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ABSTRACT

Despite being uncommon on its own, rare diseases pose serious problems for patients, healthcare systems, and pharmaceutical
research when taken as a whole. Three different rare genetic disorders—Gaucher disease, Noonan syndrome, and Laron syndrome—
are examined in this article. A lack of the glucocerebrosidase enzyme causes Gaucher disease, which causes fatty substances to build
up in different organs. Noonan syndrome, a RAS opathy caused by mutations in the RAS/MAPK signaling system, manifests as a variety
of symptoms, such as developmental delays, heart problems, and unique facial traits. Laron syndrome causes short height and
metabolic problems due to growth hormone insensitivity. Examining the illnesses' epidemiology, pathophysiology, clinical
manifestations, diagnostic methods, and therapeutic approaches, the overview underscores the intricacies and continuous progress
in the field of rare disease research and therapy.
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INTRODUCTION

rphan diseases, often known as rare diseases,

present serious difficulties for patients and the

pharmaceutical industry. Even though each of
these illnesses is uncommon on its own, together they
affect millions of individuals globally. The situation is made
more difficult by the absence of a single, globally recognized
definition that is consistent across nations.

The tiny patient population for uncommon diseases is one
of the main obstacles to discovering treatments for them.
Pharmaceutical firms may be discouraged from investing in
research and development due to the limited market size,
as the high expenditures associated with it may not be
justified by the possible financial rewards. Furthermore, it
can be quite challenging to get participants for clinical
studies, which makes it more difficult to collect enough data
to warrant regulatory approval.

Furthermore, nothing is known about the fundamental
causes and mechanisms of a great deal of rare disorders.
Finding suitable objectives for clinical trials and creating
focused medicines may be difficult due to this lack of
scientific understanding. The difficulties encountered in
medication development can be exacerbated by the
intricacy of these disorders, which frequently call for
creative solutions and specialist knowledge.

Despite these challenges, tremendous strides have been
made recently because of developments in personalized
medicine, genetic research, and patient-researcher
collaboration with pharmaceutical corporations. In order to
guarantee that people with uncommon diseases have
access to efficient and reasonably priced therapies, there is
still more work to be done.

There are particular difficulties in choosing the right clinical
trial objectives for uncommon disorders. The discovery of
relevant metrics of therapy effectiveness can be impeded
by a number of factors, including small patient groups,
various disease presentations, varying disease progression
rates, and a lack of scientific understanding.

Regulatory bodies may encourage the use of diagnostics or
surrogate endpoints and recognize the need to accelerate
drug development for uncommon diseases. When standard
endpoints are unavailable or inconvenient, these substitute
measurements may be useful. Researchers may be able to
expedite the assessment of novel treatments by utilizing
surrogate endpoints, which are oblique measurements of
clinical benefit, or biomarkers, which are biological
indications of disease activity.

To guarantee these alternative endpoints' dependability
and applicability to the intended patient population, it is
imperative to thoroughly verify them.

The Impact of Rare Disease —

Patients and families: Patients and their families may have
financial, emotional, and physical hardships as a result of
rare diseases, which can have a significant influence on their
life.

Healthcare systems: The identification and treatment of
uncommon diseases might be difficult for these systems to
handle because they call for specific knowledge and
funding.

Research & development: Because rare diseases have small
patient populations and few financial incentives,
developing novel medicines for them can be difficult.

Taking on the problems posed by rare diseases:
Despite these obstacles, there has been a notable
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advancement in our knowledge of and ability to treat rare
diseases in recent years. The lives of those impacted by
these disorders are being improved by researchers and
healthcare professionals through developments in
customized medicine, genetic research, and cooperative
initiatives.

The following are some essential tactics for overcoming
the difficulties presented by rare diseases:

Enhanced knowledge: Increasing knowledge about
uncommon illnesses can aid in better early detection and
treatment accessibility.
Supporting for research: Improving patient outcomes
requires supporting research into the origins, identification,
and management of uncommon diseases.
Patient advocacy: When it comes to fighting for the
interests and rights of people with rare diseases, patient
advocacy groups can be quite helpful.

GAUCHER DISEASE
Introduction

A genetic condition known as Gaucher disease is brought on
by a glucocerebrosidase enzyme deficiency. This enzyme is
essential to the body's breakdown of fatty compounds.
These fatty compounds (glucocerebroside) accumulate in
the liver, spleen, and bone marrow when it is absent or
malfunctioning.

Glucocerebroside buildup causes a number of issues, such
as:

¢ Spleen and liver enlargement: The function of these
organs may be impacted by their enlargement.

e Bone problems: These are frequently the initial
indications of a disease. They may consist of bone death,
fractures, and discomfort.

Essentially, Gaucher disease is a hereditary disorder that
mostly affects the liver, spleen, and bones due to an
accumulation of fatty substances caused by an enzyme
malfunction ! Click or tap here to enter text.. This
accumulation happens as a result of the body's insufficient
levels of two vital substances: the helper protein saposin C
and the enzyme glucosylceramidase. Together, these two
aid in the breakdown of glucosylceramide, a fatty material.
This fatty material builds up in cells, primarily immune
system cells, when they malfunction 2.

Gaucher was the first to recognize and characterize
aberrant cells in the spleen of individuals suffering from the
illness that would subsequently bear his name. These are
fatty substance-filled macrophages, now called Gaucher
cells 3.

A class of hereditary illnesses known as lysosomal storage
diseases (LSDs) are brought on by lysosomal storage
defects. Cells include microscopic organelles called
lysosomes that digest out waste materials.

What takes place in LSDs?

¢ Enzyme deficiency: The majority of the time, LSDs are
caused by the body not having an enzyme that is necessary
for breaking down particular drugs.

¢ Build-up: These compounds accumulate in the cells and
harm them when the proper enzyme isn't present.

¢ Transport problems: The transporters that remove trash
from lysosomes might occasionally cause problems instead
of the enzymes.*

2. Epidemiology

Approximately 1 in 75,000 individuals have the rare genetic
condition known as Gaucher disease. It results from a
deficiency in glucocerebrosidase, an enzyme that is present
in lysosomes. The accumulation of fatty materials in the
body is caused by this enzyme deficiency.’

3. Pathophysiology
3.1. Accumulation of Glucosylceramides

A glucocerebrosidase enzyme deficiency leads to the
metabolic illness known as Gaucher disease. The
breakdown of this enzyme is necessary for the metabolism
of glucocerebroside, a material that resembles fat.
Glucocerebroside accumulates in the body when the
enzyme is lacking, mostly in the liver, spleen, and bone
marrow. The appearance of Gaucher disease-affected cells
is distinct. Within, there are structures known as "Gaucher
cells" that house tiny, tube-shaped compartments. When
isolated, glucocerebroside, the chemical that is producing
this accumulation, also has a similar tubular form. When
processed with specific procedures, these tubes become
apparent, even if they are hard to see in typical tissue
samples ©. The bone marrow is the main organ affected by
Gaucher disease. Here, aberrant, fatty-filled cells known as
"Gaucher cells" build up and displace healthy bone marrow
cells.

3.2. Phenotypes of Gaucher disease

A defective gene that causes dangerous fats to accumulate
in the body is the cause of type 1 Gaucher disease (GD1).
Problems with organs, blood cells, and bones result from
this accumulation. By eliminating a different gene involved
in fat digestion, researchers have been able to alleviate the
symptoms in mice carrying the GD1 mutation. Additionally,
they found evidence that a certain molecule that resembles
fat may be involved in bone loss in GD1 patients.”

A highly rare and severe variant of the ailment known as
type 2 Gaucher disease begins during the first six months of
life. Babies of this type suffer from severe brain disorders
like convulsions and muscle stiffness, as well as generalized
issues like enlarged livers and spleens. Unfortunately,
there's no effective treatment, and most children with this
type don't survive past the age of two.!

Compared to Type 2, Type 3 Gaucher illness is less severe,
allowing people to live past their early years. These people
nevertheless continue to have neurological issues 2. A
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complicated disorder with a broad spectrum of symptoms
is GD3. Patients can endure modest to severe physical
symptoms and varied degrees of neurological disorders.
Two primary subtypes exist:

¢ Type 3a: This refers to a neurological disorder known as
progressive myoclonic epilepsy together with less severe
bodily symptoms.

e Type 3b: This includes more serious physical issues
together with oculomotor apraxia ° a neurological

condition that affects eye movement.

Gaucher Disease - a phenotypic continuum

Type 2

Type 1
A.ymptomaﬁcT A
Skeletal disease - *
drops
Visceral disease 'y.u"‘
2° neurologic Congenital
involvement icthyosis
Parkinsonian Progressive
manifestations neurologic
degeneration
Hydrocephal X
c:rdlacpvaalvue. hﬂeycl»lca,onlc
calcifications P psy

Patients with Gaucher disease can have a spectrum of symptoms,

Eye movement

disorder

ranging

from mild to severe neurological effects. The classic categories of types
I, 2 and 3 have blurry edges along this continuum.

Figure 1: Gaucher Disease symptoms

Table 1: Phenotype of Gaucher Disease

Type Symptoms

Type 1 Enlarged liver, spleen, and bone problems

Type 2 Severe brain issues, seizures, muscle
stiffness, enlarged liver and spleen

Type 3 Neurological complications, including
progressive  myoclonic  epilepsy or

oculomotor apraxia

4. Clinical Presentations

Clinically, Gaucher illness is characterized by a broad
spectrum of phenotypic diversity, manifesting as anything
from death in pregnancy to asymptomatic elderly people.
Traditionally, the condition has been classified into three
sorts, depending on the frequency and the existence of
development of the neurological symptoms. Type 1 non-
neuronopathic Gaucher disease is by far the most prevalent.
On the other hand, type 2 of acute neuronopathic Gaucher
disease is more usual; it begins within a few months of birth
and causes a rapidly worsening neurologic deterioration.
There are numerous signs and symptoms associated with
type 3 chronic neuronopathic Gaucher disease. *°

4.1. Type-1 Gaucher Disease

The most prevalent type of Gaucher disease, which affects
90-95% of people in North America and Europe, is type 1.
This type does not cause neurological issues in its members.
Clinical representation can range greatly, from early-life
severe symptoms to no discernible problems. Gaucher
disease is typically identified in patients between the ages
of 10 and 20. For individuals with Gaucher disease type 1,
the ICGG Gaucher Registry records vital information about
them, such as the date of diagnosis, the size of their spleen

Severity Survival Rate

Mild to moderate Generally good

Severe Poor (most children do
not survive past age 2)

Variable (mild to Varies

severe)

and liver, the state of their blood, and the state of their
bones . Prior research on adult patients with Gaucher

disease was conducted. Though many persons with the
syndrome are known to develop it in childhood, there was a
lack of information regarding particular cases involving
youngsters. This new study uses data analysis from a large
number of pediatric patients to better understand the signs
and course of Gaucher disease 2.

Figure 2: Type 1 Gaucher disease
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4.2. Type-2 Gaucher Disease

A rare and severe form of Gaucher disease, type 2 affects
kids between three and six months of age. It affects the
nerve system as well as the body, leading to symptoms like
neck and body stiffness, trouble swallowing, and problems
with the muscles in the eyes. These symptoms are good
markers of this illness, as are other symptoms including stiff
muscles and a tight jaw. These babies experience severe
feeding issues, respiratory distress, and developmental
delays. Seizures, an enlarged spleen, and low blood platelet
counts are common symptoms. Regretfully, children

suffering from this illness usually do not live past the age of
two (3) . Type 2 Gaucher disease babies frequently have
unique facial traits. These include petite noses, extremely
large eye spacing, and atypical ear shapes. These face
features are frequently linked to various health issues like
weak muscles and tight joints. 3

Figure 3: Type 2 Gaucher Disease
4.3. Type-3 Gaucher Disease

Gaucher disease type 3 is a more complicated but less
severe variation of the illness. It impacts the nervous system
as well as the body, in contrast to Type 1. Symptoms can
range widely, ranging from mild to severe. While some Type
3 sufferers primarily deal with physical symptoms similar to
those observed in Type 1, others face neurological concerns
like seizures, trouble moving, or trouble thinking. These
neurological symptoms might deteriorate with time and
frequently start out slowly 3.

4.4. Skeletal manifestations of Gaucher disease

Gaucher disease frequently causes bone issues. They have a
substantial effect on a patient's quality of life even if they
are not usually connected to the intensity of other
symptoms. Although the precise origins of these bone
problems are yet unknown, a number of variables, such as
aberrant cell accumulation in the bone marrow, low bone
density, inadequate blood supply to the bones, and slowed
bone repair, are probably involved. Pain, fractures, and

other consequences may result from these issues *. Gaucher
disease causes a variety of bone issues. Bone problems can
occur in persons even in the absence of other symptoms or
overt indications of the disease. It is essential to assess the
health of the bones in all newly diagnosed individuals. The
largest database on Gaucher disease patient bone issues has
been compiled by the Gaucher Registry.

Numerous bone issues can arise from Gaucher disease.

¢ Osteomyelitis: An infection of the bone that needs to be
treated right away.

¢ Erlenmeyer flask deformity: Usually asymptomatic, this is
a broadening of the ends of several bones.

e Osteopenia: Reduced bone mass, which raises the
possibility of fractures.

¢ Osteosclerosis: An abnormal hardening of the bone tissue
that is frequently painful.

* Osteonecrosis: A very painful and incapacitating disorder
when bone tissue dies from a lack of blood supply.

Imaging methods such as MRl and X-rays can identify certain
bone issues 4.

5. Diagnosis of Gaucher disease

Gaucher disease patients frequently receive a diagnosis
years after the onset of symptoms. Due of their tendency to
develop gradually, uncommon diseases frequently have this
problem. Sometimes the diagnosis of Gaucher disease is
made while looking into other illnesses. Gaucher cells may
be discovered through tests, for instance, if there are
anomalous blood cell counts or if the liver or spleen are
enlarged.

Doctors analyse the activity of a specific enzyme (acid B-
glucosidase) in skin or blood cells to confirm the diagnosis.
Genetic testing for the GBA gene may occasionally reveal
additional details on the particular form of Gaucher
disease®®.

5.1. GCase Activity

Confirming a GCase enzyme deficiency is a necessary step in
the diagnosis of Gaucher disease. Testing on cultured skin
cells or blood cells can be used for this. Dried blood spots
are used in a simple but less precise approach. Although it
requires more validation, flow cytometry examination of
blood monocytes is a more dependable choice.

Testing for saposin C deficiency should be taken into
consideration in rare instances where GCase levels are
normal but additional data points to Gaucher disease,
particularly when chitotriosidase levels are quite high. The
PSAP gene is examined in order to diagnose this illness.

In general, a number of tests as well as a thorough
assessment of the symptoms, blood markers, and genetic
variables are needed to diagnose Gaucher disease 3.
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5.2. Mutations and Polymorphism-Defined Mutations

Patients suffering from Gaucher illness have been shown to
have over 300 distinct genetic variants. The disease may
result from these mutations altering the GBA gene's
structure or function. Recombination with a nearby
comparable gene results in some of these mutations.
Gaucher disease diagnosis requires locating these
mutations.

Initially, a small number of known mutations were found by
scientists using a technique called PCR. For Ashkenazi Jewish
patients, this worked well; for other patients, particularly
those with more severe manifestations of the condition, it
did not work as well.

Gaucher patients now have many more mutations identified
thanks to advances in sequencing technologies. This has
increased the disease's diagnostic accuracy, especially in
populations that are not Jewish °.

6. Treatment of Gaucher disease

While some people with Gaucher disease require
treatment, continuous monitoring is necessary for others.
After treatment begins, it typically lasts a lifetime. Enzyme
replacement therapy (ERT) and substrate reduction therapy
(SRT) are the two primary strategies. The goal is to begin
treatment before to the onset of serious complications,
which may include liver and lung damage, an enlarged
spleen, bone issues such as necrosis and fractures, and
other incapacitating illnesses.

¢ Enzyme replacement treatment (ERT): This involves
intravenous infusions to replace the absent enzyme. This is
the most popular treatment for Gaucher disease and is
useful in lowering the accumulation of toxic chemicals in the
body.

ERT has significantly improved the lives of many patients
and transformed the treatment of Gaucher disease.

After ERT

Figure 4: Enzyme Replacement Therapy

Currently, imiglucerase, velaglucerase alfa, and
taliglucerase alfa are the available ERT choices. These

treatments function by replenishing the deficient enzyme
and minimizing the accumulation of toxic materials within
the body.

The visceral features of Gaucher disease type 1, such as an
enlarged liver and spleen and low blood cell counts, have
been demonstrated to respond very well to ERT.

e Substrate reduction therapy (SRT): This entails taking
drugs that prevent the accumulation of the material
associated with Gaucher disease. Although this treatment is
more recent, it has had encouraging outcomes in slowing
the disease's progression.

The patient's age, general health, and the severity of the
disease all influence the treatment plan that is selected. To
evaluate the efficacy of treatment and identify any new
problems, routine monitoring is necessary 3.

NOONAN SYNDROME
1. Introduction

A hereditary disorder called Noonan syndrome affects
several bodily components. Individuals with Noonan
syndrome frequently have characteristic facial traits, like
low-set ears, a tiny chin, and wide-set eyes. They might also
be low in size, have learning challenges, and endure
developmental delays. Furthermore, congenital heart
problems such as hypertrophic cardiomyopathy, atrial
septal defects, and pulmonary stenosis are common in
people with Noonan syndrome. Because of the autosomal
dominant pattern of inheritance, an individual only requires
one copy of the mutant gene to get ill. Noonan syndrome is
thought to affect between 1in 1000 and 1 in 2500 persons?®.

Dr. Jacqueline Noonan initially reported nine individuals
with a range of symptoms, including heart issues, low
stature, strange facial features, intellectual incapacity,
droopy eyelids, undescended testes, and skeletal anomalies
in 1963. This was the first description of the condition. One
essential signaling system that aids in cell communication
and response to outside stimuli is the RAS-MAPK pathway.
This pathway, which is important in controlling cell growth,
development, survival, and metabolism, is triggered by a
variety of chemicals, including growth factors, cytokines,
and hormones.

Put another way, it can be likened as a network of
communication that exists within cells, facilitating the
reception and processing of external messages. For cells to
operate normally, this route is necessary . A class of
developmental ilinesses known as RASopathies is brought
on by mutations in the genes that regulate the RAS/MAPK
signaling pathway. The growth and development of cells
depend on this route. More than 20 genes have been
connected to RASopathies thus far.

RASopathies, to put it simply, are a group of illnesses
brought on by issues with a certain cellular signaling system.
These factors have an impact on cell growth and
development, which might result in different
developmental diseases. Noonan syndrome and Noonan
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syndrome with multiple lentigines (LEOPARD syndrome) are
two of the most well-known RASopathies. Some
characteristics of these illnesses are similar, including heart
issues, cognitive decline, developmental delays, and an
elevated risk of cancer 8. SHP2 gene mutations are the main
cause of the RASopathies Noonan syndrome and Noonan
syndrome with multiple lentigines. SHP2 is a protein that is
present in mitochondria and is implicated in the RAS/MAPK
signaling pathway.

Cells' energy-producing powerhouses are called
mitochondria. Reactive oxygen species (ROS), which they
also produce, have the potential to impact organ
development. It is unclear how SHP2 interacts with
mitochondria and how this influences the generation of ROS
and the development of organs.

SHP2 can interact with elements of the mitochondrial
oxidative phosphorylation (Ox Phos) pathway, according to
the study. This implies that SHP2 might be involved in
controlling how well mitochondria function and how much
energy they produce *°.

1.1 The RAS/MAPK Pathway

One signaling mechanism that aids in cell communication
and response to outside stimuli is the RAS/MAPK pathway.
It is essential to the development and proliferation of cells.
Disruption of this route can result in various health issues,
including cancer.

Numerous disorders can result from mutations in the
RAS/MAPK pathway-related genes. These mutations can
impact many tissues and organs and can be inherited or
acquired.

The following are a few disorders linked to RAS/MAPK
pathway mutations:

e Cancer: Numerous cancer forms, such as lung, colon, and
pancreatic cancer, have mutations in the RAS gene.

¢ RASopathies: More than 400,000 Americans suffer from
this category of developmental abnormalities.

¢ Neurological disorders: Autism and other neurological
problems have been linked to abnormal RAS activity.

A family of genes known as the RAS gene family regulates
the proliferation of cells. Mutations in any of the four RAS
genes—HRAS, NRAS, and the two splice variants of KRAS,
KRAS4a and KRAS4b—can result in cancer and
developmental abnormalities. These genes share a similar
structure, yet they also contain some unique characteristics.

Signals received from sources outside the cell activate the
RAS genes. Growth factors, which attach to particular cell
surface receptors, are the source of these signals. The RAS
genes become active and stimulate cell growth in response
to the activation of these receptors 7.

1.2. Noonan Syndrome (NS) and Noonan Syndrome with
Multiple Lentigines (NSML)

A moderately common genetic disorder, Noonan syndrome
affects 1 in 2000—2500 babies. Dr. Jacqueline Noonan gave
the initial description of it in 1963. Because this ailment is
inherited in an autosomal dominant form, an individual only
has to have one copy of the mutant gene 8. Numerous
physical characteristics, such as peculiar facial traits, cardiac
issues, small stature, developmental delays, undescended
testes, and an elevated risk of blood illnesses and hormone
imbalances, are associated with Noonan syndrome.

Diagnosing Noonan syndrome can be challenging due to its
resemblance to other genetic diseases and the wide variety
of genetic mutations that can cause it. This is particularly
true for those who don't show all of the typical symptoms
or weaker symptoms of the illness %. The PTPN11 gene is
frequently mutated in order to generate Noonan syndrome
and Noonan syndrome with multiple lentigines (LEOPARD
syndrome). These disorders can also result from mutations
in other genes, like RAF1 and BRAF. These illnesses have
some similarities but also differ greatly, which can be
attributed to the enormous variation in the individual
genetic alterations.

A variety of symptoms are shared by LEOPARD syndrome
and Noonan syndrome. These include of odd facial traits,
cardiac issues, developmental delays, and a higher chance
of developing specific illnesses. On the other hand, many
lentigines (little brown patches on the skin), café-au-lait
spots, and an increased risk of cardiac issues and hearing
loss are characteristics of LEOPARD syndrome &,

2. Natural history

For an average of 12 years, 112 people with Noonan
syndrome were followed up on in this study. At the time of
evaluation, the majority of participants were adults, with an
average age of 25.3 years. The long-term health results of
these people were the main focus of the investigation.

Important conclusions:

¢ Height: Adults who have Noonan syndrome are often
smaller than usual in height. Women were typically 1.53
meters (5 feet 0 inches) tall, compared to men's 1.70 meters
(5 feet 7 inches).

¢ Developmental delays: Language development and
academic achievement were often delayed in those with
Noonan syndrome.

e Cardiac issues: A considerable proportion of patients
experienced cardiac issues, such as hypertrophic
cardiomyopathy and pulmonary stenosis. These issues raise
the possibility of mortality and may necessitate continuing
medical care.

¢ Additional health concerns: Blood clots, thyroid disorders,
and diabetes were among the other health difficulties
associated with Noonan syndrome patients.
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e Mortality: Heart issues were among the many reasons of
death in the study, accounting for 9% of the total deaths.

The research additionally furnished details regarding the
particular obstacles encountered by persons with Noonan
syndrome:

¢ Food issues: A number of infants with Noonan syndrome
had food issues throughout infancy, which may have
contributed to their delayed growth and development.

o Difficulties in the classroom: A considerable portion of
people with Noonan syndrome needed extra help in the
form of tutoring or specialized education.

¢ Employment: A lot of people with Noonan syndrome are
successful in their employment in spite of the difficulties
they encounter. Sixty percent of the people in this sample
who were out of school worked full-time.

All things considered; this study offers insightful data
regarding the long-term health consequences of people
with Noonan syndrome. It emphasizes how crucial it is for
these people to receive ongoing medical care, especially in
light of their heart health. The research also highlights the
need for more assistance in fields like work and education?®.

3. Functional and Pathophysiological Effects of NS and
NSML Mutations on Mitochondria and Energy Metabolism

3.1. PTPN11/SHP2

Protein SHP-2 is present in all tissues and cells. Its structure
is comparable to that of another protein known as SHP-1.
Both proteins start out with two SH2 domains and finish
with a phosphatase domain.

These proteins bind to other proteins with the aid of SH2
domains. The phosphatase domains of SHP-2 and SHP-1 are
activated when these domains attach to particular locations
on other proteins. These proteins' activation enables them
to strip other proteins of their phosphate groups,
potentially altering the function of those other proteins.

SHP-1 and SHP-2 are often not particularly active. This is
because their SH2 domains are inhibiting their action. These
domains become more active when they attach to other
proteins. This shows that SHP-2 and SHP-1 can change their
structure and become more active through the binding of
SH2 domains to other proteins.

SHP2 mutations have the ability to boost the protein's
activity. This may result in issues with cell signaling and
accelerate the onset of illness. For instance, SHP2 activity is
increased ten-fold by the D61G mutation and twenty-fold by
the D61Y mutation. These mutations have been linked to a
variety of illnesses, such as leukemia and Noonan syndrome.
Microbiota also contains SHP2. This implies that it might
serve further purposes in these structures that produce
energy'®.

3.2. KRAS and NRAS

KRAS, NRAS, and HRAS are the three primary members of
the RAS gene family. These genes play a role in controlling

the division and proliferation of cells. Numerous health
issues, such as Noonan syndrome and cardiofaciocutaneous
syndrome, can result from mutations in these genes.

The conversion of GDP to GTP activates RAS proteins. The
GEFs and GAPs control this process. Upon activation, RAS
proteins engage in protein-protein interactions to trigger
signaling pathways that regulate several physiological
functions, including cell proliferation.

Certain proteins can stay perpetually active because to
mutations in the RAS genes. This may result in unchecked
cell proliferation and exacerbate illnesses including cancer
and developmental problems 2°. KRAS gene mutations are
comparatively uncommon in  cardiofaciocutaneous
syndrome and Noonan syndrome. They are frequently
linked to severe symptoms when they are present. Even
those who share the same KRAS mutation, however, exhibit
a wide spectrum of symptoms, underscoring the intricacy of
the ways in which these mutations impact development.

KRAS mutations contribute significantly to the onset and
severity of these illnesses, even though they are less
frequent than mutations in other genes, such PTPN11.
Moreover, family planning and genetic counselling may be
affected by the discovery of KRAS mutations in these
illnesses 2%, The protein's function is impacted by mutations
in the KRAS gene that result in cardiofaciocutaneous
syndrome and Noonan syndrome.

3.3.50s1

The RAS protein, which is essential for cell growth and
development, is regulated by the gene SOS1.
Developmental abnormalities such as Noonan syndrome
can be caused by mutations in SOS1.

The PH domain, the REM domain, and the Cdc25 domain are
among the areas of the protein that are impacted by the
bulk of SOS1 mutations. These mutations have the potential
to change the protein's structure and function, which would
boost the RAS protein's activity.

People who have mutations in SOS1 typically exhibit a
unique set of symptoms. In addition to the typical aberrant
growth of skin and hair, these patients may also exhibit
milder cognitive abnormalities and facial features
resembling those of cardiofaciocutaneous syndrome.

SOS1 mutations contribute significantly to the onset and
severity of these illnesses, even though they are less
frequent than mutations in other genes, such PTPN11.
Given the wide range of symptoms seen in people with KRAS
mutations, more research is necessary to determine the
precise pathways via which these mutations contribute to
the development of cardiofaciocutaneous syndrome and
Noonan syndrome.

In summary, cardiofaciocutaneous syndrome and Noonan
syndrome are largely caused by mutations in SOS1.
Numerous developmental issues, such as irregular skin and
hair growth, cognitive impairments, and cardiac
malformations, can result from these mutations. Even
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though the precise processes via which SOS1 mutations
cause these disorders are not entirely understood, current
studies are giving important new information on how this
gene functions in human development and illness 2°.

3.4.CBL

One gene that controls cell division and proliferation is
called CBL. Numerous disorders, including Noonan
syndrome, can result from mutations in CBL.

A protein that aids in the breakdown of other proteins is
encoded by CBL. Cell signaling regulation depends on a
process known as ubiquitination. This mechanism can be
hampered by mutations in CBL, which can result in aberrant
cell proliferation.

PI3K/AKT is one of the signaling pathways in which CBL is
engaged. The growth and survival of cells depend on this
route. This system may be disrupted by mutations in CBL,
which could result in unchecked cell proliferation and aid in
the onset of illnesses. More recent studies indicate that CBL
may be more crucial to cell function than previously
believed. This is due to the fact that CBL regulates more than
simply receptor tyrosine kinases; it is engaged in a greater
variety of cellular functions. These results emphasize the
role of CBL in healthy development as well as the possible
repercussions of CBL dysfunction 2°.

4. Diagnosis

A genetic condition called Noonan syndrome is typified by a
range of physical characteristics. Though some of these
characteristics may last into maturity, newborns and early
children have the greatest visibility of them.

Facial features:

e large head with a small face

o Wide-set eyes

e Droopy eyelids

e low-set ears

e Short neck with excess skin

e  Fulllips

e  Prominent nasolabial folds in adults
Body features:

e  Pectus carinatum (chest protruding outward)

e  Pectus excavatum (chest caving inward)

e  Wide-spaced nipples

e Rounded shoulders

e Scoliosis

e Joint contractures

e Abnormal forearm carrying angles

-_—

~r”

o,

Figure 5: Pectus excavatum
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Figure 6: Pectus carinatum
Other features:
e Heart problems
e Developmental delays
e Learning difficulties
e Short stature
e  Blood clotting problems

Early diagnosis of Noonan syndrome is crucial since it can
lead to better results from treatment. Physical therapy for
developmental delays, medicines to treat other symptoms,
and surgery for heart problems are possible forms of
treatment 22,

5. Clinical features
5.1. GROWTH

Usually, newborns with Noonan syndrome are of average
size. Nonetheless, individuals could appear heavier because
of extra fluid in their bodies. Children with Noonan
syndrome typically grow slower than average as they get
older. They might also develop their bones more slowly than
anticipated. While Noonan syndrome patients often have

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

117


http://www.globalresearchonline.net/
http://www.globalresearchonline.net/

Int. J. Pharm. Sci. Rev. Res., ISSN: 0976 — 044X, 85(6) — June 2025; Article No. 17, Pages: 110-122

DOI: 10.47583/ijpsrr.2025.v85i06.017

normal growth hormone levels, some may also have slightly
raised levels of somatomedin, a growth factor.

Furthermore, more specific information regarding the
differences in growth patterns between boys and girls with
Noonan syndrome has been made available by recent
studies. Healthcare professionals can use this information to
keep an eye on the development of kids with Noonan
syndrome and to intervene appropriately when needed.

It's crucial to remember that people with Noonan syndrome
can still grow to a normal adult height even though their
growth may be delayed. To guarantee the best results,
however, early intervention and growth monitoring are
essential 23,

5.2. CARDIAC

Heart issues are common in those who have Noonan
syndrome. Persistent ductus arteriosus, ventricular septal
defect, asymmetrical septal hypertrophy, atrial septal
defect, and pulmonary valvular stenosis are examples of
common defects. Single ventricle, Ebstein's abnormality,
mitral valve prolapses, and pulmonary artery branch
stenosis are other less frequent abnormalities.

Large Q waves, a negative pattern in the left precordial
leads, a large QRS complex, and a left axis deviation can all
be seen on an ECG. These results point to a cardiac problem,
but more testing could be required to identify the precise
kind of malfunction.

Heart issues in Noonan syndrome must be managed with
early diagnosis and care. Surgery, medicine, or a
combination of the two may be used as a form of treatment.
Seeing a cardiologist on a regular basis is crucial for tracking
the state of the heart and making any therapy
adjustments?*.

) Pulmonic
4 stenosis

X

Ventricular septal
defect

Figure 7: Pulmonic stenosis & Ventricular septal defect
5.3. SKELETAL

A number of physical characteristics, such as skeletal
abnormalities, deformities of the chest, and abnormalities
of the face, are indicative of the genetic disorder Noonan
syndrome. Among the salient characteristics are:

¢ Chest deformities: Pectus carinatum, pectus excavatum,
wide-set nipples, rounded shoulders.

* Face features: High forehead, prominent widow's peak,
low-set ears, short neck, wide-set eyes, large lips, and a
triangular face shape in adolescence and adulthood.

o Skeletal anomalies: improper forearm carrying angles,
joint contractures, scoliosis, abnormalities of the vertebrae
or sternum, and malocclusion of the teeth 23.

Laron Syndrome
Introduction

An uncommon genetic condition called Laron syndrome
(LS), sometimes referred to as primary growth hormone
(GH) insensitivity, is typified by a malfunction in the body's
response to GH. The growth hormone receptor (GH-R) gene
abnormalities that underlie this disorder result in an
insensitivity to GH and an inability to engage the signaling
pathways that GH typically triggers.

The pituitary gland produces growth hormone (GH), a vital
hormone that controls metabolism, growth, and other
bodily physiological functions. In order to produce insulin-
like growth factor 1 (IGF-1), a crucial mediator of GH's
functions, it first binds to the GH receptor (GH-R) on cell
surfaces, which subsequently triggers downstream signaling
pathways. GH is present in sufficient or even high levels in
people with Laron syndrome, but its effects are not
adequately mediated by the faulty GH receptors, which
results in a lack of IGF-1 synthesis. Consequently, GH's
normal growth-promoting effects are significantly
compromised.

Due to stunted growth, Laron syndrome is characterized by
small stature, which is noticeable in early childhood. Despite
the growth limitations, the condition also manifests
clinically as distinctive facial traits, delayed bone growth,
and normal cerebral development.

Laron syndrome is a distinct kind of growth hormone
resistance that sheds light on the intricate processes
governing growth control as well as the function of IGF-1
and GH in human development. Improved treatment
strategies, such as IGF-1 replacement therapy, which avoids
the faulty GH receptor and treats the growth shortage
directly, have also resulted from a better understanding of
the disorder's genetic foundation and molecular causes .

In 1958, three children from a consanguineous Jewish
Yemeni immigrant family were brought to the clinic because
they had a history of hypoglycemia and dwarfism. A large
forehead, tiny facial features, sparse or thin hair, obesity,
and underdeveloped genitalia (hypogenitalism) were
among the physical traits that set these kids apart. They
looked like youngsters with **congenital isolated growth
hormone deficiency (IGHD)**, a disorder in which the body
produces insufficient amounts of growth hormone (GH),
which results in stunted growth and development 26,

The physicians discovered that these patients had
abnormally high levels of growth hormone in their blood,
even at baseline, with the levels rising much more while
they slept, using a recently created radioimmunoassay
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designed especially for human growth hormone (hGH). This
result showed that although the patients were
overproducing growth hormone, the hormone was not
having its typical growth-promoting effects. As a result of
this observation, a novel genetic disease that was inherited
in an autosomal recessive fashion and connected to growth
hormone production and/or action was discovered. Similar
cases were recorded in other countries after the first results.
Originally known as "Laron type dwarfism," the disorder was
subsequently dubbed Laron Syndrome 2°.

We first looked at two possible causes for this novel illness:

(a) the existence of a faulty hGH molecule with no biological
activity

(b) a disorder where the body does not react to hGH
correctly, resulting in resistance to its effects.

Figure 8: Lateral view of a 3 year old boy with Laron
Syndrome, showing the typical. facial features; frontal
bossing, spanse hair, saddle nose, small chin

2. Etiology

In order for Laron Syndrome to appear, a person must
inherit two copies of the faulty gene, one from each parent.
This is known as an autosomal recessive inheritance
pattern. Laron Syndrome is mostly caused by either
deletions or mutations in the growth hormone (GH)
receptor gene. Impaired growth and other related clinical
symptoms follow as a result of the body losing its sensitivity
to GH stimulation?’. The exons that encode the GH
receptor's extracellular domain contain the majority of the
mutations that have been found thus far. But fewer
mutations have been discovered in the areas that control
the intracellular and transmembrane domains 28,

To date, over 70 distinct mutations have been found. Only
those who are homozygous or compound heterozygous for
certain genetic abnormalities exhibit the Laron Syndrome
(LS) phenotype %°.

3. Primary growth hormone resistance (insensitivity)
3.1. Growth hormone receptor defects

The condition known as Laron-type dwarfism is brought on
by a malfunctioning growth hormone (GH) receptor, which
stops the body from reacting to GH as it should. The GH
receptor gene, located on the short arm of chromosome 5,
is mutated in this disease. Growth failure results from
decreased production of insulin-like growth factor-1 (IGF-1)
due to defective GH signaling caused by this genetic
abnormality?.

Numerous heterozygous mutations have been identified in
patients with Laron Syndrome. Children that are affected
usually show delayed skeletal maturity, markedly reduced
linear growth, and very small height. Underdeveloped facial
bones affect their facial characteristics, and depending on
the degree of GH resistance, craniofacial deformities can
range from modest to quite apparent.

Progressive obesity, which starts in early life, is another
notable feature of Laron Syndrome. An elevated body fat
percentage and a specific buildup of adipose tissue in the
arms are characteristics of this form of obesity .

4. Diagnosis

The diagnosis of Laron Syndrome was established through a
combination of clinical assessment and laboratory
investigations. Clinically, the affected individuals exhibited
characteristic features such as severe short stature,
distinctive facial features, and other symptoms commonly
associated with GH resistance.

The diagnosis is supported by genetic research, left wrist
radiography, basal laboratory testing, IGF-1 generation
testing, standard auxology data, and characteristic somatic
features. A key finding was the presence of abnormally high
serum growth hormone (GH) levels despite the absence of
an appropriate physiological response 3. Normally, GH
stimulates the production of insulin-like growth factor-1
(IGF-1), which is essential for growth and development.
However, in individuals with Laron Syndrome, the GH
receptor is dysfunctional due to genetic mutations,
preventing GH from effectively triggering IGF-1 production.

To further assess GH function, an IGF-1 generation test was
conducted. In this test, recombinant human GH (rhGH) was
administered over several days, and IGF-1 levels were
measured on the fifth day. A poor or negligible increase in
IGF-1 levels (less than 15 mcg/L) confirmed GH resistance,
as the body was unable to respond to GH stimulation
effectively.

The combination of elevated GH levels and a blunted IGF-1
response strongly indicated Laron Syndrome, distinguishing
it from other forms of growth hormone deficiency or short
stature disorders32.

4.1. IGF-1 generation test

IGF-1 and IGFBP-3 levels rise sufficiently in GH insufficiency,
neurosecretory dysfunction, and bio-inactive GH (Kowarski
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syndrome), but not sufficiently in Laron Syndrome and
idiopathic short stature. An IGF-1 generation test is
performed if basal GH is high and IGF-1 is low or normal, or
if two GH stimulation tests show elevated GH levels. GH
resistance, IGF-1 gene defects, ALS deficiency, liver diseases,
malnourishment, and chronic illnesses are some of the
causes that can cause low IGF-1 levels.

There are various IGF-1 generation test procedures, most of
which include administering growth hormone over a few
days and taking blood samples to evaluate IGF-1 and IGFBP-
3. It is anticipated that IGF-1 will increase threefold or
exceed the upper normal limit. Growth velocity and IGFBP-
3 binding are important indicators of GH insufficiency, and
studies reveal differing responses in various patient groups.
It is unclear how sex hormones may affect GH sensitivity
during adolescence; however, the timing of peak IGF-1
levels varies across GH-deficient and control groups 3.

A 7-day testing methodology utilizing both low-dose and
high-dose GH injection was proposed by Buckway et al.
because brief IGF-1 production tests may produce unclear
results and certain patient groups may exhibit overlapping
responses. The high-dose test employs 0.05 mg/kg per day
of GH, whereas the low-dose test uses 0.025 mg/kg per day.
On the eighth day, blood is drawn to determine the levels of
IGF-1. When GH insensitivity is defined as a rise in IGF-1 of
less than 15 ng/ml, there is some overlap between groups
in the low-dose test. But when it comes to identifying GH
insensitivity, IGFBP-3 assays show excellent diagnostic
accuracy, with a 92% specificity and 100% sensitivity 3.

When bio-inactive growth hormone (Kowarski syndrome) is
present, the IGF-1 generation test usually reveals an
increase of about 30 ng/ml for IGF-1 and 400 ng/ml for
IGFBP-3. Conversely, IGF-1 increases by less than 15 ng/ml
and IGFBP-3 stays below 400 ng/ml in patients with Laron-
type dwarfism, indicating far weaker responses.

There is no accepted standard for performing and
interpreting the IGF-1 generation test, despite the fact that
there are several procedures. In the last two years, more
than ten different protocols have been utilized, according to
a poll of members of the European Society for Pediatric
Endocrinology (ESPE). Furthermore, the test's positive
predictive value was modest. Its use in making judgments
about diagnosis and therapy has thus been deemed
restricted .

4.2. Genetic studies

Growth hormone (GH) resistance is the main result of
mutations in the growth hormone receptor (GHR) gene,
which causes Laron syndrome, sometimes referred to as
Laron-type dwarfism. The GHR gene, which has ten exons
and is roughly 87 kilobases long, encodes a transmembrane
protein that is a member of the cytokine receptor family.
Three domains make up this receptor's structure:

1. Extracellular Domain is the domain that binds to GH and
is encoded by exons 2 through 7.

2.Transmembrane Domain: Exon 8 encodes this domain,
which secures the receptor to the cell membrane.

3.Intracytoplasmic Domain: Encoded by exons 9 and 10, this
domain transmits signals inside the cell upon GH binding.

GH resistance can result from mutations that alter the GHR
gene and impair receptor function. Deletions, nonsense
mutations, missense mutations, splice site mutations, and
frameshift mutations are examples of these mutations.
Notably, the pathophysiology of Laron syndrome is
especially affected by mutations in the extracellular domain
that hinder GH binding.

The variety of these mutations adds to the variation in Laron
syndrome patients' clinical presentations. Accurate
diagnosis and possible treatment approaches depend on
knowing the precise genetic changes in the GHR gene
(36,37).

5. Clinical features

Nine children (two girls and seven boys) between the ages
of 2.5 and 11.5 who had been diagnosed with Laron
Syndrome based on clinical examination and diagnostic
investigations were the subjects of a five-year study that ran
from January 2008 to January 2013. Consanguinity, birth
weight, neonatal hypoglycemia, the development of short
height, family history, and any signs of chronic illness or
secondary reasons of growth retardation were among the
many aspects of their medical history that were thoroughly
examined. To evaluate pubertal development, any genital
anomalies, and clinical indicators of growth hormone (GH)
deficiency, a thorough physical examination was
performed. This involved assessing characteristics such the
micropenis, which is characterized as a stretched penile
length that is less than two standard deviations (SD) of the
age-related mean .

A hemogram, renal function tests, and, if required, anti-
tissue transglutaminase IgA were performed to rule out
chronic disease. In the morning, while the patients were
fasting, biochemical tests were conducted. These tests
included thyroid function tests (T3, T4, and TSH) using
chemiluminescence, as well as measures of Insulin-like
Growth Factor-1 (IGF-1) and Insulin-like Growth Factor
Binding Protein-3 (IGFBP-3) using the enzyme-linked
immunosorbent assay (ELISA). ELISA was also used to
measure basal cortisol levels.

To assess GH secretion, a growth hormone (GH) stimulation
test was performed. First, ELISA was used to measure the
fasting serum GH levels in the morning. After that, a dose of
0.15 mg/m? of clonidine was given orally *.

6. Treatment

Since 1986, the sole approved treatment for Laron
syndrome (LS) has been recombinant insulin-like growth
factor 1 (IGF-1) therapy. People with LS have low levels of
IGF-1 because their bodies are unable to respond to growth
hormone (GH) due to a malfunction in the growth hormone
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receptor (GHR). The short stature and metabolic problems
that are typical of LS are caused by this deficit 4°.

Recombinant IGF-1 therapy circumvents the faulty GH
receptor by directly substituting the absent IGF-1. Because
they are unable to respond to GH administration, people
with LS do not profit from it, in contrast to those with
conventional growth problems where GH therapy is
successful. Subcutaneous injections of IGF-1, on the other
hand, promote growth and metabolic processes that GH
would typically control.

Serum levels of growth hormone (GH), growth hormone-
releasing hormone (GHRH), and glucose decreased after a
single bolus dose of IGF-1.

A daily dose of IGF-1 of 150-220 pg/kg body weight, ideally
with the largest meal, produced significant improvements
for long-term treatment. Head circumference showed the
fastest catch-up development, rising from an average of -3.3
+ 0.9 SD to +0.87 + 1.8 SD, suggesting substantial brain
expansion. In contrast to the more rapid linear growth
usually observed in GH-deficient children undergoing GH
therapy, the overall height rise was more moderate .

IGF-1 treatment affected protein metabolism and
decreased blood lipotropin levels. It also promoted
erythropoiesis, which raised hemoglobin levels in the blood.
Moreover, increased serum testosterone concentrations
were linked to IGF-1 treatment %2,

CONCLUSION

Rare disorders like Gaucher disease, Noonan syndrome, and
Laron syndrome face particular hurdles in diagnosis,
treatment, and research. Improving patient outcomes
requires an understanding of the various clinical
manifestations, the molecular and genetic causes, and the
creation of efficient care plans. For those afflicted by these
crippling illnesses, ongoing research developments,
especially in personalized medicine and genetic therapies,
hold out promise for more individualized and efficient
treatments as well as an improved quality of life. To meet
the unmet needs of the rare disease community and
advance rare disease treatment, more advocacy, increased
awareness, and teamwork are still necessary.
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