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Thyroid Balance

The thyroid is an endocrine gland in the neck that produces two thyroid hormones -
triiodothyronine (T3) and thyroxine (T4), and calcitonin. Thyroid hormones control the

metabolism of almost every cell in the body, with wide-ranging metabolic, developmental and

cardiovascular effects.
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Thyroid Balance

HPT Axis Diagram
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The next diagram
shows T3, T4 and
rT3 transport and
activation in the cell.
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Thyroid Balance

Transport and Activation Diagram

T3 (with some rT3) and T4
Tra nsport from the Thyroid.
See previous diagram.
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Detailed Results for HPT Axis
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No variance. No impact on TSH levels or thyroid hormone levels.
This SNP is located near to the CAPZB gene. Consider this result
alongside PDE8B which may also influence TSH levels.

Normal regulation of cortisol in response to stress¢No
disruption to the HPT axis negative feedback logp. Regardless of
FKBP5 genotype, chronic psychological or physical stress€an
increase cortisol and negative feedback on the|HPT axis, and
reduce TSH and thyroid hormone synthesis.

Normal GPX activity. GPX supports the removal of hydrogen
peroxide (H202) by glutathione, which protect cells from
oxidative damage. Normal (n6t increased) risk-of developing TPO
antibodies and Hashimoto's thyroiditis. GPX is selenium
dependent.

No impact on thyroid gland sensitivity to TSH or levels of TSH.
Not associated with-risk of hypothyroidism or'miscarriage.
Consider this‘result alongside CAPZB which'may also influence
TSH levels.

Normal activity, No increased risk of developing autoimmune
thyroid disease. Tg provides tyrosine for thyroid hormone (TH)
synthesis and enables storage of inactive TH and iodine. Tg is a
major AITD susceptibility gene. As the C allele is recessive a
homozygous genotype (CC) is required to have a negative
impact,

Increased risk of developing TSI antibodies which overstimulate
TSHRand increase TSH levels. This can result in Graves’ disease
(hyperthyroidism) or, less frequently, Hashimoto's. TSI
antibodies are further stimulated by inflammatory substances
such'as TNF. Anti-inflammatory nutrients such as vitamin D may
help reduce risk.
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Thyroid Balance

A Guide to the Thyroid System

This guide contains detailed explanations of the metabolism and genes involved for each of these
sections: HPT Axis, Autoimmune and Inflammation, Transport, Activation, and Metabolism. In addition,
a Thyroid Functional Testing section explains the different tests possible to check the thyroid condition.

The HPT Axis

The Hypothalamus-Pituitary-Thyroid Axis is the
core pathway for thyroid hormone synthesis.

The hypothalamus produces TRH (Thyrotropin
Releasing Hormone) that binds to its receptor
TRHR in the pituitary gland. This stimulates the
pituitary gland to produce TSH (Thyroid
Stimulating Hormone), as well as prolactin. TSH
interacts with the TSHR (Thyroid Stimulating
Hormone Receptor) stimulating the thyroid
gland to synthesise and release thyroid
hormone.

The CAPZB and PDES8B genes regulate levels o
TSH. Having a SNP on either of these genes can

SNPs on the TSHR gene can increase
sensitivity of TSHR to TSI (Thyroid Sti
Immunoglobulin), increasing TS
and the risk of hyperthyroidism a
disease.

synthesised by theA
about 90% of T4,

ises’iodide to iodine, with the
peroxide (H202), and
onjugation of tyrosine residues
ake T4, T3 and rT3. The GPX1
(Glutathione Peroxidase 1) gene is critical to
removal of excess H202, which can otherwise
damage the thyroid. Selenium is needed to
make glutathione peroxidase, and glutathione is
needed as a cofactor. Fluoride and chlorine have
been associated with higher TSH and
hypothyroidism.

e TPO gene oxi
cofactor hydro
cataly

Thyr0|d hormone levels are kept in balance via

timulate the thyroid
roidism. Environmental

particularly Hashimoto's. Other nutrients that
are necessary for HPT support are tyrosine, iron,
selenium and glutathione. Conversely, chlorine
and fluoride, even at low levels, can inhibit
thyroid hormone synthesis. Genetic variances
(SNPs) on the genes involved in the HPT Axis
mean that the risk of developing thyroid
imbalances varies significantly between
individuals.

Autoimmune and Inflammation

Autoimmune thyroid diseases (AITDs) result
from dysregulation of the immune system
leading to an immune attack on the thyroid.
Thyroid autoantibodies develop when a person's
immune system mistakenly targets components
of the thyroid gland or thyroid proteins, leading
to chronic inflammation of the thyroid
(thyroiditis), tissue damage, and/or disruption of
thyroid function.
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Thyroid Balance

The prevalence of AITDs is estimated to be 5%
however, the prevalence of antithyroid
antibodies without clinical disease may be even
higher, and women have far greater risk than
men.

The two main AlTDs are Graves' disease (GD)
and Hashimoto's thyroiditis (HT). While clinically
different, Graves' disease and Hashimoto's
thyroiditis share immune-genetic mechanisms.
AITDs are T cell-mediated organ-specific
autoimmune disorders and are the most
frequent autoimmune disorders and the most
common pathological conditions of the thyroid
gland.

Genetic variants provide the primary risk for
AITDs. Several genes have been identified as
significantly associated with AITDs and the
presence of thyroid antibodies. Indeed, AITDs
arise due to complex interactions between
numerous environmental and genetic factors.

Genes that confer susceptibility to AITDs have
been identified and grouped as:

*  Thyroid-specific genes: TSHR, GPX1 &

*  Immune-modulating genes;
CTLA4, PTPN22 and FOXE1

Thyroid hormone transporters are key to thyroid
hormone action and function. Circulating T4 and
T3 do not passively cross cell membranes and

need to be actively transported including to and

from liver, thyroid follicular cells and astrocytes
and neurons in the brain. There are three main
transporters types: MCTs (monocarboxylate
transporters), Solute Carrier Organic Anions
(SLCOs) (also called Organic Anion Transporting
Peptides OATPs) and LATs (L-type amino acid
transporters).

e thyroid and peripheral tissue cells, the
deiodinases (DIOs) 'de-iodinate' (remove iodine)
from thyroid hormones to activate or deactivate
them, and release iodine for reuse. DIOs are
selenocysteine-dependent membrane proteins
which means they need selenium to function.
Selenium deficiency can therefore contribute to
lower T3 levels. There are three major
deiodinases: DIO1, DIO2 and DIO3.

DIO1 is the main DIO in the thyroid gland. It
activates T4 to T3 (and rT3) and de-activates rT3
to T2. DIO1 activity is impacted by iodine
deficiency. SNPs can also result in lower DIO1
activity and consequently (lower) T3, higher T4
and rT3, and may increase the risk of
depression.
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Thyroid Balance

DIO2 is the major converter of T4 to T3 in the
thyroid and in peripheral tissue cells. It is widely
expressed, including in the thyroid and the
brain. DIO2 is upregulated in the thyroid in
Graves' disease and follicular adenomas. The
DIO2 rs225014 SNP is associated with lower
DIO2 expression which can lead to
hypothyroidism, depression and fatigue.
Another DIO2 SNP rs12885300 has been linked
to increased risk of bipolar disorder.

DIO3 is the major deactivator of T4 to rT3. Itis
active in pregnancy and newborns and
reactivated in critical illness and starvation (or
fasting). There are no meaningful DIO3 SNPs to
report.

The majority of hypothyroid patients are treated
with L-thyroxine which requires deiodination to

T3 for physiological activity. However, changes in
DIO function could impair L-thyroxine therapy.
Indeed, the rs225014 SNP on the DIO2 gene is
implicated in decreased clinical effect of T4
therapy. Therapeutic considerations in the
context of DIO2 SNPs and hypothyroidisn

genomic or non- geno
hormone receptors

is-activated by retinoic acid and
subsequently forms heterodimers with THRs
(and Vitamin D Receptors) stimulating genomic
transcription and translation which are
necessary for growth and development.

Hence we report SNPs on the BCO1, GC and VDR
genes which impact availability and sensitivity to
retinol and vitamin D.

Metabolism

Thyroid hormones are metabolised through the
Phase 2, sulphonation and glucurenidatio
detoxification pathways in the live
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retinoids, as well as xenobiotics such as
environmental chemicals, pollutants and
medication. UGT1A1 is the main contributor to
hyroid hormone glucuronidation in the liver
with rT3 being the main substrate, and some
metabolism of T4. UGT1A1 transforms these
thyroid hormones to iodothyronine
glucuronides, using UDP-glucuronic acid as
cofactor. When thyroid hormones are elevated,
glucuronidation becomes more important as a
mechanism to return levels to normal. However
beta-glucurodinase bacteria, which can be
elevated in dysbiosis, can liberate the
glucuronides which are then reabsorbed.
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Thyroid Balance

Functional Testing Testing for thyroid antibodies, such as thyroid
peroxidase antibody (TPO), is usually ordered to
help diagnose an autoimmune thyroid disease
and to distinguish it from other forms of thyroid
dysfunction. There are many different
methodologies for thyroid antibody testing and
each has different reference ranges eone

Thyroid functional tests are used to check the
function of the thyroid. They may be requested
if a patient is thought to suffer from a thyroid
condition or to monitor thyroid hormone levels
or response to medication.

The first test a health practitioner will usually
order to detect thyroid dysfunction is a test for
thyroid stimulating hormone (TSH). If the TSH
level is abnormal, a test for free thyroxine (free
T4) can confirm the diagnosis. Optimal reference
ranges depend on the method of analysis and
will vary according to the laboratory.

TSH - to test for hypothyroidism,
hyperthyroidism, screen newborns for
hypothyroidism, and monitor treatment for
thyroid disorders

Free T4 - to test for hypothyroidism,
hyperthyroidism, screen newborns for

hypothyroidism, and to monitor treatment of
thyroid disease

Free T3 - primarily to test for hyperthyroidisn

when people are iodine-deficie

makes much more T3 than T4 - C Reactive Protein - a marker for

mmation

infle

Calcitonin - to help detect the presence of
excessive calcitonin production (can occur in
some thyroid cancers)

Thyroglobulin - to monitor the treatment of
thyroid cancer and to detect recurrence

Fine-needle biopsy - inserting a needle into the
thyroid and removing a small amount of tissue
and/or fluid from a nodule or other area for
examination

Thyroid scans - that use radioactive iodine to
look for thyroid gland abnormalities and to
evaluate thyroid function (for iodine uptake) in
different areas of the thyroid

Thyroflex - a non-invasive test which measures
the speed of the brachioradialis reflex in your
forearm
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How to Read the Report

Genes

Results are listed in order of the gene short
name. The 'rs' number is the reference
sequence number that identifies a specific
location on the genome. It is also known as a
SNP (Single Nucleotide Polymorphism)
pronounced 'snip', polymorphism or mutation.

Personalised Result

I —
GPX1 AGY Less efficient removal of hydrogen peroxide, which can increa
rs1050450 risk of accumulation an idative damage, TPO antibodie d
Hashimoto's. i ioxXi , particularly
glutathione and selenium.

/

Arrow Direction

enotype result highlight indicates
the potential effect of the SNP on gene
function in a particular context.

RED the effect of the variant is
negative

the effect of the variant is
somewhat negative

GREEN no variation, or the effect of
the variant is positive
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