individuals Heterozygous (carriers) typically do not
exhibit symptoms of AATD but can pass the mutated gene to
their children.

3. Types of Mutations:

e There are numerous mutations in the SERPINAL gene
associated with AATD. The most common mutation is known
as the Z allele (Glu342Lys), but other variants, such as the S
allele (Glu264Val), also contribute to the condition.

« The Z allele, in particular, results in a misfolded AAT
protein that is prone to aggregation and accumulation within
liver cells.

4. Impact on AAT Protein:

e The mutations in the SERPINA1 gene lead to the
production of defective or reduced levels of AAT protein. In
individuals with AATD, the AAT protein is often misfolded,
making it prone to accumulation in the liver rather than being
efficiently released into the bloodstream.

5. Liver Manifestations:

* In the context of liver involvement, AATD-related liver
disease can occur due to the accumulation of abnormal AAT
protein within liver cells, leading to inflammation and liver
damage. This may progress to conditions such as cirrhosis.

6. Clinical Variability:

+ The clinical presentation of AATD can vary widely.
While the lungs and liver are the primary organs affected, the
severity and age of onset of symptoms can differ among
individuals, even with the same mutation.

7. Genetic Testing:
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»  Genetic testing for mutations in the SERPINAL gene is a
crucial diagnostic tool for AATD. Testing can identify
specific mutations, confirm the presence of the disorder, and
provide information about potential clinical manifestations
and severity.

Liver Function test in Non-Alcoholic Fatty Liver Disease
Non-Alcoholic Fatty Liver Disease (NAFLD) is a medical
condition characterized by the accumulation of fat in the
liver. Liver function tests (LFTs) are commonly used to
assess liver health and may provide insights into the presence
and severity of NAFLD. Here's how NAFLD may impact
liver function tests[7]:

1. Elevated Liver Enzymes (ALT and AST):

* Role in NAFLD: ALT (Alanine Aminotransferase) and
AST (Aspartate Aminotransferase) are enzymes found in
liver cells. When liver cells are damaged or inflamed, they
release these enzymes into the bloodstream.

* Clinical Implications: Elevated ALT levels are often
considered a marker of liver injury, and AST levels may also
be elevated. However, the elevation is usually modest in
NAFLD compared to other liver diseases.

2. Alkaline Phosphatase (ALP):

* Role in NAFLD: Alkaline phosphatase is an enzyme
produced in the liver and other tissues. In NAFLD, ALP
levels are typically within the normal range, as this condition
usually does not cause significant bile duct obstruction.

* Clinical Implications: Normal ALP levels may help
distinguish NAFLD from other liver diseases that involve bile
duct issues.

3. Gamma-Glutamyl Transferase (GGT):

* Role in NAFLD: GGT is an enzyme found in the liver.
While it can be elevated in liver diseases, including NAFLD,
it is not as specific as ALT for liver cell injury.

«  Clinical Implications: Elevated GGT levels may suggest
liver dysfunction, but they are not specific to NAFLD.

4. Bilirubin:

* Role in NAFLD: Bilirubin is a yellow pigment produced
during the breakdown of red blood cells. Elevated bilirubin
levels are uncommon in uncomplicated NAFLD.

+ Clinical Implications: Bilirubin levels are typically
normal in NAFLD, and significant elevations may suggest the
presence of other liver diseases.

5. Albumin:

* Role in NAFLD: Albumin is a protein produced by the
liver. In early stages of NAFLD, albumin levels are usually
within the normal range.

»  Clinical Implications: Reduced albumin levels are more
commonly seen in advanced liver disease, such as cirrhosis,
which may develop in some individuals with severe NAFLD.
6. Prothrombin Time (PT) and International Normalized
Ratio (INR):

* Role in NAFLD: Advanced liver disease, including
cirrhosis, can affect the synthesis of clotting factors, leading
to alterations in PT and INR.

«  Clinical Implications: PT and INR may be within the
normal range in early stages of NAFLD. Changes in these
parameters may indicate more advanced liver disease.

Genetics of Non-Alcoholic Fatty Liver Disease (NAFLD
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Non-Alcoholic Fatty Liver Disease (NAFLD) is a complex
and multifactorial condition, and its development involves a
genetic, environmental, and lifestyle factors. While genetic
factors play a role in determining susceptibility to NAFLD,
they interact with environmental influences such as diet,
physical activity, and metabolic factors. Here are key points
regarding the genetics of NAFLD[7]:

1. Polygenic Inheritance:

* Non-Alcoholic Fatty Liver Disease (NAFLD) is

characterized as a polygenic disorder, denoting that its
development is influenced by the concerted actions of
multiple genes. Contrary to monogenic disorders where a
single gene mutation is responsible, NAFLD lacks a singular
gene determinant. Instead, the susceptibility to NAFLD is
shaped by the intricate interplay of various genetic variations.
These collective genetic factors contribute to the multifaceted
nature of NAFLD, and understanding their combined effects
is crucial in elucidating the underlying genetic architecture of
this complex disorder.

2. Candidate Genes:

» Several candidate genes have been studied for their
potential association with NAFLD. These genes are involved
in lipid metabolism, insulin resistance, inflammation, and
oxidative stress.

« Exemplars of candidate genes implicated in the context
of Non-Alcoholic Fatty Liver Disease (NAFLD) encompass
those associated with specific molecular entities. Notable
among these are genes encoding adiponectin (ADIPOQ),
peroxisome proliferator-activated receptor gamma (PPARG),
patatin-like phospholipase domain-containing protein 3
(PNPLA3), and transmembrane 6 superfamily member 2
(TM6SF2). These genes are recognized for their involvement
in critical physiological processes, and variations in their
sequences have been correlated with an augmented
susceptibility to NAFLD. The investigation of these candidate
genes provides valuable insights into the genetic
underpinnings of NAFLD, elucidating the intricate
mechanisms governing its pathogenesis.

3. PNPLAS3 Gene:

e The PNPLAS3 gene is one of the most studied genes in
the context of NAFLD. A specific variant of this gene, known
as rs738409, is associated with an increased risk of
developing NAFLD and progression to more severe forms of
the disease, including non-alcoholic steatohepatitis (NASH)
and liver fibrosis.

+ The PNPLA3 variant is particularly prevalent in certain
populations and ethnic groups.

4. TMG6SF2 Gene:

+ Variants in the TM6SF2 gene have also been implicated
in NAFLD. These variants are associated with hepatic lipid
content and liver disease severity.

+ Like PNPLA3, TMG6SF2 variants show population-
specific differences in prevalence.

5. Genetic Heterogeneity:

» The genetic landscape of NAFLD is characterized by
heterogeneity, meaning that different genetic factors may be
more or less relevant in various populations or individuals.

« Interactions between genetic variants and environmental
factors, such as diet and lifestyle, further contribute to the
complexity of NAFLD.
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6. Gene-Environment Interactions:

»  The risk of developing NAFLD is not solely determined
by genetics. Interactions between genetic susceptibility and
environmental factors, including diet, sedentary lifestyle, and
metabolic conditions like obesity and insulin resistance, play
a significant role.

»  Lifestyle modifications and interventions remain crucial
in managing and preventing NAFLD, even in individuals
with a genetic predisposition.

7. Heritability Estimates:

« Twin and family studies have suggested a heritability
component in NAFLD, indicating that genetic factors
contribute to a certain extent to the risk of developing the
disease.

* However, the exact contribution of genetic factors to
NAFLD risk varies, and environmental factors are often
equally or more influential.

Liver function test in
Telangiectasia (HHT)
Hereditary Hemorrhagic Telangiectasia (HHT), also known
as Osler-Weber-Rendu syndrome, is a genetic disease
characterized by abnormal blood vessel formation. While
HHT primarily affects the blood vessels, it may have
implications for liver function. However, liver involvement in
HHT is not a universal feature, and not all individuals with
HHT will experience liver-related issues. Here's how liver
function tests (LFTs) may be impacted in individuals with
HHT [8]:

1. Elevated Liver Enzymes (ALT and AST):

* Role in HHT: Liver involvement in HHT may lead to
vascular  malformations  within  the  liver, causing
inflammation and liver cell damage. This can result in
elevated levels of aspartate aminotransferase (AST) and
alanine aminotransferase (ALT).

e Clinical Implications: Elevated liver enzymes may
indicate liver injury, and persistent elevation may prompt
further investigation to assess the extent of liver involvement.
2. Alkaline Phosphatase (ALP):

* Role in HHT: Liver vascular malformations in HHT may
affect bile flow and contribute to elevated ALP levels.

» Clinical Implications: Elevated ALP levels, along with
other liver function tests, may suggest cholestasis (reduced
bile flow) and liver vascular malformations in individuals
with HHT.

3. Bilirubin:

* Role in HHT: Liver vascular malformations in HHT may
affect the processing of bilirubin, potentially leading to
elevated levels.

» Clinical Implications: Elevated bilirubin levels may
indicate impaired liver function, and further evaluation may
be needed to determine the cause.

4. Gamma-Glutamyl Transferase (GGT):

* Role in HHT: Liver vascular malformations in HHT may
contribute to elevated GGT levels.

«  Clinical Implications: Elevated GGT levels may suggest
liver dysfunction, and it can be one of the markers assessed in
the context of liver involvement in HHT.

It's important to note that liver involvement in HHT is
variable, and not all individuals with HHT will experience

Hereditary Hemorrhagic
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liver-related complications. Liver function tests are just one
aspect of assessing liver health in individuals with HHT.
Imaging studies, such as ultrasound or magnetic resonance
imaging (MRI), may be used to identify liver vascular
malformations and assess their impact on liver function

Genetics of Hereditary Hemorrhagic Telangiectasia

The genetic basis of HHT involves mutations in specific
genes that regulate angiogenesis (the formation of blood
vessels). While HHT primarily affects blood vessels, the
mutations associated with the disorder can indirectly
influence liver function through the development of vascular
malformations within the liver[9].

1. ENG and ACVRL1 Genes:

« Mutations in the ENG (endoglin) and ACVRLL1 (activin
A receptor type Il-like 1) genes have been identified as
causative factors for HHT in approx.. 96% patients.

+ The ENG gene is located on chromosome 9, and the
ACVRL1 gene is located on chromosome 12 .

+ Both genes play crucial roles in the regulation of blood
vessel development and maintenance.

Besides, SMAD4 and GDF2, have also been identified in few
cases.

2. Autosomal Dominant Inheritance:

»  Hereditary Hemorrhagic Telangiectasia (HHT) adheres
to an autosomal dominant mode of inheritance, signifying
that the manifestation of the disorder occurs when a mutation
is present in only one copy of the implicated gene. In the case
of HHT, the relevant genes are either ENG (endoglin) or
ACVRL1 (activin receptor-like kinase 1).

» Individuals with HHT have a 50% chance of passing the
mutated gene to their offspring.

3. Heterogeneity of Mutations:

e There is significant genetic heterogeneity in HHT,
meaning that various mutations in the ENG and ACVRL1
genes can lead to the development of the disorder.

« Different mutations may result in variable clinical
presentations and manifestations of HHT, including its impact
on the liver.

4. Vascular Malformations in the Liver:

» The genetic mutations associated with HHT result in
abnormal blood vessel formation throughout the body,
including the liver.

« In the liver, arteriovenous malformations (AVMs) and
telangiectasias can develop. These vascular abnormalities can
affect blood flow within the liver and lead to complications.
5. Liver Involvement in HHT:

» Liver involvement in HHT can vary widely among
individuals. Some individuals may have significant liver
vascular malformations, while others may have minimal or no
liver-related complications.

« Liver AVMs in HHT can contribute towards shunting of
blood, potentially leading to complications such as high-
output heart failure or portal hypertension.

6. Impact on Liver Function Tests:

« Liver function tests (LFTs) may be influenced by the
presence of liver vascular malformations in HHT. Elevations
in liver enzymes (AST, ALT), alkaline phosphatase (ALP),
and other markers may occur due to liver inflammation,
congestion, or impaired blood flow.
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Liver function test in Cystic Fibrosis-Related Liver
Disease (CFLD)

Cystic Fibrosis-Related Liver Disease (CFLD) is a
complication that can affect individuals with cystic fibrosis
(CF). While CF primarily involves the respiratory system, it
can also impact the liver. Liver function tests (LFTs) are used
to assess liver health and may show abnormalities in
individuals with CFLD. Here's how CFLD may impact liver
function tests [10]:

1. Elevated Liver Enzymes (ALT and AST):

* Role in CFLD: CFLD can lead to inflammation and
damage to the liver cells, leading to increased levels of
alanine aminotransferase (ALT) and aspartate
aminotransferase (AST).

«  Clinical Implications: Elevated ALT and AST levels may
indicate liver injury. Monitoring these enzymes helps assess
the extent of liver involvement in CFLD.

2. Alkaline Phosphatase (ALP):

 Role in CFLD: Elevated ALP levels may suggest
cholestasis (reduced bile flow) due to CFLD-related changes
in the liver.

» Clinical Implications: Elevated ALP levels, along with
other liver function tests, may indicate the presence of CFLD-
related complications.

3. Gamma-Glutamyl Transferase (GGT):

* Role in CFLD: GGT is an enzyme found in the liver.
Elevated GGT levels can occur in CFLD, and it may be
indicative of liver dysfunction.

+ Clinical Implications: Monitoring GGT
provide additional information about liver
individuals with CFLD.

4. Bilirubin:

* Role in CFLD: CFLD can affect bilirubin processing,
potentially leading to elevated levels.

* Clinical Implications: Elevated bilirubin levels may
indicate impaired liver function, and further evaluation may
be needed to determine the cause.

5. Albumin:

* Role in CFLD: CFLD-related liver damage may impact
the synthesis of albumin.

+ Clinical Implications: Reduced albumin levels may
suggest liver dysfunction, and monitoring albumin levels is
important for assessing overall liver synthetic function.

6. Prothrombin Time (PT) and International Normalized
Ratio (INR):

* Role in CFLD: Advanced liver involvement in CFLD
can affect the synthesis of clotting factors, leading to
alterations in PT and INR.

»  Clinical Implications: PT and INR are important markers
for assessing liver synthetic function and may be altered in
advanced stages of CFLD.

It's important to note that not all individuals with CF will
develop CFLD, and the severity of liver involvement can
vary. Regular monitoring of liver function tests is part of the
comprehensive care for individuals with CF to detect and
manage CFLD at an early stage. Imaging studies, such as
ultrasound or elastography, may also be used to assess liver
structure and function in individuals with CFLD. Treatment
strategies may include supportive care and interventions to

levels can
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manage complications associated with liver disease.
Individualized care and close collaboration with healthcare
providers are crucial for effective management and
monitoring of CFLD.

Genetics of Cystic Fibrosis-Related Liver Disease (CFLD)
Cystic Fibrosis-Related Liver Disease (CFLD) is a
complication that can affect individuals with cystic fibrosis
(CF). Cystic fibrosis is primarily caused by mutations in the
CFTR (cystic fibrosis transmembrane conductance regulator)
gene, and CFLD is considered an extrapulmonary
manifestation of CF. The genetic basis of CFLD is closely
tied to the underlying genetic mutations in the CFTR gene.
Here are key points regarding the genetics of CFLD[11]:

1. CFTR Gene Mutations:

*  Primary Gene Involved: The CFTR gene, located on the
long arm of chromosome 7, provides instructions for the
production of the CFTR protein.

* Role in CFLD: Mutations in the CFTR gene lead to
defective or dysfunctional CFTR protein, affecting chloride
transport across cell membranes. This disruption in ion
transport contributes to the characteristic thick and sticky
mucus seen in various organs, including the liver.

2. Genetic Heterogeneity:

*  Numerous Mutations: Over 2,000 mutations in the CFTR
gene have been identified, and the type and combination of
mutations vary among individuals with CF.

+ CFLD Association: Certain mutations in the CFTR gene
have been associated with an increased risk of CFLD.
However, there is considerable genetic heterogeneity, and not
all individuals with CF carrying specific mutations will
develop CFLD.

3. Genotype-Phenotype Correlation:

+  Complex Relationship: The relationship between specific
CFTR mutations and the development of CFLD is complex
and not fully understood.

« Variable Expressivity: The same CFTR mutation can
result in variable disease expression, with some individuals
having more severe pulmonary involvement, while others
may develop CFLD as a prominent feature.

4. Influence of Modifier Genes:

« Impact on Disease Severity: Other genetic factors, often
referred to as modifier genes, may influence the severity and
progression of CF-related complications, including CFLD.

+ Complex Interactions: Modifier genes interact with the
primary CF-causing mutations and contribute to the variable
clinical presentation seen in individuals with CF.

5.  Environmental Factors:

* Role in CFLD Development: In addition to genetic
factors, environmental factors, such as nutritional status,
infections, and inflammatory processes, can influence the
development and progression of CFLD.

+  Gene-Environment Interactions: The interplay between
genetic and environmental factors contributes to the complex
nature of CFLD.

6. Clinical Presentation:

» Variable Expression: CFLD can manifest with variable
severity, ranging from asymptomatic liver abnormalities to
more severe liver disease, including cirrhosis.
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« Age of Onset: The onset of CFLD may vary, with some
individuals developing liver involvement in childhood, while
others may experience it later in life.

Liver function test in Gilbert's syndrome,

In Gilbert's syndrome, liver function tests (LFTs) typically
show elevated levels of unconjugated bilirubin while other
liver function parameters remain within the normal range.
Gilbert's syndrome is characterized by a mild defect in the
enzyme UDP-glucuronosyltransferase, which is responsible
for conjugating bilirubin in the liver. As a result,
unconjugated bilirubin accumulates in the blood, leading to a
condition known as unconjugated hyperbilirubinemia [12]

1. Total Bilirubin:

* Elevated levels of total bilirubin are observed in
individuals with Gilbert's syndrome. This elevation is
primarily due to an increase in unconjugated bilirubin, as the
conjugated fraction remains within normal limits.

2. Conjugated Bilirubin:

» The conjugated bilirubin fraction is typically within the
normal range in Gilbert's syndrome. This is because the
underlying enzymatic defect affects the conjugation of
bilirubin, leading to an accumulation of the unconjugated
form.

3. ALT (Alanine Aminotransferase) and AST (Aspartate
Aminotransferase):

« ALT and AST are enzymes that are released into the
bloodstream when there is liver cell damage. In Gilbert's
syndrome, these enzymes are usually within the normal
range, indicating that there is no significant liver cell damage
or inflammation.

4. Alkaline Phosphatase (ALP):

* ALP is an enzyme produced in the liver and bones. In
Gilbert's syndrome, ALP levels are typically normal, as the
condition does not involve obstruction of bile flow or other
liver-related complications.

5. Albumin and Prothrombin Time (PT):

«  Albumin is a protein synthesized by the liver, and PT is a
measure of blood clotting. In Gilbert's syndrome, levels of
albumin and PT are generally within the normal range,
indicating preserved liver synthetic function.

It's important to note that the primary abnormality in Gilbert's
syndrome is the elevation of unconjugated bilirubin, and the
condition does not lead to liver damage or significant liver
dysfunction. The elevated bilirubin levels in Gilbert's
syndrome are usually mild, and individuals with this
condition do not experience the complications associated with
more severe liver disorders.

Genetics of Gilbert syndrome

The genetic basis of Gilbert syndrome is associated with
mutations in the UGT1A1 gene, which codes for the enzyme
UDP-glucuronosyltransferase 1Al (UGT1A1l). This enzyme
plays a crucial role in the conjugation of bilirubin in the liver,
making it water-soluble for excretion [13]

1. UGT1A1 Gene:

« The UGT1Al gene is located on the long arm of
chromosome 2 (2937.1). It consists of multiple exons that
encode the UGT1Al enzyme, responsible for the
glucuronidation of bilirubin.

2. UGT1Al Enzyme Function:

© 2024, 1JSRBS All Rights Reserved

Vol.11, Issue.l, Feb. 2024

e« The UGT1Al enzyme is involved in the process of
glucuronidation, where bilirubin is conjugated with
glucuronic acid. Conjugation makes bilirubin water-soluble,
allowing it to be excreted from the body.

3. UGT1A1 Gene Variants:

* In Gilbert syndrome, there are variations
(polymorphisms) in the UGT1AL gene that result in reduced
activity of the UGT1AL enzyme. The most common variant
associated with Gilbert syndrome is a dinucleotide repeat
sequence (TA) in the TATA box of the UGT1Al promoter
region, known as the UGT1A1*28 allele.

4. UGT1A1*28 Allele:

« The UGT1A1*28 allele is characterized by an increased
number of TA repeats in the TATA box of the UGT1Al
promoter. This variation leads to decreased transcriptional
activity of the UGT1A1l gene and, consequently, reduced
production of the UGT1A1 enzyme.

5. Autosomal Recessive Inheritance:

+  Gilbert syndrome is inherited in an autosomal recessive
manner. Individuals with Gilbert syndrome typically inherit
two copies of the UGT1A1*28 allele, one from each parent.
6. Homozygous and Heterozygous Genotypes:

* Individuals who are homozygous for the UGT1A128
allele (UGT1A128/UGT1A1*28) have a more pronounced
reduction in UGT1Al activity and may exhibit higher
bilirubin levels.

»  Heterozygous individuals (UGT1A11/UGT1A128) have
one normal UGT1A1l allele and one UGT1A1*28 allele,
resulting in a milder reduction in enzyme activity.

7. Variable Penetrance:

» The severity of Gilbert syndrome can vary among
individuals, even among those with the same UGT1Al
genotype. This variability may be influenced by other genetic
and environmental factors.

6. Conclusion and Future Scope

The exploration of the intricate relationship between genetics
and liver function tests has illuminated a nuanced
understanding of hepatic health. The liver, a central organ in
metabolic regulation and detoxification, is profoundly
influenced by genetic factors that dictate its structure,
function, and response to insults. This comprehensive review
has delved into various genetic aspects of liver diseases,
emphasizing their impact on liver function tests and
diagnostics.

The genetic foundations of hepatic disorders, including
hemochromatosis, Wilson's disease, and alpha-1 antitrypsin
deficiency, illuminate a spectrum of molecular pathways that
can precipitate dysfunction in the liver. Mutations within
distinct genes, such as HFE, ATP7B, and SERPINA1, play
pivotal roles in the etiology of these conditions. The
significance of genetic testing emerges as a crucial diagnostic
and management tool, forming the basis for personalized
treatment strategies tailored to the specific genetic alterations
implicated in each disorder. This paradigm underscores the
pivotal role of molecular genetics in comprehending the
pathophysiology of liver diseases and informs a targeted
approach to their clinical assessment and therapeutic
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interventions.The association between genetics and liver
function is particularly evident in the realm of non-alcoholic
fatty liver disease (NAFLD). This common liver disorder,
influenced by a polygenic landscape, illustrates the interplay
between genetic predisposition and environmental factors.
The review has elucidated how variations in genes related to
lipid metabolism, insulin resistance, and inflammation
contribute to the heterogeneity of NAFLD phenotypes,
influencing the outcomes observed in affected individuals.
Furthermore, the intricate genetics of cystic fibrosis-related
liver disease (CFLD) has been explored. Understanding the
mutations in the CFTR gene and their variable expressivity
sheds light on the complexity of CFLD development. The
review has emphasized the role of modifier genes and gene-
environment interactions in shaping the clinical presentation
of CFLD, reinforcing the importance of a multifaceted
approach to diagnosis and management.

As discussed, Gilbert syndrome is a relatively benign and
common genetic disorder have been discussed. People with
Gilbert syndrome have a mild elevation of bilirubin levels in
their blood, but the condition typically does not cause any
serious health problems.

As we explore the complicated world of liver diseases at the
genetic level, this review emphasizes the importance of
ongoing research to uncover more details. We're still figuring
out many things, and there's a need for more studies.

New technologies, like advanced genetic sequencing, and
personalized medicine methods are showing great potential.
They can help us be more precise in diagnosing liver issues
and improving how we treat them. So, by using these
advanced tools, we hope to better understand and manage
liver diseases, leading to improved ways of helping people
with liver conditions.

In summary, this in-depth review acts as a roadmap for
doctors, researchers, and healthcare professionals as they
explore the connection between genetics and liver function
tests. By uncovering the intricate details at the molecular
level, we move towards a more personalized and precise way
of diagnosing, managing, and preventing liver disorders. This
progress aims to enhance patient outcomes and contribute to
better overall liver health care.
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