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Abstract

Many thyroid-related medical conditions exist that go undiagnosed and untreated.
These conditions may be prevented and treated with reduced folates and vitamin B12.
Administration of reduced folates and vitamin B12 will prevent or treat cerebrospinal folate
deficiency, which is linked to thyroid-related medical conditions. The present invention
provides methods and compositions for treating thyroid-related medical conditions. The
composition according to the invention comprises a substance that acts as a replacement for
a hormone that is normally produced by the thyroid gland, wherein the substance is
levothyroxine, levothyroxine sodium, liothyronine sodium, liotrix, thyroxine, or
triiodothyronine, or any combination thereof, and a reduced folate. This composition is
useful in the prevention or treatment of conditions associated with masked megaloblastic
anemia and hypothyroidism, and other conditions brought upon through improper thyroid

function.
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METHODS AND COMPOSITIONS FOR TREATING THYROID-RELATED
MEDICAL CONDITIONS WITH REDUCED FOLATES

This is a divisional application of Canadian Patent Application Serial
No. 2,804,265 filed on July 9, 2010.

It should be understood that the expression “the invention” and the like
used herein may refer to subject matter claimed in either the parent or the

divisional applications.

BACKGROUND

Developmental problems associated with folic acid deficiency are well
known in the art. Perhaps neural tube defects in fetuses are the most common
problem associated with folate deficiency. Expecting mothers are routinely
placed on a folic acid regimen. Additionally, nursing mothers are also
supplemented with folic acid to continue to provide nutrition to the newborn.
During the prenatal and perinatal periods, folate is essential for adequate
enclosure of the neural tube by dermal tissues. In recent studies, it has been
shown that women with increased l,evels of plasma homocysteine and decreased
levels of erythrocyte folate have a greater risk of having an offspring with a
neural tube defect. It is believed that during the early stages of pregnancy (prior
to the development of the placenta) transport of folates to the fetus is primarily
performed by the maternal erythrocytes. Inadequate folate levels in maternal
erythrocytes are a significant factor in the lack of progression of neural tube
closure in utero.

Folate helps produce and maintain new cells; this is critically important
in cells with rapid growth that undergo frequent cell division such as in infancy
and pregnancy. Folate is needed to form DNA and RNA, and both adults and

children need folate to make
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normal red blood cells. It is essential that folates are part of the daily
nutritional ¢onsumption for adequate human health.

Folates also play a critical role in the reduction of plasma
homacysteine levels. An increased amount of homocysteine in the
plasma has been associated with heart disease. Folates have been
shown to reduce the calcification of plaques during an acute ischemic
attack; thereby reducing the long-term effects of cardiovascular
ciisease. Thus, folates are major components of cardiovascular
functionality.

Folate is an essential water-soluble B. vitamin that occurs
naturally in food. As a result of these important metabolic activities,
several dietary derivatives of folate are manufactured as supplements.
Although most of the derivatives are capable of becoming converted
into the metabolically active form (6S) 5-methyltetrahydrofolate, the
enzyme kinetics of such conversion can differ dramatically as well as
the absorption rate and it is these differences that are important in
determining the hierarchy of performance.

Folates are a group of pteroyglutamate acids that become
structurally and functionally altered when reduced (adding electrons)
or oxidized (removing electrons). In humans, folates are absorbed most
readily as 5-methylt_etrahydrofolate and it is the principal circulating
form of folate. Other derivatives are hydrolyzed in the intestinal
jejunum and the liver to the active form with an intermediate stable
form (5,10-methylenetetrahydrofolate).

5-methyltetrahydrofolate is the predominant form of folate in
the circulatory system and is the type of folate that can cross the blood-
brain barrier. 5-methyltetrahydrofolate is critical for brain
development and normal mental health.

The endocrine system is a system of glands, each of which

secretes a type of hormone into the bloodstream to regulate the body.
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The endocrine system is an information signal system like the nervous
system. Hormones regulate many functions of an organism, including
mood, growth and development, tissue function, and metabolism.

Thyroid-related medical conditions, and medications that are
used in connection with thyroid conditions, are known to cause
hematological issues in individuals, as well as in fetuses of such
individuals who may be pregnant, or the children who receive breast
milk from such individuals who have thyroid-related medical
conditions and/or who are on thyroid medication. In addition, these
thyroid-related medical conditions, and the medications that are used
in connection with thyroid conditions, are known to cause adverse
hepatic conditions regarding the liver, as well as having an adverse
impact on other organs. Moreover, in addition to those persons who
have thyroid-related medical conditions or who are taking medications
for thyroid conditions, environmental conditions, and environmental
contaminants are also known to impact the thyroid system of an
individual, as well as the fetus of such individual or child nursing from
such individual. Thus, the thyroid system can bg impacted by thyroid-
related medical conditions that develop within one's own body, by
certain medications, and by the environment.

Typically, thyroid conditions are treated with medication to
address the thyroid condition and bring the patient to a euthyroid
state. That is the focus of the medical community and pharmaceutical
community. However, bringing an individual to a euthyroid state does
not sufficiently address the adverse conditions associated with low
folate, as well as vitamin B12, and specifically low cerebrospinal folate.
The medical and pharmaceutical communities have not been able to
sufficiently address the further complications the thyroid-related
medical conditions, and/or the medications that are used in connection

with thyroid conditions, cause. For instance, anti-thyroid drugs are
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known to cause (a) numerous blood disorders (including, but not
limited to, megaloblastic anemia, pancytopenia, aplastic anemia,
neutropenia, agranulocytosis, thrombocytopenia, and leukopenia), (b)
bone marrow suppression, and (c) hepatic dysfunction. In addition,
thyroid-related medical conditions are known to cause similar
conditions. For instance, hypothyroidism is known to cause iron, folate
and/or vitamin B12 deficiencies, which with respect to folate or vitamin
B12 deficiencies, can cause “macrocytic” or “megaloblastic”
hematological conditions leading, in some cases, to bone marrow
suppression and hepatic dysfunction, as well as dysfunction in other
organs (polyglandular failure syndrome for instance).

Even further, autoimmune conditions like chronic autoimmune
thyroiditis and Hashimoto's thyroiditis associated with pernicious
anemia can cause even further vitamin B12 deficiencies that will not
be corrected solely by thyroid hormone replacement, but also require
specific vitamin B12 supplementation. Moreover, additional conditions
that complicate the clinical picture are (1) “masked megaloblastic
anemia” conditions that can arise from simultaneous iron and
folate/vitamin B12 deficiencies, (2) lack of vitamin B12 which is critical
in the metabolic pathway of converting folate into its biologically
useful form, and (3) “polymorphisms” that are commonplace. For
instance, the methylenetetrahydrofolate (MTHFR) bolymorphism is
very common, by some accounts up to 40% of the U.S. population. As a
result, some individuals are naturally more susceptible to having
cerebrospinal folate issues, or ancillary folate and/or vitamin B12
issues, than others based on whether or not they have the
polymorphism. Yet, notwithstanding the foregoing, thyroid-related
medical conditions and drugs that are used to treat thyroid conditions

are not augmented with suitable folate and B12 supplementation
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protocols sufficient to prevent or ameliorate the adverse effects of low
cerebrospinal folate. |
Field of Invention

This invention is generally in the field of treating thyroid
conditions with a folate and vitamin B12. Folate is a critical vitamin
that is required for proper nutrition. Folate is important in forming
DNA and RNA, therefore it is critig:al in cells that are growing or
undergo frequent cell division. Folate deficiencies have led to harmful
and serious health conditions in children as well as in adults. As a
result, folate is especially important for pregnant mothers, nursing
mothers and newborns. .

What has previously been unknown, or at least
underappreciated, is the relationship between the thyroid and levels of
folate, as well as vitamin B12, in the blood. Hypothyroid individuals
have been found to suffer folate, as well as, vitamin B12 deficiencies;
and as such, they are prone to the other problems that are also
associated with low folate levels. It is now discovered that conditions of
hypothyroidism have led to folate deficiencies in cerebrospinal fluid.
There has been a newly discovered case involving the treatment of
hyperthyroidism that has also led to foiate deficiencies in cerebrospinal
fluid. This is because the drugs that are taken to treat
hyperthyroidism suppress the thyroid and in some cases have
suppressed it to the extent that it leads to hypothyroidism and folate
deficiencies in cerebrospinal fluid. In addition, these anti-thyroid drugs
can cause adverse hematological and hepatic conditions that can also
contribute to deficiencies in folate, as well as vitamin B12, leading to
cerebrospinal folate deficiency.

This surprising discovery has led to the present invention.
Providing individuals, who have had or are at risk of having thyroid-

related medical conditions, with folate and vitamin B12 has shown to

CA 3031481 2019-01-25



10

15

20

25

30

beneficially address and alleviate adverse outcomes associated with
low folate in cerebrospinal fluid. The present invention also addresses
those who must take anti-thyroid drugs or thyroid stimulating drugs or
hormones. Supplementation with folates al;d vitamin B12 along with
either anti-thyroid drugs or thyroid stimulating drugs can provide a
better means of preventing and/or treating folate deficiencies and the ’
associated problems from such deficiencies.

This invention will help prevent and further help diagnose the
cause of folate deficiencies in some individuals, as thyroid-related
medical conditions are presently not part of the focus of the medical
and pharmaceutical communities. Further, leading researchers in the
field of cerebrospinal folate deficiency have mainly focused on
antibodies attacking the folate receptor or mitochondrial defects as the
cause of cerebrospinal folate deficiency.

There is clearly a need to make the relationship between thyroid
function and folate deficiencies in cerebrospinal fluid known so that it

may be prevented and treated. This invention addresses that need.

Summary of the Invention

‘The present invention provides methods and compositions for
preventing and/or treating people with thyroid-related medical
conditions from developing problems associated with folate
deficiencies. In some embodiments, the present invention provides a
method of administering folate to people with thyroid-related medical
conditions. In some embodiments, the present invention provides a
method of administering folate and vitamin B12 to people with
thyroid-related medical conditions. In some embodiments, the present
invention further provides a method of administering a reduced folate
to people with thyroid-related medical conditions. In some

embodiments, the present invention further provides a method of

CA 3031481 2019-01-25



10

15

20

25

30

administering a reduced folate and vitamin B12 to people with thyroid-
related medical conditions. Yet in another embodiment, the present
invention further provides a method of administering folinic acid and
vitamin B12 to people with thyroid-related medical conditions. And in
some embodiments the administration of folate and vitamin B12 will
treat or prevent cerebrospinal folate deficiency, masked megaloblastic
anemia, other macrocytic anemias (which include anemias that may be
masked macrocytic anemias), or hepatic dysfunction . In some
embodiments, the present invention will include the administration of
folate and vitamin B12 and will be coupled with the administration of
iron . Other embodiments will include the administration of L-
carnitine and/or calcium and/or vitamin D along with the
administration of folate and vitamin B12. With respect to calcium and
vitamin D, these are preferred embodiments that also address
parathyroid hormone deficiencies.

In some embodiments, the present invention providgs a method
of administering folate and vitamin B12 to people with hypothyroidism
or hyperthyroidism. In other embodiments, the present invention
provides a method of administering folate and vitamin B12 to people
that have been treated with radioactive iodine, or who have had
surgery on or related to their thyroid, or who have had any procedure
that has reduced the size or activity of their thyroid gland. In another
embodiment, the present invention provides a method of administering
folate and vitamin B12 to an individual having hypothyroxinemia or
another temporary period of hypothyroidism. In yet another
embodiment, the present invention provides a method of administering
folate and vitamin B12 to an individual that is a fetus or nursing child
of a mother or caregiver who has a thyroid-related medical condition.

In some embodiments, the present invention provides a

composition of a thyroid stimulating drug, a folate, and vitamin B12.
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This embodiment will facilitate prevention and treatment of folate
deficiencies for persons that have hypothyroidism. In other embodiments,
the composition will additionally include iron, and/or L-carnitine, and/or
calcium, and/or vitamin D. In another embodiment, the present invention
provides a composition of an anti-thyroid drug, a folate, and vitamin B12.
This embodiment will facilitate prevention and treatment of folate
deficiencies for persons that are being treated for hyperthyroidism and
may also be complemented by iron, and/or L-carnitine, and/or calcium,
and/or vitamin D.

In a preferred embodiment of the invention, the methods and
compositions for prevention and treatment of thyroid-related medical
conditions will require 5-methyltetrahydrofolic acid, or another reduced
folate, and vitamin B12. In another preferred embodiment of the
invention, the composition for prevention and treatment of thyroid-
related medical conditions will require 5-methyltetrahydrofolic acid, or
another reduced folate, and vitamin B12 with either an anti-thyroid drug
or a thyroid stimulating drug. In another preferred embodiment, the
composition of anti-thyroid drug or thyroid stimulating drug, folate or
another reduced folate, and vitamin B12 will also comprise iron,
and/or L-carnitine, and/or calcium, and/or vitamin D. With respect to
calcium and vitamin D, these are the preferred embodiments that also
address parathyroid hormone deficiencies.

More specifically, in one embodiment the present invention
provides a composition comprising a folate, together with an acceptable
diluent or carrier, for treating decreased folate in cerebrospinal fluid of an
individual with hypothyroidism, wherein the individual is being treated
with a substance that acts as a replacement for a hormone that is normally
produced by the thyroid gland, wherein the substance is levothyroxine,
levothyroxine sodium, liothyronine sodium, liotrix, thyroxine, or
triiodothyronine, or any combination thereof.

In another embodiment, the present invention provides use of a

folate in the manufacture of a composition for the treatment of decreased
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folate in cerebrospinal fluid in an individual with hypothyroidism who is
being treated with a substance that acts as a replacement for a hormone
that is normally produced by the thyroid gland, wherein the substance is
levothyroxine, levothyroxine sodium, liothyronine sodium, liotrix,
5 thyroxine, or triiodothyronine, or any combination thereof.
In another embodiment, the present invention provides a
composition comprising:
() a substance that acts as a replacement for a hormone that is
normally produced by the thyroid gland, wherein the substance is
10 levothyroxine, levothyroxine sodium, liothyronine sodium, liotrix,
thyroxine, or triiodothyronine, or any combination thereof; and

(b) a reduced folate.

Detailed Description of the Invention
15 | Definitions
As used herein, "folate(s)" are a group of pteroyglutamate acids
that become structurally and functionally altered when reduced. The term
"folate" refers to folic acid and any derivatives thereof.
Folic acid, (N-[4-(2-Amino-3,4-dihydro-4-oxo0-6-

20  pteridinylmethylamino)-benzoyl]-L-glutamic acid) also known as

8a
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vitamin B9 or folicin as well as N-pteroyl-L-glutamic acid and N-
pteroyl-L-glutamate, is a non-reduced folate.

In humans, folates are absorbed most readily as the most active
form 6(R,S)-5-methyltetrahydrofolate (6(S)-5-methyltetrahydrofolate
being the most biologically active) and it is the principal circulating
form of folate (referred to herein as “reduced folate”). A nonexclusive
list of other reduced folates (also included in the definition of “reduced
folates”) are 10-methylenetetrahydrofolate, 10-formyltetrahydrofolic
acid, 5-formyltetrahydrofolic acid, 5-forminino tetrahydrofolic acid,
5,10-methenyltetrahydrofolic acid, 5,10-methyltetrahydrofolic acid, L-
methylfolate, and 6(R,S)-5-formyltetrahydrofolate (folinic acid), and
tetrahydrofolic acid/tetrahydrofolate.

The term of “folate” as referenced herein, is used as a genus, and
generally refers to any of these forms of folate: folic acid, any form of
reduced folates, and 5-methyltetrahydrofolic acid.

Vitamin B12, also called cobalamin, is a water soluble vitamin.
Vitamin B12 refers to a group of cobalt-containing vitamer compounds
known as cobalamins: these includé ¢yanocobalamin,
hydroxocobalamin, and the two naturally occurring cofactor forms of
Bi2 in the human body: 5'-deoxyadenosylcobalamin
(adenosylcobalamin—AdoB12), the cofactor of Methylmalonyl
Coenzyme A mutase (MUT), and methylcobalamin (MeB12), the
cofactor of 5-methyltetrahydrofolate-homocysteine methyltransferase
(MTR). |

" The term “cerebrospinal folate deficiency” (also referred to as
cerebral folate deficiency) is associated with low levels of 5-
methyltetrahydrofolate in the cerebrospinal fluid (CSF). In some
conditions, the low levels of folate in CSF is also associated with
normal folate levels in the plasma and red blood cells. The onset of

symptoms caused by the deficiency of folates in the brain generally
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begin within the first year of life, but in the examples contained herein
exhibited themselves at birth or within the immediate months
thereafter. This is followed by delayed development, with deceleration
of head growth, hypotonia, and ataxia, followed in many cases by
dyskinesias (choreo-athetosis, hemiballismus), spasticity, and speech
difficulties, as well as numerous other cognitive, social, behavioral,
psychological and physical conditions.

The term “masked megaloblastic anemia” is characterized by
folate and/or vitamin B12 deficiencies occurring simultaneously with
an iron deficiency, such that the iron deficiency masks the red blood
cell indices changes of megaloblastic anemia.

The term “masked macrocytic anemias” refers to conditions
where a macrocytic anemia is masked, and includes (a) masked
megaloblastic énemia, (b) when a macrocytic anemia is masked by a
microcytic t:) normocytic anemia that occurs simultaneously with the
macrocytic anemia, or {¢) neutropenia that is masked at birth, in part,
by a phenomena whereby neutrophil counts and white blood cell values
rise immediately after birth.

The term “hypothyroxinemia” refers to conditions associated

with the presence of an abnormally low concentration of thyroxine in

the blood.
The term “iron” as it relates to nutritional supplementation,

refers to any form of iron that is generally known to supplement
nutrition; for example, an iron (II) salt, an iron (III) salt, or carbonyl
iron.

The term “anti-thyroid drug” is a drug, agent or medication
directed against the thyroid gland for the purposes of reducing thyroid
function. The anti-thyroid drugs include, but are not limited to,
carbimazole, methimazole, potassium perchlorate, and propylthiouracil

(PTU). These drugs are used to treat hyperthyroidism (overactivity of

10
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the thyroid gland) in order to reduce the excessive thyroid activity before
surgery and to treat and maintain patients not having surgery.

The term "thyroid stimulating drug" is a drug, agent, medication or
hormone that acts as a replacement for a hormone that is normally
produced by the thyroid gland to regulate the body's energy and
metabolism. These drugs are used for the purpose of increasing thyroid
function. thyroid stimulating drugs include but are not limited to:
Levothyroxine, Levothyroxine Sodium, Liothyronine Sodium, Liotrix,
Thyroglobulin, Thyroid, Thyroxine, Triiodothyronine, Levoxyl™,
Synthroid™, Levo-T™, Unithroid™, Levothroid™, Levoxine™,
Levolet™, Novothyrox™, Triostat™, Cytomel™ and Thyrolar™.

The term "thyroid-related medical condition” refers to medical
conditions that arise when the thyroid gland is not functioning properly.
This could include hypothyroidism (under active thyroid function),
hyperthyroidism (overactive thyroid function), anatomical disorders, and
tumors (including thyroid cancer). "Thyroid-related medical conditions"
also arise from and include the use of agents, drugs or medications to treat
the thyroid, or from environmental toxins or environmental conditions
that impact the thyroid. The term "thyroid-related medical conditions"
also includes complications associated with diabetes mellitus,
hypoparathyroidism and polyglandular failure syndrome brought about in

connection with a thyroid gland that is not functioning properly.

II. Introduction

The present invention provides methods and compositions for
prevention and treatment of thyroid-related medical conditions. The
invention is based on the discovery that an improperly functioning thyroid
can cause harmful conditions. Some nonexclusive examples are

cerebrospinal folate deficiency and masked macrocytic anemias, and

11
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hepatic dysfunction. These conditions may be prevented or treated by
the administration of folate and vitamin B12. Additionally there is a
certain population of individuals who are also at risk for developing
conditions that may be treated with the administration of folate and
§ vitamin B12. Some thyroid-related medical conditions such as
hypothyroidism and hyperthyroidism are treated with anti-thyroid
drugs or thyroid stimulating drugs. Anti-thyroid drugs can cause
harmful conditions such as macrocytic blood disorders, which may be
masked macrocytic anemias, as well as ‘hepatic dysfunction, which
10  itself may be idiosyncratic or difficult to diagnose given its
unpredictability and sudden onset. The foregoing hematological and
hépatic conditions can also lead to cerebrospinal folate deficiencies. As
a result, the present invention includes a composition of these drugs
with the addition of folate and vitamin B12.
15
1.  Patient Population '

For purposes of this invention paﬁenté are those who have been
suffering from thyroid-related medical conditions or those who are at
risk of suffering thyroid-related medical conditions, which thyroid

20 conditions or risk of thyroid conditions may be caused by a number of
circumstances, including, but not limited to, biological conditions
within the patient's body, agents, drugs, or medications the patient has
been exposed to, or environmental exposure to toxins, or other adverse
environmental conditions.

25 In one embodiment, the individual with a thyroid-related
medical condition may suffer from hypothyroidism or hyperthyroidism.
In general, hypothyroidism is a condition in which the thyroid gland
does not produce enough thyroid hormone. In general, hyperthyroidism
1s a condition in which the thyroid gland produces too much thyroid

30 hormone. In a preferred embodiment, the patient is taking an anti-

12
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thyroid drug or a thyroid stimulating drug. While these types of
patients may be at the highest risk, other similar conditions pase a
risk that may be treated by the methods and compositions of this
invention. For example, those persons with a thyroid-related medical
condition and suffering from a macrocytic blood condition, masked
megaloblastic anemia, masked macrocytic anemia or hepatic
dysfunction, and those persons exposed to agents, drugs, medications,
toxins and environmental conditions that cause any of the foregoing
hematological or hepatic conditions may be treated with the methods
and compositions of this invention.

In another embodiment, the patient has a thyroid-related
medical condition related to hypothyroxinemia.

In another embodiment, the patient may be any individual
treated with radioactive iodine, or who has surgery on or related to the
thyroid gland, or who undergoes any other process or procedure that
alters the normal function of the thyroid.

In another embodiment, the patient may be a fetus or newborn
with a mother or caregiver who has a thyroid-related medical

condition.

IV. 'Detecting Conaitiqns

a) Thyroid

One of the key discoveries of this invention is the discovery that
thyroid-related medical conditions can cause cerebrospinal folate
deficiencies, and the person with the thyroid condition is susceptible to
all of the harms associated with cerebrospinal folate deficiencies. In
one embodiment, this invention treats persons with thyroid-related
medical conditions.

b) Hypothyroidism

13
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In another embodiment, this invention treats persons with
hypothyroidism. Hypothyroidism, or an improperly functioning
thyroid, specifically not producing enough thyroid hormones, can lead
to a person having cerebrospinal folate deficiencies. One of the aims of
this invention is to treat people with hypothyroidism.

¢) Hyperthyroidism

While it has been discovered that cerebrospinal folate
deficiencies are more commonly associated with hypothyroidism,
persons with hyperthyroidism are also the subject of this invention
because they take anti-thyroid drugs to treat their hyperthyroid
conditions. These drugs have the potential to lower the production of
the thyroid to levels in which folate deficiencies may occur or to cause
adverse macrocytic hematological or adverse hepatic conditions leading
to cerebrospinal folate deficiencies. Therefore, hyperthyroidism is a
condition relevant to this invention.

d) Diabetes, Hypoparathyroidism and Polyglandular Failure
Syndrome

Thyroid-related medical conditions have been known to cause or
contribute to diabetes, diabetes mellitus, hypoparathyroidism and
polyglandular failure syndrome. Therefore, the conditions diabetes,
diabetes mellitus, hypoparathyroidism and polyglandular failure.
syndrome brought upon by thyroid-related medical conditions are also
the subject of this invention. '

e) Pregnant

Those who are pregnant and suffer from thyroid-related medical
conditions are also the subject of this invention, because the thyroid
conditions a pregnant mother has can cause complications for the
mother, as well as with the fetus and/or newborn.

f) Fetus

14
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Because the complications of thyroid-related medical conditions
may be passed from the mother to the fetus, a fetus or newborn from a
mother with a thyroid-related medical condition is also the subject of
this invention.

g) Nursing child

Because the complications of thyroid-related medical conditions
may be passed through the milk of a nursing mother to the newborn, a
newborn from a mother with a thyx;oid-related medical condition is also
the subject of this invention.

h) Hypothyroxinemia

Complications arising from thyroid-related medical conditions
may also arise temporarily when a person is suffering from
hypothyroxinemia. Periods of hypothyroxinemia have occurred during
pregnancy in the mother or in the fetus. Even though this may be only
a temporary period in which the thyroid is not properly functioning,
harmful results may arise during this time. Therefore,
hypothyroxinemia is also the subject of this invention.

i) Anti-thyroid drugs

A person taking anti-thyroid drugs is also the subject of this
invention. It has been discovered that at times taking an anti-thyroid
drug can lower the function of the thyroid substantially enough to
cause cerebrospinal folate deficiency, for which this invention
addresses. In addition, such agent, drug, or medication also causes
adverse hematological and hepatic conditions which can also lead to
cerebrospinal folate deficiencies, for which this invention addresses.

j) Thyroid stimulating drugs

A person taking thyroid stimulating drugs is also the subject of
this invention. As this invention addresses, hypothyroidism has been
linked to cerebrospinal folate deficiency. Prior to receiving a thyroid

stimulating drug, a person has for the most part already suffered from

o
th
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a thyroid-related medical condition. In certain cases, hypothyroidism
is newly discovered in an individual and during the period in which the
individual remained undiagnosed, the individual may have developed
deficiencies in folate or vitamin B12 or cerebrospinal folate deficiency.
In other cases, the individual may have been treated with an apti~
thyroid drug for hyperthyroidism, and the drug caused the individual
to develop hypothyroidism, and the individual then suffers from
adverse events not only related to the anti-thyroid medication (the
complications of which have already been addressed herein), but also
the adverse conditions of having hypothyroidism. In yet another
example, the individual has had hypothyroidism, but alternates
between different degrees of hypothyroidism, such that the individual
may be receiving at any given time an inadequate amount of thyroid
stimulating drug, thereby still allowing the adverse complications of
hypothyroidism to occur. In all of the foregoing instances, this
invention will prevent or treat such individual.

k) Radioactive iodine, surgery, or any other method to reduce

the size or activity of the thyroid gland

The methods of this invention are also directed to a person who
Bas received radioactive iodine, or who has had surgery on or related to
the thyroid gland, or who has had any other procedure that has
reduced the size and therefore the activity of the thyroid gland.

I} Hematological conditions

It has also been discovered that macrocytic blood conditions,
including masked macrocytic anemias may be brought upon by persons
with thyroid-related medical conditions. As such this invention aims
to prevent or treat the conditions brought upon through folate and
vitamin B12 deficiencies in persons with masked macrocytic anemias.

m) Hepatic dysfunction
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It has also been discovered that hepatic dysfunction may be
br‘ought upon by persons with thyroid-related medicél conditions, and
in some cases, the hepatic dysfunction may be idiosyncratic or difficult
to diagnose given'its unpredictability and sudden onset. As such, this
invention aims to prevent or treat the conditions brought upon by
folate and vitamin B12 deficiencies in persons with hepatic

dysfunction.

V.  Prevention Methods

While many of the uses of folate are generally well known, new
conditions have been discovered that require the use of folates. It is
well known in the art that folate should be used for nutritional
supplementation of pregnant and nursing mothers. This is due to the
fact that folate is essential for DNA and RNA replication and therefore
it is necessary in growing and dividing cells, which are prevalent in
nursing mothers and newborns. It is also known that folate, as well as
vitamin B12, may be used to address neurological conditions, including
depression. However, what was not known is that some thyroid-related
medical conditions can lead to cerebrospinal folate deficiencies.
Therefore, it is the subject of this invention to disclose methods and
compositions of administering folate and vitamin B12 to those
susceptible for developing cerebrospinal folate deficiencies and
therefore prevent the harmful, adverse conditions that arise from
folate deficiencies.

Some of the harmful conditions that arisé from cerebrospinal
folate deficiencies affect development of fetuses and newborns.
However, developmental problems are not limited to fetuses and
newborns, as older children, adolescents, young adults and adults can
be affected as well. Some of the first symptoms associated with

cerebrospinal folate deficiencies are lower IQs and cognitive
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dysfunction. As the condition progresses, developmental delay,
psychomotor regression, seizures, mental retardation, autistic features,
behavioral issues and social problems may present themselves. As
conditions worsen, physical function is impaired. These are only a few
of the conditions that may arise from cerebrospinal folate deficiency
brought upon through thyroid-related medical conditions. The methods
and compositions discussed herein will prevent and have been shown
to alleviate and help correct these symptoms.

One embodiment of this invention provides a method to prevent -.
harmful conditions that arise from thyroid-related medical conditions.
This embodiment comprises administering folate and vitamin B12 to
people suffering from such thyroid-related medical conditions.

Administration of the folate and vitamin B12 may be done in
any manner already known in the art.

In a preferred embodiment, this invention provides a method to
prevent and/or treat harmful conditions that arise from
hypothyroidism. Hypothyroidism results in decreased thyroid function
and decreased hormone production, which regulates the endocrine
gystem. It has been recently and surprisingly found that
hypothyroidism can lead to cerebrospinal folate deficiency and all of
the problems that arise from decreased folate levels. What is of even
greater concern is that many of these patients suffering with
cerebrospinal folate deficiency are infants whose nervous system is still
developing and lack folate at a crucial point in their development. In
some cases, the damage cannot be completely undone. Since the folate
is deficient at such a crucial moment in development, the adverse
conditions can be severe. One embodiment of this invention is to
administer folate and vitamin B12 to people with hypotﬁyroidism. This
administration of folate and vitamin B12 will help to prevent problems

and conditions that arise from cerebrospinal folate deficiency.

18

CA 3031481 2019-01-25



10

15

20

25

In a preferred embodiment, a reduced folate is administered
with vitamin B12 to a person with thyroid-related medical conditions.
A non-exclusive list of examples of reduced folates are: 10-
formyltetrahydrofolic acid, 5-formyltetrahydrofolic acid, 5-forminino
tetrahydrofolic acid, 5,10-methenyltetrahydrofolic acid, and 5,10-
methyltetrahydrofolic acid. In a more preferred embodiment, 5-methyl
tetrahydrofolic acid is administered with vitamin B12 to persons with
thyroid-related medical conditions.

The amount of folate administered by the methods and
compositions of this invention will depend upon the size, age, and
severity of the condition of the patient. Generally the National
Institutes of Health, Office of Dietary Supplements (NIH) generally
recommended dosage guidelines will suffice. This is also true for the
administration of vitamin B12, iron, calcium, vitamin D, and L-
carnitine. In severe cases the amounts may be increased. Dosage
amounts may need to be lower than NIH generally recommended
dosage guidelines in the event of preventive measures, or in the event
the patient is already taking supplements containing the foregoing, or
in the event the patient is a premature infant or very newborn
neonate.

In one embodiment, the amount of folate to be administered by
the methods and compositions of this invention should be 0.5mg to
0.1mg of folate per kg of weight (of the patient) per day. In other cases,
higher dosages of folate at 2-3 mg/kg/day are required to normalize
cerebrospinal folate levels. Yet, in other cases, where preventive
measures are being taken, or when the patient is a fetus, premature
newborn or term neonate, then dosage amounts may be lower than the

forégoing.
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In one embodiment, the amount of reduced folate to be
administered by the methods and compositions of this invention should
be 0.1mg to 1.0mg of folate per kg of weight (of the patient) per day.

In a preferred embodiment, the amount of reduced folate to be

s  administered by the methods and compositions of this invention should
be 0.5mg to 0.1mg of folate per kg of weight (of the patient) per day. In
other cases, higher dosages of folate at 2-3 mg/kg/day are required to
normalize cerebrospinal folate levels. Yet, in other cases were
preventive measures are being taken, or when the patient is a fetus,

10 premature newborn or term neonate, then dosage amounts may be
lower than the foregoing. |

The following tables are provided by the NIH as the
recommended dietary allowance for folate and other vitamins and
minerals.

15 Table 1: Adequate Intake for Folate for Infants

Age (Maies and Females
(months) (ng/day)

0to6 - 65
[7w1z [ -s0

Table 2: Recommended Dietary Allowances for Folate for

Children and Adults
.Age Males and Femalés‘ Pregnancy,Lactation
: . . i |
|(vears) (ng/day) | (ng/day) | (ng/day)
1-3 150 NA | NA
20
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28 | 200 NA | NA

| 913 3 300 I NA | NA

P : 1
14-18 | 400 [ e00 | 500
“1'9+“;" 0 ; 600 500

Y L oo i - .

Table 8: Recommended Dietary Allowances (RDAs) for Vitamin
B12 '

Age | Male |Female|Pregnancy Lactation'

i !

e e ten - [ e T e o

IBirth to 6 months*%.tl mcgi 0.4 mcg% , ‘ i

[ — [T H e | e et B LIl e

10.5 meg;| 0.5 meg!

17-12 months*

1-3 years §0.9 mcg§ 0.9 mcg?
—— e e % i
i4—8 years z 1.2 mcg% 1.2 meg|
19.13 years 1.8 mcg’|1.8 meg
14+ years 2.4 meg (2.4 meg| 2.6 mcg 2.8 meg

5 Table 4: Recommended Adequate Intake for Infants and
Recommended Dietary Allowances for Iron for Infants (7 to 12
months), Children, and Adults

A ( Ma;l;s ) Femaies; Px;e‘gnax—x.cy‘ Lactation
ge ‘

(mg/day)|(mg/day)| (mg/day) (mg/day)
[ oz7 | 027 | NA | NA
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[Tto 12 months| 11 | 11 N/A N/A
Tto3years | 7 | 7 | NA | NA
[Totwmm [ © [ © | WA | Wa
;9“1;013year-s§E »8 ‘ | 78 ' N/A = N/A
TIET™ BT T R T
19 to 50 y;a;s‘ﬁ"“‘s“ T | =@ | 3
51+ years ! 8 8 N/A N/A
Table 5: Adequate Intakes (Als) for Calcium
[ Age Male gFén;i-égPregnant% Lac;e;fi;:;;s
Bivth 106 months| 210 mg [ 2103 m;% I
Fizmonte—[oms [Fome ||
l13 years | A50(¢)-mg l 500 mg :
ng“ [some [soome | ]
Bityen L300 meliatome]
114-18 years 1,300mg' 1,300 mg| 1,300 mg | 1,300 mg
{TQ-5O years 1,000 mg1,000 mg| 1,000 mg | 1,000 mg
’504- years 1,200 mg {1,200 mg’
22
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Table 6: Adequate Intakes (Als) for Vitamin D

Age IChildren| Men ?Women‘g Pregnancy |[Lactation’
Y D N RS Y R
' 15 meg \
{Birth to 13 years| f !
_ (200 IU) ‘ :
? |5 mcg |5 meg 5 meg 5 mcg
|14-18 years i | | -
= | (200 TU) (200 TUY|200 IU) ~ |(200 IU)
T S N R
} '5mcg |5 mecg |5 meg |5 meg
119-50 years : | i
1(200 TU) (200 1U)}(200 1U) (200 IU)
110 mcg |10 mcg
151-70 years ‘ i ;
; | (400 TU) (400 1U)
: 115 meg {15 meg -
g71+ years : R E |
' ; (600 IU)|(600 IU)! . '
: : | i ‘

The recommended amount of L-carnitine to be administered is
between 400 mg and 3000 mg for adults, and 20mg and 400mg for
children. Lower amounts may be necessary in preventative cases or
prematufe/neonate cases.

While these ranges may be used as a guide, the best practice is
for the physician to determine the amount based upon the age, weight
and severity of the condition.

For example: a patient (later referred to as Example 2) suffered
cerebrospinal folate deficiency from birth until receiving treatment
more than five years after birth. The child was treated with folinic acid

at 5 mg twice per day. This dosage was necessary to address the
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extreme deficiency the child had developed starting in utero. In other
cases, especially newborns, who may not have yet manifested any
clinical presentations, lower allowances may suffice for prevention
purposes.

In another example: a patient (later referred to as Example 1,
and also a twin of Example 2) suffered from clinical signs of
cerebrospinal folate deficiency at birth. Example 1 received infant
milk formula that contained vitamin B12. However, it was not until
Example 1 received a separate multivitamin nutritional supplement
that contained 2 meg of vitamin B12 (500% more than the 0.4mcg NIH
recommended daily allowance) that Example 1 showed hematological
response. As further addressed in the Examples below, although
Example 1 exhibited at birth and in the months thereafter signs of
cerebrospinal folate deficiency, over time the damages Example 1
suffered as a result of cerebrospinal folate deficiency were not as
severe as Example 2. This is due to Example 1 receiving additional
vitamin B12 supplementation after birth and obtaining hematological
response.

To the exteﬁt that this invention is treéting a fetus, a premature
newborn or a term neonate who may also be receiving adequate
nutritional supplementation from other sources given such individual’s
then current medical status, trace amounts of folate and B12 can be
sufficient to prevent the thyroid-related medical conditions. What is
important is to determine the total amounts of these vitamins from all
of the mother’s nutritional intake in determining the proper amounts
to be administered by this embodiment of the invention.

In another embodiment, this invention provides a method to
prevent and/or treat harmful conditions that arise from
hyperthyroidism. While it is more common that folate deficiencies arise

from hypothyroidism, patients with hyperthyroidism are also at risk
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due to the fact that they are taking drugs that suppress thyroid
function. The administration of folate, or reduced folates, and vitamin
B12 will help prevent or treat problems in conditions that arise when
the thyroid is suppressed to levels that will cause folate deficiency. One
of the discoveries of this invention is that there are incidents where
people who have been taking anti-thyroid drugs have taken an amount
that actually lowered the thyroid function to below normal or that have
adversely affected the hematological or hepatic conditions of the
patient. A preferred embodiment of the invention prevents and/or
treats the complications that arise from such abnormal function. This
preferred embodiment would couple treatment of anti-thyroid drugs
with the administration of a folate, or a reduced folate, and vitamin
B12. In another embodiment, this administration may also be coupled'
with the administration of iron, L-carnitine, calcium or vitamin D,
which may be administered by any manner already known in the art.

In one embodiment, the condition that is a result of improper
thyroid function is cerebrospinal folate deficiency. In another .
embodiment, masked megaioblastic anemia or a masked macrocytic
anemia, or a macrocytic anemia is the condition that is a result of
improper thyroid function. Both of these conditions have recently been
linked to improper thyroid function. The present invention presents
methods and compositions to prevent and treat cerebrospinal folate
deficiency and masked macrocytic anemias that have arisen in
patients with improper thyroid function.

In one embodiment, a folate and vitamin B12 are administered
to prevent masked megaloblastic anemia or a masked macrocytic
anemia, or a macrocytic anemia in a person that suffers adverse
conditions as a result of thyroid-related medical conditions. In cases of
masked megaloblastic anemia or masked macrocytic anemia, or a

macrocytic anemia this administration may be coupled with the
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administration of iron. The amount of iron necessary will be dependent
upon the amount of iron anemia. It is to be cautioned, that overdoses of
iron are also harmful and could interfere with certain thyroid drugs’
absorption rates. In another embodiment this administration may also
be coupled with the administration of calcium, yet, it should also be
noted that calcium may interfere with the absorption rate of certain
thyroid drugs. Both the iron and the calcium may be administered by
any manner already known in the art. In another embodiment, this
administration may also be coupled with the administration of L-
carnitine or vitamin D, which may be administered by any manner
already known 1in the art.

In one embodiment, the condition that is a result of a thyroid-
related medical condition is hepatic dysfunction. In thyroid-related
medical conditions, the hepatic dysfunction can be idiosyncratic or
difficult to diagnose given its unpredictability and sudden onset. The
liver is one of the major sites for folate and vitamin B12 storage and
metabolism. The present invention provides methods and
compositions to prevent and treat the adverse effects caused by hepatic
dysfunction, by the provision of folate, or a reduced folate, and vitamin
B12. In another embodiment, this administration may also be coupled
with the admimstration of iron, L-carnitine, calcium or vitamin D,
which may be administered by any manner already known in the art.

Another condition that results in improper thyroid function is
hypothyroxinemia or other temporary period of hypothyroidism.
Hypothyroxinemia is when a person suffers from an abnormally low
concentration of thyroxine in the blood. Hypothyroxinemia has also
been discovered to be linked to folate deficiency. In one embodiment of
this invention, folate, or reduced folates, and vitamin B12 are
administered to a person with hypothyroxinemia to prevent and/or

treat complications as a result of hypothyroxinemia. In another
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embodiment, this administration may also be coupled with the
administration of iron, L-carnitine, calcium or vitamin D, which may
be administered by any manner already known in the art.

Many times when an individual is treated with radioactive
iodine this impairs normal thyroid function. One embodiment of this
invention prevents and/or treats complications that arise from
treatment with radioactive iodine through the administration of folate,
or reduced folates, and vitamin B12. Additionally, persons may
undergo surgery on or related to the thyroid gland or have other
medical procedures that result in the reduced size or activity of the
thyroid. Complications arising from such treatments may be alleviated
by the administration of folate, or reduced folates; and vitamin B12. In
another embodiment, this administration may also be coupled with the
administration of iron, L-carnitine, calcium or vitamin D, which may
be administered by any manner already known in the art.

A person who may be taking a thyroid stimulating drug to
increase the amount of thyroid hormone may suffer conditions related
to the naturally decreased amount of thyroid hormone. In a preferred
embodiment of the invention, a folatef or a reduced folate, and vitamin
B12 are administered along with the thyroid stimulating drug to a

person taking a thyroid stimulating drug. In another embodiment, this

-administration may also be coupled with the administration of iron, L-

carnitine, calcium or vitamin D, which may be administered by any
manner already known in the art.

Clinical conditions from abnormal thyroid function in pregnant
or nursing women may be passed along to the fetus and/or later
newborn. One embodiment of this invention will administer folate, or a
reduced folate, and vitamin B12 to these pregnant or nursing women.
Some thyroid-related medical conditions prevent absorption and/or

reduction of folates in pregnant women. Thus, even though a pregnant
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woman may be taking a prenatal vitamin supplement that includes a
folate (generally folic acid), the thyroid-related medical conditions are
preventing the biologically active folate‘s from reaching the fetus. Thus,
the fetus then suffers the adverse conditions from the thyroid-related
medical condition of the mother. The embodiments of this invention,
providing reduced folates to a pregnant woman with thyroid-related
medication conditions, will help prevent the fetus from suffering
adverse effects by providing the necessary reduced folates for
development. In another embodiment, this administration may also be
coupled with the administration of iron, L-carnitine, calcium or
vitamin D, which may be administered by any manner already known
in the art.

Additionally, other thyroid-related medical conditions can cause
vitamin B12 deficiencies in pregnant women. Even if the mother is
taking a prenatal vitamin with folates and/or vitamin B12, the thyroid-
related medical conditions can impair the mother’s ability to reduce
the folates into its biologically active form. Thus, the newborn suffers
adverse conditions. The embodiments of this invention, provide
vitamin B12 to a pregnant woman with thyroid-related medication
conditions and will help prevent the fetus from adverse effects by
providing thé necessary vitamin B12 to enable the reduction of folates
needed for development. In another embodiment, this administration
may also be coupled with the administration of iron, L-carnitine,
calcium or vitamin D, which may be administered by any manner
already known in the art.

Common treatment for thyroid conditions is the administration
of anti-thyroid drugs. An anti-thyroid drug is a hormone antagonist
acting upon thyroid hormones. Examples include: propylthiouracil,

methimazole, carbimazole, and potassium perchlorate.
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Since people taking an anti-thyroid drug are susceptible to
developing conditions related to decreased folate levels, one
embodiment of this invention provides a composition which comprises
an anti-thyroid drug coupled with a folate, or a reduced folate, and

5 vitamin B12. Administration of these nutrients along with the drug
- would prevent a folate deficiency from arising or treat a folate
deficiency.

Propylthiouracil is a common anti-thyroid drug. Propylthiouracil
is a thioamide drug used to treat hyperthyroidism (including Graves

10  disease) by decreasing the amount of thyroid hormone produced by the
thyroid gland. PTU inhibits the enzyme thyroperoxidase.
Propylthiouracil is classified as Drug Class D in pregnancy. Class D
signifies that there is positive evidence of human fetal risk. Maternal
benefit may outweigh fetal risk in life-threatening situations. The

15  primary effect on the fetus from transplacental passage of PTU is the
production of a mild hypothyroidism when the drug is used close to
term. This usually resolves within a few days without treatment. The
hypothyroid state may be observed as a goiter in the newborn and is
the result of increased levels of fetal pituitary thyrotropin. In one

20 embodiment, a composition of propylthicuracil, folate, or a reduced
folate, and vitamin B12 is created to be administered to people who
need to take anti-thyroid drugs.

Methimazole is another common anti-thyroid drug. In another
embodiment, a composition of methimazole, folate, or a reduced folate,

25 and vitamin B12 is created to be administered to people who need to
take anti-thyroid drugs.

This invention is not limited to the specific anti-thyroid drugs
that are mentioned, rather a composition of any anti-thyroid drug may
be coupled with a folate, or reduced folate, and vitamin B12. In

30 another embodiment, this administration may also be coupled with the
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administration of iron, L-carnitine, calcium or vitamin D, which may

be administered by any manner already known in the art.

VI. Treatment Methods

| Many embodiments of this invention require the administration
of folate, or reduced folates, and vitamin B12. Folates are administered
to treat the folate deficiency created by the thyroid-related medical
conditions. In one embodiment, folic acid is the folate that is
administered with the vitamin B12. Folic acid is not biclogically active,
but it is an effective treatment for many people who have the ability to
convert folic acid into its tetrahydrofolate derivatives.

In some instances folic acid treatment is not enough as folic acid
is not the biologically active form of folate. Some individuals have
difficulty reducing folic acid into its more biologically active form,
therefore, it is necessary to provide these individuals with a reduced
folate. A pfeferred embodiment of the invention is the administration
of a reduced folate with vitamin B12.

It is estimated that administration of a reduced folate with
vitamin B12 is sufficient to prevent and treat a large percentage of
people with thyroid conditions. However, a material percentage must
still receive 5-methyltetrahydrofolic acid and vitamin B12 to
adequately prevent and/or treat the conditions brought upbn by the
folate deficiencies due to thyroid-related medical conditions. This is the
most preferred embodiment of the invention. Indeed, even ifan
individual’s blood levels of folate are treated and brought to normal, if
the degree of folate deficiency was significant or prolonged over a
sustained period of time such that the individual’s folate stores were
depleted, then the cerebrospinal folate levels will remairi low despite

normalization of folate levels in the blood.
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Further, while in some cases the treatment of folate may be
enough to treat the folate deficiencies, in other cases the
administration of vitamin B12 is essential. Vitamin B12 is essential for
folates to become biologically active. It has been observed that one may
suffer cerebrospinal folate deficiency and yet have normal folate blood
levels. That 1s because there 1s folate that is in the blood, however,
because of the deficiency in vitamin B12, the folate does not become
biologically active.

For example: Example 1 and Example 2 (as discussed below)
were born and diagnosed with hypothyroidism. Upon birth, Example 1
presented with more severe clinical conditions than Example 2.
However, Example 1 received an additional multivitamin nutritional
supplement that included 2mcg of vitamin B12. Example 2 did not
receive the same multivitamin nutritional supplement that included
2mcg of vitamin B12. Approximately five years after birth, Example 2
was tested for cerebrospinal folate deficiency and was found to be
deficient in cerebrospinal folate. Example 1 was tested approximately
four months after Example 2’s cerebrospinal folate test and was

normal in cerebrospinal folate values.

VII. Compositions
One embodiment of the invention includes a composition of an

anti-thyroid drug, folate, and vitamin B12. In one embodiment of this
invention, this composition would be administered to a pregnant
woman with hyperthyroidism. The anti-thyroid drugs could be any
drug that has been approved to treat an overactive thyroid gland or
suppress thyroid function. A nonexclusive list includes:
propylthiouracil, methimazole, carbimazole, and potassium
perchlorate. The amounts of anti-thyroid drug would be the amounts a

physician would prescribe that is appropriate for the patient’s

31

CA 3031481 2019-01-25



10

15

20

25

- 30

condition. The amount of folate should be at least 30% or more of the
generally recommended allowance by the NIH, depending on what
additional supplements the patient may be taking. The amount of
vitamin B12 should be at least 30% or more of the generally
recommended allowance by the NIH, depending on what additional
supplements the patient may be taking. Dosage amounts may need to
be increased or decreased depending on such factors. For instance,
with respect to Example 1 (as discussed above and below), 2 mcg of
vitamin B12 per day was required for Example 1 to show
hematological improvement, which equates to a 500% increase over
NIH’s recommended daily allowance. This composition may be
administered by any means necessary already known in the art. In a
preferred embodiment, the composition would be administered in a
capsule containing all three elements. The capsule could be made by
any means necessary already known in the art.

The combination of an anti-thyroid drug and folate and vitamin
B12 will serve to provide folate and vitamin B12 to the patient and
prevent folate deficiencies including cerebrospinal folate deficiency.
The vitamin B12 is necessary to help the folate transport into the
cerebral spinal fluid. ‘

In a more preferred embodiment of the invention, a composition
would include an anti-thyroid drug, a reduced folate, and vitamin B12.
The amount of reduced folate should be at least 30% or more of the
generally recommended allowance of folic acid by the NIH, depending
on what additional supplements the patient may be taking. Dosage
amounts may need to be increased or decreased depending on such
factors. Since reduced folates are more biologically active, a reduced
folate would be more effective in treating folate deficiencies.
Additionally, those individuals who reduce folic acid would be

benefitted by taking a reduced folate. It is estimated that this
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composition would be effective for a significant percentage of persons
with cerebrospinal folate deficiency. For the remaining population, 5-
methyltetrahydrofolic acid is necessary.

In a more preferred embodiment of the invention, a composition
would include an anti-thyroid drug, 5-methyltetrahydrofolic acid, and
vitamin B12. The amount of 5-methyltetrahydrofolic acid should be at
least 30% or more of the generally recommended allowance for folic
acid by the NIH. In another preferred embodiment, the amount of 5-
methyltetrahydrofolic acid should be based on a formula of 0.1-
1.0mg/kg/day. Depending on what additional supplements the patient
may be taking, dosage amounts may need to be increased or decreased
depending on such factors.

Since other complications arise from thyroid-related medical
conditions, another embodiment of this invention includes a
composition that includes an anti-thyroid drug, a folate, vitamin B12,
and/or iron, and/or L-carnitine and/or calcium and/or vitamin D. L-
carnitine has shown to improve mental development in cellular
metabolism. These functions are necessary for those susceptible to
folate deficiencies. In addition, Example 2 (described below) became
hypothyroid as a result of anti-thyroid drug treatment in the mother.
At the time Example 2 was diagnosed with cerebrospinal folate
deficiency, Example 2 also had a deficiency in L-carnitine. Anti-
thyroid drugs have been shown to cause hypothyroidism, and
hypothyroidism causes iron deficiencies; therefore, iron supplements
may be suitable to correct any iron deficiency. Further, to the extent
the hyperthyroidism treatment causes hypothyroidism,
hypothyroidism has been found to be associated with
hypoparathyroidism. Calcium is effective in the treatment of
hypoparathyroidism, and vitamin D assists in the absorption of

calcium.
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In another embodiment of the invention, a composition would
include a thyroid-stimulating drug, folate, and vitamin B12. In one
embodiment of this invention, this composition would be administered
to an individual with hypothyroidism. The thyreid-stimulating drug
could be any drug or hormone that has been approved to treat
underactive thyroid function. A nonexclusive list includes:
Levothyroxine, Levothyroxine Sodium, Liothyronine Sodium, Liotrix,
Thyroglobulin, Thyroid, Thyroxine, Triiodothyronine, Levoxyl,
Synthroid, Levo-T, Unithroid, Levothroid, Levoxine, Levolet,
Novothyrox, Triostat, Cytomel and Thyrolar. The amounts of thyroid-
stimulating drug would be the amounts a physician would prescribe
that is appropriate for the patient’s condition. The amount of folate
should be at least 30% or more of the generally recommended
allowance by the NIH, depending on what additional supplements the
patient may be taking. The amount of vitamin B12 should be at least
30% or more of the generally recommended allowance by the NIH,
depending on what additional supplements the patient may be taking.
Dosage amounts may need to be increased or decreased depending on
such factors. For instance, with respect to Example 1 (as discussed
above and below), 2 mcg of vitamin B12 per day was required for
Example 1 to show hematological improvement, which equates to a
500% increase over NIH's recommended daily allowance. This
composition may be administered by any means necessary already
known in the art. In a preferred embodiment, the composition would be
administered in a capsule containing all three elements. The capsule
could be made by any means necessary already known in the art.

The combination of a thyroid-stimulating drug and folate and
vitamin B12 will serve to provide folate and vitamin B12 to the patient

and prevent folate deficiencies including cerebrospinal folate
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deficiency. The vitamin B12 is necessary to help the folate transport
into the cerebral spinal fluid.

In a more preferred embodiment of the invention, a composition
would include a thyroid-stimulating drug, a reduced folate, and
vitamin B12. The amount of reduced folate should be at least 30% or
more of the generally recommended allowance of folic acid by the NIH,
depending on what additional supplements the patient may be taking.
Dosage amounts may need to be increased or decreased depending on
such factors. Since reduced folates are more biologically active, a
reduced folate would be more effective in treating folate deficiencies.
Additionally, those individuals who reduce folic acid would be
benefitted by taking a reduced folate. It is estimated that this
composition would be effective for a significant percentage of persons
with cerebrospinal folate deficiency. For the remaining population, 5-
methyltetrahydrofolic acid is necessary.

In a more preferred embodiment of the invention, a compbsition
would include a thyroid-stimulating drug, 5-methyltetrahydrofolic
acid, and vitamin B12. The amount of 5-methyltetrahydrofolic acid
should be at least 30% or more of the generally recommended
allowance for folic acid by the NIH. In another embodiment, the
amount of 5-methyltetrahydrofolic acid should be based on a formula of
0.1-1.0mg’kg/day. Depending on what additional supplements the
patient may be taking, dosage amounts may need to be increased or
decreased depending on such factors.

Since other complications arise from thyroid-related medical
conditions, another embodiment of this invention includes a
composition that includes a thyroid stimulating drug, a folate, vitamin
B12, and/or iron, and/or L-carnitine and/or caleium and/or vitamin D.
L-carnitine has shown to improve mental development in cellular

metabolism. These functions are necessary for those susceptible to
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folate deficiencies. In addition, Example 2 (described below) became
hypothyroid as a result of anti-thyroid drug treatment in the mother.
At the time Example 2 was diagnosed with cerebrospinal folate
deficiency, Example 2 alsc had a deficiency in L-carnitine.
Hypothyroidism causes iron deficiencies; therefore, iron supplements
may be suitable to correct any iron deficiency. Further,
hypothyroidism has been found to be associated with
hypoparathyroidism. Calcium is effective in the treatment of
hypoparathyroidism, and vitamin D assists in the absorption of

calcium.

_VIII. Examples

The following examples illustrate the medical conditions
presented in twins who were born to a mother diagnosed with
hyperthyroidism who had excessive anti-thyroid drug treatment
during the pregnancy that, as a result, created a hypothyroid state in
the mother as well as a hypothyroid state in the twin neonates.

Example 1 and Example 2 were both infant patients.

Both Example 1 and Example 2 were born to a mother who was
diagnosed with hyperthyroidism and was treated with excessive anti-
thyroid drugs during the pregnancy, thus creating a hypothyroid state
in the mother, and in the fetuses. It was later determined that both
Example 1 and Example 2 were hypothyroid in utero.

Both Examples 1 and 2 received thyroid stimulating drugs
after birth and became euthyroid within approximately one week of
birth.

Immediately after birth, Example 1 had evidence of
megaloblastic anemia and neutropenia. Example 2 had evidence of
masked megaloblastic anemia, as well as neutropenia that may have

been masked. It is notable that Example 2’s hematological testing was
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performed approximately one hour after Example 1's hematological
testing, a period of time in which neutrophil and white blood cell
values have been shown to rise. Both Example 1 and Example 2
showed signs of hepatic dysfunction. It is notable that the mother
showed signs of idiosyncratic hepatic dysfunction during the pregnancy
while taking anti-thyroid drugs.

Both Example 1 and Example 2 were treated for iron
deficiencies with iron supplements.

Example 1 and Example 2 received different nutritional
supplementation with respect to vitamin B12. Although Example 2
did receive the same infant milk fo;'mula that Example 1 received,
which infant milk formula contained vitamin B12, Example 2 received
less of the infant milk formula than Example 1, and Example 2
received in lieu of the infant milk formula more of the breast milk from
the hypothyroid mother. Example 1 also received an additional
multivitamin nutritional supplement that included 2meg of vitamin
B12. Example 2 received a different version of the multivitamin
nutritional supplement that did not include vitamin B12.

When Example 1 received the additional nutritional supplement
containing 2mcg of vitamin B12, Example 1 showed prompt
hematological response by an increase 1n reticulocytes, moving from
below normal to normal, which is evidence of a treated vitamin B12
and/or folate deficiency. Example 2, however, showed regression in
reticulocyte values and remained below normal, evidencing a
continued vitamin B12 and/or folate deficiency.

Both Example 1 and Example 2 exhibited signs associated with
cerebrospinal folate deficiency at birth and within the ensuing year,
including, but not limited to, failure to thrive, drowsiness, pallor,
glossitis, sepsis and septicemia, as well as neurological manifestations

including cognitive impairment, movement disorders and peripheral
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versions of the symptoms, including behavioral and social issues and
painful movement disorders.

In summary, it has been determined that the proper maternal
folate metabolism, which was altered by the excessive anti-thyroid
drug treatment, the mother's hypothyroidism, and pernicious anem-ia,
critically affected delivery of folate to the embryo and transport of
intact folate across the placenta. This means that Example 1 and
Example 2 began to suffer from systemic folate deficiency in the womb,
and systemic folate deficiency leads to cerebrospinal folate deficiency.
Example 1's and Example 2’s folate condition was also impacted by
their own hypothyroidism and placental transfer of the mother’s anti-
thyroid drug. It is notable that the thyroid stimulating drugs that
Example 1 and Example 2 received immediately after birth and which
brought each of them to a euthyroid state within approximately a week
did not sufficiently address cerebrospinal folate deficiencies, nor was
the prompt hematological response seen in Example 1 after additional
vitamin B12 supplementation associated with the thyroid stimulating
drugs treatment.

Both Example 1 and Example 2 displayed a number of
conditions consistent with cerebrospinal folate deficiency. Example 1
and Example 2 are similar in that both Example 1 and Example 2 had
a mother treated with an anti-thyroid drug and that was diagnosed
with hypothyroidism, thereby resulting in hypothyreidism in Example
1 and Example 2. Additionally, both Example 1 and Example 2 had
gotters at birth, had similar lab treatment in the hospi.tal after birth,
and lived a somewhat similar life (food, upbringing, school, same
medications and vitamin supplemeﬁts, vaccinations, etc.) after

discharge from the hospital. One significant difference was that
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Example 1 received more vitamin B12 supplementation than Example

2, and Example 1 showed prompt hematological response.

The importance of reduced folates, especially 5-methyltetrahydrofolate
or folinic acid

Although Example 1 suffered and continues to suffer from
symptoms associated with the onset of cerebrospinal folate deﬁcieﬁcy,
Example 1’s manifestations have been to a lesser degree than Example
2. Example 2 has suffered, and continues to suffer, from symptoms of
cerebrospinal folate tieﬁciency to a greater degree than Example 1.

Approximately five years and three months after birth,
cerebospinal folate levels were observed for the first time in Example
2. Example 1 was tested for cerebrospinal folaté deficiency
approximately four months after Example 2’s testing . Example 1
showed normal levels of cerebrospinal folate, which is consistent with
the additional vitamin B12 support Example 1 received after birth
(and the resulting hematological response), and the lesser degree of
sympfoms associated with the onset of cerebrospinal folate deficiency
that Example 1 has suffered from. Studies have shown that the earlier
the anemias associated with cerebrospinal folate deficiency are
addressed, the better the aaversely impacted individual can overcome
more long-term effects of the associated folate deficiency.
Notwithstanding Example 1’s cerebrospinal folate deficiency test
results, Example 1 still has permanent neurological damage resulting
from cerebrospinal folate deficiency at birth, demonstrating the need
for the methods and compositions of this invention.

Example 2 showed below normal levels of cerebrospinal folate,
which is consistent with Example 2's lack of hematological response
after birth given Example 2’s lesser vitamin B12 supplementation, and

the higher degree of symptoms associated with cerebrospinal folate
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deficiency that Example 2 has suffered from. After Example 2’s
diagnosis, Example 2 was placed on 5-methyltetrahydrofolate in the
form of folinic acid (5mg twice per day). Within approximately four
months, Example 2's cerebrospinal folate levels rose from 32L

5 (preferred range 40-128) to approximately 88 (middle of the range).
Thus after four months of treatment, Example 2 achieved normal
cerébrospinal folate levels, while Example 2 could not achieve such
normal levels within the first five years of Example 2’s life even when
receiving multivitamins with folic acid and vitamin B12. Thus,

10 reduced folates are critical.
After 5-methyltetrahydrofolate treatment, Example 2 showed

improvement in physical, behavioral and social skills.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:
1. A composition comprising:

(a) a substance that acts as a replacement for a hormone that is normally produced by
the thyroid gland, wherein the substance is levothyroxine, levothyroxine sodium,
liothyronine sodium, liotrix, thyroxine, or tritodothyronine, or any combination

thereof’ and
(b) a reduced folate, wherein the reduced folate is 5-methyltetrahydrofolic acid.

2. The composition of claim 1, wherein the reduced folate is 6(S)-5-

methyltetrahydrofolate.

3. The composition of claim 1 or 2, wherein the reduced folate does not contain
calcium.

4. The composition of any one of claims 1 to 3, further comprising vitamin B12.

5. The composition of claim 4, wherein the vitamin B12 is methylcobalamin.

6. The composition of any one of claims 1 to 5, wherein the composition further

comprises iron.

7. The composition of any one of claims 1 to 6, wherein the composition further

comprises L-carnitine.

8. The composition of any one of claims 1 to 7, wherein the composition further

comprises calcium.

9. The composition of any one of claims 1 to 8, wherein the composition further

comprises vitamin D.
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10.

11.

12.

13.

14.

15.

16.

17.

The composition of any one of claims 1 to 9, wherein the composition is for

preventing or treating masked megaloblastic anemia.

The composition of any one of claims 1 to 9, wherein the composition is for

preventing or treating masked macrocytic anemia.

The composition of any one of claims 1 to 9, wherein the composition is for

preventing or treating hepatic dysfunction.

The composition of any one of claims 1 to 9, wherein the composition is for

preventing or treating MTHFR polymorphism.

Use of the composition as defined in any one of claims 1 to 9 in the manufacture of a

medicament for preventing or treating masked megaloblastic anemia.

Use of the composition as defined in any one of claims 1 to 9 in the manufacture of a

medicament for preventing or treating masked macrocytic anemia.

Use of the composition as defined in any one of claims 1 to 9 in the manufacture of a

medicament for preventing or treating hepatic dysfunction.

Use of the composition as defined in any one of claims 1 to 9 in the manufacture of a

medicament for preventing or treating MTHFR polymorphism.
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