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ABSTRACT

Background & Objective: Graves’ disease (GD) is an autoimmune condition that targets the thyroid gland, resulting
in excessive stimulation and synthesis of thyroid hormones. Excessive synthesis of these hormones can lead to
symptoms such as loss of body weight, accelerated heart rate, irritability, reduced tolerance to heat, and excessive
perspiration. Alpha-Klotho (KL), a protein crucial for physiological processes, is also involved in GD. The defective
immunological condition of GD patients may increase Klotho expression, and the enhanced expression of fibroblast
growth factor-23 (FGF23) in GD may be linked to the disease pathophysiology.

We investigated serum levels of KL and FGF23 in Iraqi patients with Graves’ disease, analyzing correlations with
clinical status and evaluating their potential as biomarkers for disease activity.

Methodology: We conducted this cross-sectional study at The National Diabetes Center, Mustansiriyah University,
between December 2022 and April 2023. The study involved 103 patients diagnosed with GD, and 103 patients,
aged 21-70vy, as a control group. Patients with multinodular goiter, single thyroid nodules, thyroiditis, pregnant
women, and those on medications or oral contraceptives, were excluded.

Result: clinical significance of FGF23 and Klotho (KL) levels in patients with Graves’ disease (GD) compared to a
control group. Results indicate that the median of KL levels are significantly higher in GD patients (KL = 6.31)
compared to the control group (KL = 2.40), with a highly significant difference (P < 0.001). In contrast, differences in
median of FGF23 levels between GD patients (149) and controls (86.05) were not statistically significant (P = 0.07).
Furthermore, KL levels were significantly higher in hyperthyroid patients compared to other thyroid statuses (P =
0.023), while FGF23 levels did not significantly differ across thyroid statuses (P = 0.255). Additionally, the study found
a strong correlation between TRAb levels and both KL (r = 0.291, P < 0.001) and FGF23 (r = 0.211, P = 0.003), and
between KL and FGF23 directly (r = 0.412, P < 0.001). These findings suggest that while KL may be a significant
biomarker in GD, FGF23 relevance appears limited in this context.

Conclusion: In Graves’ Disease patients have significantly higher levels of KL and FGF23 compared to controls,
suggesting a distinct pathophysiological role for these biomarkers in mineral homeostasis and thyroid hormone
regulation.

Abbreviations: AITD - Autoimmune thyroid diseases; KL - Alpha-Klotho; FGF23 - fibroblast growth factor-23; GD -
Graves’ disease; HT - Hashimoto's thyroiditis; IGF-1R - Insulin-like Growth Factor-1 Receptor;
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1. INTRODUCTION

Autoimmune thyroid diseases (AITD) are caused by
malfunction of immunological systems leading to an
immune assault on the thyroid. Among autoimmune
illnesses and pathogenic thyroid gland disorders, T-cell-
mediated organ-specific autoimmune diseases (AITD)
are the most often occurring ones.! Hashimoto's
thyroiditis (HT) and Graves’ disease (GD), two main
clinical presentations of AITD, are typified by
lymphocytic invasion of the thyroid parenchyma. The
individual clinical symptoms of GD and HT are
thyrotoxicosis and hypothyroidism. Estimates place
AITD at 5% of the population.? Although GD, the most
prevalent cause of hyperthyroidism, affects
approximately 20 to 50 individuals out of every 100,000
annually. Characterized by an autoimmune response that
leads to the overstimulation of thyroid cells, GD triggers
a cascade of systemic effects due to excess thyroid
hormone production.® The disease predominantly affects
women between the ages of 30 and 60 y, with women
being significantly more likely to develop GD compared
to men.*

The immune system's dysfunction, particularly through
the formation of autoantibodies against the thyrotropin
receptor, underscores the autoimmune nature of GD,
leading to widespread clinical symptoms ranging from
thyrotoxicosis to severe metabolic disruptions.®
Expression of this non-specific antigen on fibroblasts
and orbital preadipocytes points to possible TSH
receptor expression t00.% There is also a link between
ocular alterations and Thyrotropin Receptor (TSHR)-
opposing stimulating antibody concentration. GD
patients have greater Insulin-like Growth Factor-1
Receptor (IGF-1R) impregnation in the thyroid gland
and circling tissues, and self-antibodies against the
receptor activate orbital fibroblasts.” Clinical signs
correlate with the processes of hyperthyroidism and
autoimmune diseases. Since excess thyroid hormones
affect many different physiological systems, the signs
and symptoms of GD can vary substantially and
significantly influence general health.® Common
symptoms are tremor, heat sensitivity and warmth,
weight loss despite consistent eating patterns, anxiety
and irritability, goiter, changes in menstrual cycles, and
others.® Almost all of GD signs and symptoms are caused
by the goiter, pretibial myxedema, and Graves’
ophthalmopathy, which are the primary and secondary
effects of hyperthyroidism (which are caused by the
autoimmune processes of the disease).

The primary signs of the ensuing hyperthyroidism
include sleeplessness. 1° Within this context, the roles of
Alpha Klotho (KL) and Fibroblast Growth Factor-23
(FGF23) in GD have garnered interest due to their
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critical functions in mineral metabolism and potential
implications in thyroid pathophysiology (*!). KL, which
acts as a co-receptor for FGF23, is instrumental in
enhancing the affinity of FGF23 for its receptors.t?
FGF23 itself is pivotal in regulating phosphate
homeostasis and vitamin D metabolism, processes that
are often disrupted in metabolic disorders. Importantly,
studies have suggested that the levels of FGF23 are
elevated in patients with GD, which may contribute to
the altered mineral metabolism observed in these
individuals.t® The regulation of mineral metabolism is a
very intricate process that seeks to manage the amounts
of calcium (Ca**) and phosphate in the bloodstream by
means of the interaction between three hormones and
three bodily systems.!* Parathyroid hormone (PTH),
vitamin D, and FGF23 work along with the bones,
kidneys, and gut to ensure that there are sufficient
quantities of Ca* and phosphorus (P) in the plasma. Ca**
and P metabolism are intricately interconnected and rely
heavily on each other.® 8 Both ions are controlled by
1,25-dihydroxyvitamin-D  (1,25(0OH)2D) (Calcitriol)
and PTH. Therefore, Calcitriol enhances the uptake of
Ca** and P in the gut, whereas PTH promotes the release
of Ca** from bone and the reabsorption of Ca** in the
kidney. FGF23, which is produced by osteoblasts and
osteocytes, has been demonstrated to reduce the
reabsorption of P in the kidney.’®> FGF23 has a role in
maintaining the balance of minerals in the body,
particularly in controlling the levels of P in the blood.
Glycogen storage disease (GSD) is linked to increased
bone remodeling, high levels of phosphates in the blood
(hyperphosphatemia), and raised levels of FGF23 in the
serum. 6

KL is an enzyme that is produced by the KL gene in
humans. The gene associated with an extended longevity
in mice was initially identified in 1997. The klotho
protein is divided into three subfamilies: a-klotho, B-
klotho, and y-klotho. a-klotho stimulates the activation
of FGF23, while B-klotho stimulates the activation of
FGF19 and FGF21.Y" The a-klotho gene is located on
chromosome 13 and encodes a transmembrane protein
with a single-pass integral structure. The o-klotho
protein has a brief intracellular region consisting of 11
amino acids, whereas its extracellular portion is lengthy
and made up of 980 amino acids.*® o -Klotho acts as a
coreceptor for the phosphatonin FGF23 with the FGF
receptor. Additional pleiotropic functions of tissue-
Klotho have been identified, including protection against
oxidative stress, inhibition of apoptosis and fibrogenesis,
promotion of angiogenesis and vascularization,
vasculoprotective properties, and regulation of stem cell
proliferation, all of which may protect against aging.18 °
Strong expression of a-Klotho in thyroid follicular cells
suggests that it may be involved in thyroid hormone
production regulation.?® The elevated expression of
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Klotho in GD may be caused by
the dysfunctional immunological
status of GD patients, which may
have a protective role, while the

Characteristic

Patient Group

(n = 103)

Table 1: Comparison of Kl and FGF23 between the groups

Control Group P-value

(n = 103)

increased expression of FGF23 in k| (pg/mL)
GD may be related to the disease's —\ o0 10R) 6.31 (9.72) 2.40 (6.47) <0.001 M **
pathogenesis.
We ] d Aloha Kloth d Range 0.07-565.21 0.03-10.18
e investigated Alpha Klotho an
FGF23 serum levels in Iragi FGF23 (pg/mL)
Graves’ disease patientS, Median (IQR) 149.00 (246.87) 86.05 (69.46) 0.077M NS
analyzing  correlations ~ with  Range 7.36-2475.3 4.01-169.46

clinical status and evaluating their
potential as biomarkers for the

M: Mann-Whitney U test; NS: not significant; ***: significant at P < 0.01

disease activity.

2. METHODOLOGY

The National Diabetes Center at Mustansiriyah
University, Baghdad, Irag, conducted a cross-sectional
study between December 2022 and April 2023. The
study included 103 healthy adults as a control group,
whose ages ranged from 21 to 70 y. The study involved
103 patients diagnosed with Graves’ disease (GD) by a
consultant endocrinologist, including all thyrotoxic
patients attending the center during the study period,
regardless of their metabolic control status. While some
patients were under metabolic control on antithyroid
drugs, others remained thyrotoxic at the time of
recruitment. The exclusion criteria was patients with
multinodular goiter, single thyroid nodules, thyroiditis,
pregnant women, and those on medications that could
affect the metabolic hormone panel, such as oral
contraceptives.

2.1. Sample collection

A volume of 5 ml of venous blood was collected from
the veins on the back of the hand or in the area in front
of the elbow. The blood was then put in a tube with
clotting agent and allowed to coagulate for 20 min. Next,
perform centrifugation at a speed of 2000-3000 RPM for
aduration of 10 min. The sera were subsequently divided
into two Eppendorf tubes for instant testing.

Determination of KL and FGF23

The HumaReader HS measures using the ELISA
concept. The testing basis of these Kits is the quantitative
sandwich enzyme immunoassay method. Precoated onto
a microplate is an antibody specific to the antigen. A
standard pipette was used to pour samples into wells; the
immobilized antibody binds any antigen found there.
The wells were filled with a biotin-conjugated antibody
specific for antigen following the removal of any
unbound molecules. Following washing, the wells were
filled with avidin-conjugated horseradish peroxidase
(HRP). After a wash to eliminate any unbound avidin-
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enzyme reagent, a substrate solution is introduced to the
wells and color develops in line with the initial step's
antigen bound concentration. The color development
pauses, and the color intensity is assessed.

3. RESULTS

The current investigation discovered that increased
FGF23 levels in GD is not clinically significant. The
research methodology, sample size, and particular
parameters under investigation may be the cause of this.
FGF23 might have a variable clinical value in other
illnesses because the importance of biomarkers in a
particular medical condition can vary. Table 1 show that
KL reached 6.31 pg/mL in GD patients, but it drops
down to 2.4 in the control group, and the difference is
highly significant (P < 0.001). however; FGF 23 was
found to be 149 in GD patients and 86.05 in the control
group and the difference is not statistically significant (P
=0.07), but numerically in favor of GD patients.

At the time of enrollment 56.3% are euthyroid being on
antithyroid drugs, while the remining 39.8% are
hypothyroid,  however only 3.9% iatrogenic
hypothyroidism being overtreated antithyroid drugs as
shown in Figure 1.

Hypothyroidism

Hyperthyroidis
m
41
39.8%

]
3.9%

Euthyroidism
58
56.3%

Figure 1: A pie chart illustrates the frequency
distribution of individuals with thyroid illness based
on their thyroid condition.
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Table 2: KL and FGF23 in GD patients with and without proptosis

higher in hyperthyroid status (P
0.023), but there was no

Characteristics Pro_ptosis No_Proptosis P-value significant difference in FGF23
(n = 67) (n = 36) level according to thyroid status

KL (pg/mL) (P =0.255).

Median (IQR) 5.80 (8.79) 6.49 (10.57) 0.855 M

Range 0.16-20.00 0.07-20.00 NS 4. DISCUSSION

FGF23 (pg/mL) The present study investigated

Median (IQR) 152.47 (238.74)  64.51 (277.40) 0.961m  the serum levels of KL and

Range 7.36-375.23 8.01-375.23 NS FGF23 in a sample of Irag

M: Mann Whitney U test; NS: not significant

patients with GD and compared
them to a control group. The

results showed that both KL and

Table 3: Correlation Coefficients among TRAD, KL, and FGF23 in a

Biomedical Study

TRAD KL

r 9] r
FGF23 0.211 0.003 ** 0.412
KL 0.291 < 0.001 *** -

FGF23 levels were significantly
higher in GD patients compared
to healthy controls. Increased
concentration of KL in thyroid

** significant at P < 0.01; *** significant at P < 0.001

P-value follicular cells of GD patients
< 0.001*** suggests that this protein may be
regulated  during  thyroid

hormone  synthesis.??>  The

defective immune status of GD

Comparison of KL and FGF23 is shown in Table 2.
There was no significant difference in KL level and in
FGF23 level (P > 0.05). Table 2 shows that in GD
patients the presence of proptosis had no impact on KL
and FGF23 levels (P = 0.855), (P = 961) respectively.

Table 3 presents the correlation coefficients between
(TRAb), Klotho (KL), and (FGF23) by Pearson
correlation coefficient. The correlation coefficient (r)
and P-values are provided to statistically evaluate the
relationships. TRAb shows a positive correlation with
both FGF23 and KL, indicated by r-values of 0.211 and
0.291, respectively, with statistically significant P =
0.003 and P < 0.001. KL also exhibits a strong
correlation with FGF23, with an r-value of 0.412 and a P
< 0.001.

Comparison of KL and FGF23 in thyroid function
categories is shown in Table 4. KL was significantly

patients may contribute to the
enhanced expression of KL. Similarly, the elevated
FGF23 levels observed in GD patients may be related to
the pathophysiology of the disease. FGF23 is known to
play a role in mineral and phosphate homeostasis, and
dysregulation of this pathway has been implicated in
various thyroid disorders, FGF23 plays a crucial role in
maintaining mineral balance by regulating phosphate
homeostasis and vitamin D metabolism. It lowers kidney
phosphate reabsorption and blocks vitamin D activation,
regulating calcium and phosphate intake. Dysregulation
of FGF23 in thyroid disorders leads to abnormal mineral
metabolism, especially in conditions like GD, where
elevated levels disrupt phosphate and calcium
regulation.’*?® The study found that KL and FGF23
levels were highest in hyperthyroid GD patients and
lowest in hypothyroid patients, with euthyroid patients
showing intermediate values. This pattern likely reflects
the dynamic changes in thyroid hormone status over the
course of the disease. Interestingly, the presence of

Table 4: Comparison of KL and FGF23 Levels Across Thyroid Function Categories

Parameters Hypothyroid Euthyroid Hyperthyroid
(n=4) (n = 58) (n=41)
KL (pg/mL)
Median (IQR) 0.21 (6.46) 4.63 (7.92) 7.79 (10.41) 0.0230*
Range 0.10-8.66 0.07-20.00 0.08-20.00
FGF23 (pg/mL)
Median (IQR) 17.11 (170.03) 144.81 (249.07) 161.37 (260.74) 0.255 O NS
Range 8.06-229.16 7.36-375.23 7.70-375.23
O: One-Way ANOVA; NS: not significant
www.apicareonline.com 839 Open access attribution (CC BY-NC 4.0)
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ophthalmopathy did not seem to impact KL or FGF23
levels. Importantly, the study demonstrated a positive
correlation  between thyroid-stimulating hormone
receptor antibody (TRADb) titers and both KL and FGF23
levels. This suggests that these biomarkers may be useful
in monitoring disease activity and severity in GD
patients. 2

5. CONCLUSION

The study found that patients with Graves’ disease have
significantly higher levels of KL and FGF23 compared
to controls, suggesting a distinct pathophysiological role
for these biomarkers in mineral homeostasis and thyroid
hormone regulation. This study enhances our
understanding of Graves’ disease biomarkers and sets a
foundation for future research on their mechanistic roles
and therapeutic intervention targets.
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