International Journal of Biomedical Research

CERULOPLASMIN ITS ROLE AND SIGNIFICANCE: A REVIEW

Vinayak Gaware**, Kiran Kotade 2, Kiran Dhamak *, Sachin Somawanshi *

'Department of Pharmaceutical Chemistry, College of Pharmacy Chincholi, Sinnar, Nashik,
M.S, 422101.

?Department of Pharmacology, College of Pharmacy Chincholi, Sinnar, Nashik, M.S,
422101.

*Department of Pharmaceutics, College of Pharmacy Chincholi, Sinnar, Nashik, M.S,
422101.

Corresponding author*: vins_gawarel@rediffmail.com

This article is available online at www.ssjournals.com

ABSTRACT

Ceruloplasmin is a ferroxidase enzyme that in humans is encoded by the CP gene.
Ceruloplasmin is the major copper-carrying protein in the blood and in addition plays a role
in iron metabolism. It is an enzyme synthesized in the liver containing 6 atoms of copper in
its structure. Mutations in the ceruloplasmin gene can lead to the rare genetic human disease
aceruloplasminemia, characterized by iron overload in the brain, liver, pancreas and retina.
The most important clinical application of the ceruloplasmin test is in the diagnosis of
various dreadful diseases like Wilson's disease, copper deficiency syndrome, Menkes kiny
hair syndrome, nephrotic syndromes, malabsorption and with some cases of advanced liver
disease in which decreased level of serum proteins have occurred. Ceruloplasmin is high in
a variety of neoplastic and inflammatory states. The antioxidant effects of ceruloplasmin
could have important implications for various neurodegenerative diseases such as
Parkinson's disease and Alzheimer's disease in which iron deposition is known to occur.
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INTRODUCTION

Ceruloplasmin (or caeruloplasmin) is a
ferroxidase enzyme that in humans is

It is an enzyme synthesized in the liver
containing 6 atoms of copper in its
structure. Ceruloplasmin carries about

encoded by the CP gene.! Ceruloplasmin
is the major copper-carrying protein in the
blood and in addition plays a role in iron
metabolism. It was first described in 1948.
Another protein, hephaestin, is noted for
its homology to ceruloplasmin and also
participates in iron and probably copper
metabolism?.

FUNCTIONS OF CERULOPLASMIN

70% of the total copper in human plasma
while albumin carries about 15%°. The
rest is accounted for by macroglobulins.
Albumin may be confused at times to
have a greater importance as a copper
carrier because it binds copper less tightly
than  ceruloplasmin®.  Ceruloplasmin
exhibits a copper-dependent oxidase
activity, which is associated with possible
oxidation of Fe®* (ferrous iron) into Fe**
(ferric iron), therefore assisting in its
transport in the plasma in association with
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transferrin, which can only carry iron in
the ferric state. The molecular weight of
human ceruloplasmin is reported to be
151kDa.

PATHOLOGY >°

Like any other plasma protein, levels drop

in patients with hepatic disease due to

reduced synthesizing capabilities.

e Mechanisms of low ceruplasmin
levels:

o Gene expression genetically low:
aceruloplasminemia.

o Copper levels are low in general.

e Malnutrition/trace metal deficiency in
the food source

e Copper does not cross the
intestinal barrier due to ATP7A
deficiency in Menkes disease.

o Delivery of copper into the lumen
of the ER-Golgi network is absent
in hepatocyte due to absent
ATP7B in Wilson's disease.

Copper availability doesn't affect the
translation of the nascent protein.
However, the apoenzyme without copper
is unstable. Apoceruloplasmin is largely
degraded intracellularly in the hepatocyte
and the small amount that is released has a
short circulation half life of 5 hours as
compared to the 5.5 days for the holo-
ceruloplasmin. Mutations  in  the
ceruloplasmin gene can lead to the rare
genetic human disease
aceruloplasminemia, characterized by iron
overload in the brain, liver, pancreas and
retina >.

CERULOPLASMIN NEED 1!

It is needed when someone has signs and
symptoms that the doctor suspects may be
due to diseases such as:

e anemia

e nausea, abdominal pain

jaundice
fatigue
behavioral changes
tremors
difficulty
swallowing
e dystonia
Rarely, ceruloplasmin may also be
ordered along with copper tests when your
doctor suspects that you have a copper
deficiency and periodically if monitoring
Is recommended.

walking  and/or

CERULOPLASMIN TEST

e Ceruloplasmin Plasma Test
Ceruloplasmin plasma test is a blood test
that is ordered to diagnose Wilson’s
disease. This is an inherited disease that is
associated with an excess of copper in the
liver and other vital organs like the brain.
With this excess of copper, the
ceruloplasmin levels fall down drastically.
Only in rare cases can this test be ordered
to diagnose copper deficiencies. A
clinician would generally order this test
when a patient has symptoms of the
Wilson’s  disease. Some of these
symptoms are  nausea, jaundice,
abdominal pain, dystonia, anemia,
fatigue'>.  Difficulty in  walking,
behavioral changes, mood swings,
difficulty in swallowing and tremors are
some of the symptoms of Wilson’s
disease. In a rare case, the doctor will
order for a ceruloplasmin test along with
other tests when your doctor feels that you
are suffering from a copper deficiency.
When a person is diagnosed with low
levels of ceruloplasmin, it does not
necessarily correlate with any particular
ailment. However, when the serum
ceruloplasmin level is evaluated along
with copper tests, the results may be
associated with Wilson’s disease®.

e Ceruloplasmin Serum Test
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In a serum ceruloplasmin test, only those
who have low serum ceruloplasmin and
low copper in their blood and high copper
levels in their urine, are said to experience
Wilson’s disease. In some cases
however, people who have been
diagnosed with Wilson’s disease, exhibit
normal ceruloplasmin levels'*. About
40% of those who exhibit hepatic
symptoms also show normal
ceruloplasmin levels. When the urine and
blood concentrations of ceruloplasmin are
low and the concentrations of copper are
also low, the patient is simply suffering
from a copper deficiency. Substances
which may interfere with the body’s
ability to metabolize copper may also
have an effect on the serum ceruloplasmin
levels®.
e Ceruloplasmin Levels

An increased level of ceruloplasmin may
be due to inflammation or tissue damage.
Severe infections or damaging diseases
like cancers may also cause the serum
ceruloplasmin levels to rise. During
pregnancy, the hormone levels are high
and could cause a rise in the serum levels
of ceruloplasmin. If you are using
medications that contain estrogen, oral
contraceptives and some other
medications that affect your hormones, it
can cause the ceruloplasmin levels to
increase.

Ceruloplasmin levels are not routinely
tested. Therefore the serum ceruloplasmin
test is not a routine test and is not
performed unless you are exhibiting signs
and symptoms of Wilson’s disease. The
test may also be recommended if you
have some visible problems of
metabolizing copper™.

Ceruloplasmin may be increased in a
variety of circumstances where the test is
not used as a clinical tool. These may
include:

. Ceruloplasmin is an acute phase

someone has inflammation, severe
infection, tissue damage and may be
increased with some cancers.

o It may be increased during
pregnancy and with the use of
estrogen, oral contraceptives and
medications such as carbamazepine,
phenobarbital and valproic acid®’.

[ J

CHANGES IN THE Cp GENE

RELATED TO HEALTH
CONDITIONS
Aceruloplasminemia - caused by

mutations in the Cp gene .Approximately
40 mutations in the CP gene that cause
aceruloplasminemia have been identified.
Some of these mutations substitute one
protein building block (amino acid) for
another amino acid in the ceruloplasmin
protein, resulting in an unstable protein
that quickly breaks down (degrades).
Other mutations result in the production
of an abnormally short, nonfunctional
version of the protein or prevent the
protein from being secreted by the cells in
which it is made. Absence of functional
ceruloplasmin results in iron transport
problems that lead to the iron
accumulation, neurological dysfunction
and other health problems seen in
aceruloplasminemia®.

CLINICAL APPLICATIONS

o The most important clinical
application of the ceruloplasmin test is
in the diagnosis of Wilson's disease,
where typically, concentrations of
ceruloplasmin  are reduced and
concentration of dialyzable copper are
increased. Unless treated with copper
chelators, the disease is always
progressive and fatal ?°. Prompt
diagnosis is important since the
treatment takes 3-6 months to have the

reactant. It is frequently elevated when
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desired effect. Ceruloplasmin assay
should be considered in cases of
central nervous system disease of
obscure etiology. Neurological
symptoms include problem of
coordination %,

. Excessive therapeutic zinc may
lead to block of intenstinal absorption
of copper and a copper deficiency
syndrome characterized by
hypochromic microcytic anemia with
leukopenia/ neutropenia and zero level
of ceruloplasmin. A prolonged period
of time may be required to eliminate
the excess zinc, overcome the block of
intestinal copper absorption and obtain
increase in  serum copper and
ceruloplasmin levels.

. Ceruloplasmin is low in Menkes
kiny hair syndrome (in Menkes
syndrome the defect is secondary to
poor absorption and utilization of
dietary copper) and with protein loss
such as the nephrotic syndromes,
malabsorption and with some cases of
advanced liver disease in which
decreases of serum proteins have
occurred %,

. Ceruloplasmin is high in a variety
of neoplastic and inflammatory states
since it behaves as an acute phase
reactant, although levels rise more
slowly than do those of other acute
phase reactants . Increases are
described in carcinomas, leukemia’s,
Hodgkin disease, primary biliary
cirrhosis, systemic lupus
erythematosus and rheumatoid
arthritis.  High levels occur in
pregnancy, with estrogens and with
oral contraceptive use when the agent
contains  estrogen as well as
progesterone. It is also increased in
copper intoxication 2°.

. Another reported role of Cp is in

the oxidation of LDL. Oxidized LDL (Ox-

LDL) is a well-known atherogenic factor.
Therefore, an increase in serum Cp levels
IS expected to act as an atherogenic factor
28 Increases in serum Cp levels have been
reported under many conditions, including
diabetes.  Therefore, in  diabetes,
observable increased serum Cp levels
should cause LDL oxidization. An
increased level of Ox-LDL is known to
inhibit nitric oxide (NO) production and a
decreased level of NO impairs the
endothelium-dependent  relaxation  of
arteries, the impairment of which is a
factor causing atherosclerosis. Thus,
increased serum Cp levels in diabetes
might account for the early progression of
atherosclerosis %’

CERULOPLASMIN AS
MULTICOPPER OXIDASE

Copper is incorporated into ceruloplasmin
during synthesis and is essential for
oxidase activity. Within the plasma,
ceruloplasmin catalyzes the oxidation of
the signaling molecule NO concomitantly
with cupric (Cu®") to cuprous (Cu')
reduction. Nitrite (NOy) ions can
therefore be used as a sink for NO
production  through  reduction by
deoxyhemoglobin, which allows for the
mobilization of NO as a signaling
molecule involved in hypoxic vasodilation
and ischemia-reperfusion cytoprotection.
In addition, nitrite acts independently as a
signaling  molecule  necessary  for
cytoprotection and  post-translational
modifications such as iron nitrosylation
and N-and S-nitrosation 2 (figure 3).

DISEASE RELEVANCE OF
CERULOPLASMIN

During the acute-phase reaction, genes
encoding CP, SAA, AGP and HP
demonstrate unique extrahepatic tissue
specific patterns of expression in kidney,
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spleen, thymus, heart, brain, lung, testis
and epididymis.

. Aceruloplasminemia is an
autosomal recessive disorder caused by
mutations in the ceruloplasmin (Cp) gene
and is characterized by a unique
combination  of  neurovisceral iron
overload and iron deficiency anemia.

. Thus, Cp (-/-) have mild
microcytic, hypochromic anemia
consistent with normal red cell formation
but defective iron availability *°.

PSYCHIATRY RELATED
INFORMATION ON
CERULOPLASMIN

The antioxidant effects of ceruloplasmin
could have important implications for
various neurodegenerative diseases such
as Parkinson's disease and Alzheimer's
disease in which iron deposition is known
to occur *°.

ASSOCIATIONS OF
CERULOPLASMIN WITH
CHEMICAL COMPOUNDS

. Ceruloplasmin  (Cp) is a
ferroxidase that converts highly toxic
ferrous iron to its non-toxic ferric form.

. Ceruloplasmin is an abundant
serum glycoprotein containing greater
than 95% of the copper found in the
plasma of vertebrate species.

. Immunocytofluorescence
analysis demonstrated that digoxigenin-
labeled Cp bound to P19 neurons and the
proportion  of responding  neurons
decreased with aging.

. It also plays an important role
in detoxifying potentially harmful free
ferrous iron to the less soluble ferric iron
by virtue of the ferroxidase activity of the
H subunit.

o Ferritin ~ stimulation of a
monokine inhibitor of lipopolysaccharide-
augmented myelopoiesis is ferroxidase
dependent *.

OTHER NAMES FOR THE Cp GENE
OR GENE PRODUCTS *

e CERU HUMAN

e Ceruloplasmin

e CP-2

o Ferroxidase
CONCLUSION

We are just beginning to understand the
normal and pathological functions of Cp.
The present review states the role of
ceruloplasmin enzyme in variety of
pathophysiological conditions. There is
an abundance of epidemiological data that
suggests that serum Cp may be an
important  risk  factor  predicting
cardiovascular disease. The diagnosis of
various dreadful diseases like Wilson's
disease, copper deficiency syndrome,
Menkes kiny hair syndrome, nephrotic
syndromes, malabsorption and with some
cases of advanced liver disease in which
decreased level of serum proteins have
occurred shows evidence of Cp. It also
plays a vital role in various
neurodegenerative  diseases such as
Parkinson's disease and Alzheimer's
disease in which iron deposition is known
to occur. The discovery of
aceruloplasminemia patients with iron
overload confirms the long-held idea that
Cp is important in iron homeostasis.
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Table 1- Interpretation Of Ceruloplasmin Levels

e Menkes disease (Menke's kinky hair

Decreased levels syndrome) (very rare)
Lower-than-normal ceruloplasmin levels may | ¢ Wilson's disease (a rare copper storage
. : 5
indicate disease)

e Overdose of Vitamin C
e Copper deficiency

e Aceruloplasminemia®

e Pregnancy

Elevated levels e Oral Contraceptive Pill Use ’
Greater-than-normal ceruloplasmin levels e Lymphoma
may indicate or be noticed in e Acute and chronic inflammation (it is an

acute-phase reactant)
e Rheumatoid arthritis
e Angina®
e Alzheimer's disease
e Schizophrenia

« Obsessive-Compulsive Disorder °
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Fig 1: Crystal Structure of Ceruloplasmin (Ferroxidase)
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Human Ceruloplasmin
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