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Summary

Glucocorticoids are one of those medications that are used in
treating various conditions, such as allergy, asthma, arthritis, and cancer
metastasis. With the long-term usage of glucocorticoids, especially long-
term high-dose applications, a series of adverse effects would appear.
These include osteoporosis, hyperglycemia, insulin resistance,
hypertension, severe infection, Cushing-like syndrome, peptic ulcers, and
neuropsychiatric disorders. Glucocorticoids are the most common cause
of secondary osteoporosis, so-called glucocorticoid-induced osteoporosis.
The essential actors in effect of long term use of glucocorticoid of
inducing osteoporosis include parathyroid hormone (PTH), calcium, and
klotho.

The study's objective is to investigate the relationship between
serum levels of PTH, klotho, and calcium in patients with long term use
of glucocorticoid osteoporosis and healthy controls. This study was
designed as a case-control study. 50 patients were involved in this study
(31 females and 19 males) in addition to 50 controls (31 females and 19
males) well-matched with the patients in age and sex.

Body mass index (BMI) with (24-27)Kg/m* for patients and age
was (20- 50) year mean age (39.31 £ 2.07) BMI with (26.96 + 0.8) kg/m*
for control Patients. Samples have been taken from clinics at Marjan
Teaching Hospital, Imam Al-Sadiq Hospital, and Al-Hilla Teaching
Hospital.

The levels of PTH, klotho were measured by ELISA Technique
whereas the level of calcium was measured by colorimetric method
according to the manufacturer manual .As the results of the tests that
were conducted showed that the levels of calcium with long term use of
inducing osteoporosis were significantly lower than healthy people, as the

value of P <0.05. The levels of PTH and klotho in patients were



significantly higher than healthy people, as the value of P <0.05.
Relationship showed significant correlation between klotho and calcium
in long term use of glucocorticoid on bone and its mechanism of inducing
osteoporosis patients. There was a significant correlation between klotho
and PTH (P<0.01 ). Also significant correlation between klotho and
calcium (p<0.001) within long term use of glucocorticoid patients. The
receiver operating characteristic curve test showed a good discriminative
value of klotho, and PTH between long term use of glucocorticoid in
patients and controls. However, the recerver operating characteristic
curve test showed a good discriminative value of klotho and PTH
between long term use of glucocorticoid in patients and controls. The
current study that we conducted leads us to the conclusion that klotho and
PTH could be served as a prospective marker in long term use of
glucocorticoid patients to predict the possibility to develop osteoporosis

at long term use of glucocorticoids.
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1. Introduction

1.1 Glucocorticoids

Synthetic glucocorticoids (GCs), drugs that are structurally and
pharmacologically similar to the endogenous hormone cortisol, are
used to treat a wide range of diseases, most often chronic diseases
such as rheumatologic disorders, autoimmune diseases, allergies, or

respiratory diseases[1].

Glucocorticoids possess various anti-inflammatory,
immunosuppressive, metabolic, and endocrine properties, which have
been hypothesized to be potentially either harmful or beneficial

regarding diseases development[2].

The long-term wuse of glucocorticoids in patients with chronic
inflammatory diseases, such as rheumatoid arthritis, is associated with
severe long-term adverse effects, such as cardiovascular disorders,

infections, and osteoporosis|3].

Glucocorticoids are one of those medications that are regularly
prescribed in both inpatient and outpatient departments. Their anti-
inflammatory activity is generally used in treating various conditions, such as
allergy, asthma, arthritis, inflammatory bowel disease, and cancer metastasis.
However, they have numerous side effects, such as fluid retention, weight
gain, and hyperglycemia. With the long-term usage of glucocorticoids,
especially long-term high-dose applications, a series of adverse events would
appear. These adverse events include osteoporosis, hyperglycemia, insulin
resistance, hypertension, muscle atrophy, severe infection, Cushing-like
syndrome, peptic ulcers, and neuropsychiatric disorders. Actually, it is a real

practical skill of a doctor to be able to properly use glucocorticoids[4].
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Cortisone (hydrocortisone) is physiologically similar to the

internal hormone, and mainly used in the alternative treatment of
adrenal insufficiency and other endocrine diseases. In critical
conditions, such as sepsis, severe asthma, severe drug rashes, and
acute nephritis, high doses of glucocorticoids are used intravenously.
Glucocorticoids could not be used as simple antipyretic analgesic
drugs. Glucocorticoids should be given locally when patients present
with local inflammation, i.e., intra-articular injection is used for the
treatment of arthritis, inhalation for asthma, and local application for
dermatitis. The anti-inflammatory activities of classical
glucocorticoids are useful for short-term use in most patients, but their
chronic and systemic use usually causes side effects, and results in
reducing sensitivity. The adverse effects of glucocorticoids are usually
associated with high dose and long duration usage.the treatment with
glucocorticoids for more than 3 months leads to a 7-fold increase in
hip fractures and a 17-fold increase 1in vertebral fractures.
Glucocorticoids are the most common cause of secondary

osteoporosis, so-called glucocorticoid-induced osteoporosis[35].
1.1.1 Structure and Function of Glucocorticoids

Although glucocorticoids have different names, they have similar
biological effects. The commonly used glucocorticoids are
prednisone, prednisolone, triamcinolone, methylprednisolone,
dexamethasone, and others. They are modified in the chemical
structures of the cortisone (hydrocortisone) backbone in order to
enhance their anti-inflammatory effects. The chemical modifications
include introduction of 6a-fluoro substitution, and reducing the
binding to the mineralocorticoid receptor by insertion of a C=C

double bond at Cl1, C2, or replacing a lipophilic substituent such as
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2la-esters attached to the D-ring for increasing binding to

glucocorticoid receptors figure.1-1[6].

Hydrocortisone Cortisone Prednisone . Prednisolone

Figure 1-1. The chemical structure of common glucocorticoids|[6].
1.1.1.1 Metabolic Functions

Glucocorticoids  acts on  glucose  metabolism to  cause
hyperglycemia. This effect is not only involved in maintaining normal
glucose homeostasis but at times of stress, glucose happens to be the
only substrate that provides energy to the critical organs of the body
such as the brain and skeletal muscles during times of stress such as
an illness or exercise. Hyperglycemia is caused by increasing the
synthesis of enzymes involved in glycogenolysis and

gluconeogenesis[7].

Glucocorticoids upregulates or activates or induces enzymes
involved in gluconeogenesis and glycogenolysis. It antagonizes the
actions of insulin and decreases the cellular uptake of glucose to
increase the availability of glucose for the brain, red blood cells, and
skeletal muscles. GCs increases gluconeogenesis by inducing the gene
expression of the Phosphoenolpyruvate carboxykinase (PEPCK)
enzyme. This step occurs in the cytosol; fructose-1,6-bisphosphate

converts to fructose-6-phosphate. By antagonizing the actions of
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insulin, it decreases (a) glycogen synthesis and (b) glucose uptake by

glut four transporters[8].

Glucocorticoids(GCs), to further increase the gluconeogenetic
substrates, establish a catabolic state in muscles, inducing peripheral
muscle breakdown and mobilizing amino acids towards the liver to be
used in gluconeogenesis (formation of glucose from amino acids).
Furthermore, glucocorticoids activate hormone-sensitive lipase (HSL)
in the adipose tissue resulting in increased availability of free fatty
acids for beta-oxidation. These metabolic actions of glucocorticoids
explain many of the effects of exogenous glucocorticoid medication.
Glucocorticoids result in decreased muscle mass; skin gets thinner,
fragile, and easy to bruise. Glucocorticoids also result in
hyperglycemia and lipodystrophy (redistribution of fat in the back of
the neck- buffalo hump, face -moon face- and decrease of adipose
tissue in extremities). The mechanism of this fat redistribution is

unknown figure.1-2 [9].

Hyperglycemia 0

A\ i " (

t Abdominal fat

Am;noL acids 1 Gluconeogenesis 4 Glucose uptake 1 Insulinemia t Lipolysis in
(peripheral) + Glucagon ;
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ve f— Conversion of pyruvic acid to acetyl-coA T — B cell hyperplasia Adiponectin
L taboli Glucose-6-phosphatase activity d oid E’ Glucagon secretion TNF-a
) Fructose-1,6-bisphosphatase activity ANCIORKERON
Phosphoenolpyruvate carboxykinase activity
Muscle
CORTICOSTEROIDS
weakness
§ ’ | Osteoblast recruitment | Calcium abserption Angiotensin Il .
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risk a . and ﬂJ 9
Bone fragility 1 Bone resorption " t Cardiovascular risk

Figure 1-2. The Metabolic Functions of glucocorticoids[10].
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1.1.1.2 Anti-inflammatory and Immune-Suppressive Function

Glucocorticoids result in a netincrease in the white blood
cell(WBC) count. The increased WBC count, is a combination of a
decrease in neutrophil migration in tissues, an inhibition of neutrophil
apoptosis, and promote WBC maturation in the bone marrow, and
release in circulation. With regards to eosinophils, glucocorticoids
induce apoptosis and sequestration of eosinophils in the periphery.
Inhibition of interleukin-2 (IL-2) signaling (inhibition of T cell
proliferation), the impaired release of cells from lymphoid tissues, T
lymphocyte apoptosis, inhibition of NF-kB (decrease in cytokine gene
expression) and degranulation inhibition of mast cells are effects of
glucocorticoids in lymphatic tissue. In the setting of increased
glucocorticoid levels in the blood, the macrophages of the
reticuloendothelial system fail to recognize and phagocytose antigens
(even opsonized antigens). A sequela of these effects is the regression
in size of lymphoid tissue (thymus, spleen and lymph nodes) figure.l-
3[11].

o3+ ¢ @D -
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Figure 1-3. Anti-inflammatory and Immune-suppressive Function of

glucocorticoids[12].
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1.1.1.3 Neurologic Effects

Several individuals who present with hypercortisolism (by
receiving exogenous doses of glucocorticoids or suffer from Cushing
syndrome) may  present with  depression. This  effect of
hypercortisolemia, a  possible result  of glucocorticoid-induced
neuronal excitation, may have a role in the pathogenesis of the major
depressive disorder. Affected hypercortisolemic patients present with
difficulty falling a sleep, a decrease in Rapid eye movement
(REM) sleep latency, and slow-wave sleep. Also, alterations
in electroencephalogram patterns are frequent in these
individuals.  Chronic exogenous glucocorticoid administration has
such detrimental effects. Extended glucocorticoid use can cause
complications such as cardiovascular disorders, infections, and

osteoporosis [13].
1.1.2 Long Term Effect of High Level of Glucocorticoids

The long-term use of glucocorticoids in patients with chronic
inflammatory diseases, such as rheumatoid arthritis, is associated with
severe long-term adverse effects, such as cardiovascular disorders,
infections, and osteoporosis. Glucocorticoids such as cortisone are
very effective in controlling inflammatory diseases. However, this
type of drug suppresses the adrenal glands, which impairs the body’s
ability to produce its own cortisone, according to the study. This can
cause fatigue, low blood pressure, and nausea, and can potentially be

life-threatening in some cases figure. 1-4[14].
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Depression

Cerebrovascular disease Anxiety
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Obesity
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Diabetes

Renal impairment
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Loss of muscle mass

Skin tears
VTE

Fluid retention

Figure 1-4. Long term effect of high level of Glucocorticoids [15].

1.1.3 The mechainism of Glucocorticoids on the Bone structure causing

Osteoporosis.

1.1.3.1 Direct Action of Glucocorticoid on Osteoblasts
Glucocorticoid-induced  osteoblast  dysfunction is the main
pathological mechanisms underlying the development of
Glucocorticoids Induced Osteoporosis . GCs 1mpair osteoblast
proliferation, increase apoptosis and alter autophagy through changing
RANKL/OPG and  Wnt/sclerostin  expression.  Their inhibitors,
microRNAs, IL-11, BMP/notch signalling, and effectors of apoptosis
also play a major role in the action of GCs on the osteoblasts. GCs
suppress the stimulates osteoblast differentiation and activity, partially
through the enhancement of the DKKI production in cultured human
osteoblasts . Using dexamethasone (DEX) as an example, at higher
concentrations, it inhibits osteoblast differentiation by decreasing
alkaline phosphatase (ALP) activity, RUNX2 and osteocalcin (OCN)
expressions, and increasing RANK expression. The actions of GCs on

bone are also determined by variations in the expression and
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sensitivity of the GC receptors, the export of steroids from the cell by

transmembrane transporters, and enzymatic metabolism of GCs to the

more or less active metabolites [16].

The compound 11B-hydroxysteroid dehydrogenases (11B-HSDs),
which control the interconversion between the active cortisol and
corticosterone and  their inactive  counterparts, cortisone and
dehydrocorticosterone, also contribute to the skeletal action of GC on
bone. All these events contribute to increased bone turnover, reduced
mineralization, and subsequently, bone loss. GCs are important in the
differentiation of osteoblasts, but their effects on osteoblast
proliferation are inconsistent. At lower doses (107'M DEX), GCs
promote uncommitted mesenchymal precursors cells to differentiate
into osteoblasts. However, at high doses (>10'M DEX), GCs inhibit
the proliferation of osteoblast-like cells in culture . GCs decrease bone
formation in most in vivo studies but stimulate it in in vitro studies.
These opposing effects could be due to low levels of GCs being
stimulatory at lower concentrations and inhibitory at higher
concentrations.Multipotent =~ mesenchymal  precursor  cells could
develop into osteoblasts, adipocytes or other cell lineages. GCs
facilitate the commitment of these precursors cells to differentiate into

certain cell types [17,18].

Glucocorticoids ~ stimulate  the expression of markers of
differentiation of both osteoblasts and adipocytes in in vitro studies. In
the human studies, GCs are associated with bone marrow adiposity

within the femoral neck [19].

Genetic deletion of 11B8-HSD1 and the lowering of GC levels
were reported to affect marrow adipose tissue but not bone formation.

GCs upregulate DKK1 expressed by the osteoblasts, which in turn
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suppress anabolic osteoblast behavior. GCs also stimulate osteoblast

apoptosis in vitro via the increased endoplasmic reticulum stress
through a synergistic pathway with TNFa. This triggers the rapid
activation of the kinases Pyk2 and JNK and increases reactive oxygen
species in primary cultures. The Bcl2 family such as Bim is the
proapoptotic factor, and its expression is regulated by GCs. GCs also
upregulate Bak expression and downregulate Bcl-xL  expression
(prosurvival). DEX can also induce Bcl2-mediated cell death via the
induction of p53. Insulin growth factors (IGFs), transforming growth
factors (TGFs), fibroblast growth factors (FGF), and platelet-derived
growth factors are also other signalling pathways also targeted by
GCs. GCs reduce the anabolic actions of TGFP and suppress the
expression of IGF-I and platelet-derived growth factors, which

possess anabolic mitogenic actions in osteoblasts figure.1-5[20].
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Figure 1-5. Osteoblasts and osteocytes as main targets of

glucocorticoid (GC) excess in the skeleton[21].

The suppression of IL-11 has been identified as an important
mediator of the adverse effects GCs on bone. Therapeutic GCs reduce
sex steroid levels which 1is likely to impact patients with serious
inflammatory illnesses greater due to the effects of inflammation on
the hypothalamic—pituitary—gonadal axis. This cascade will be
harmful to the bone . GC excess leads to central fat accumulation due
to its impacts on fat metabolism, which is associated with increased
insulin resistance. Obesity and diabetes both have complex impacts on

bone metabolism and fracture risk [22,23].

10
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1.1.3.2 Glucocorticoid and Oxidative Stress in Osteoblasts

Glucocorticoids can cause oxidative stress through the production
of reactive oxygen species (ROS), downregulation of cytoprotective
antioxidant proteins and antioxidant enzyme activities. High ROS
levels inhibit osteoblast differentiation and function, causing

osteoblast cell death and growth reduction [24].

DEX treatment induces oxidative damage by depleting total
antioxidant capacity while increasing ROS formation and lipid
peroxidation. It also causes a significant reduction in the RUNX2
mRNA  expression, which  underlies  high-dose = DEX-induced
osteotoxicity. DEX treatment also triggers a significant decline in the
mitochondrial membrane potential due to upregulated caspase
activity. Treatment with antioxidants can upregulate the expression
levels of these osteogenic markers and downregulate caspase
expression, thus decreasing the apoptotic effect of DEX. This
observation suggests the involvement of oxidative stress in DEX-
induced osteoporosis. The study found that DEX-treated MC3T3-El
pre-osteoblast cells express lower nuclear factor (erythroid-derived 2)-
like 2 (Nrf-2) and their target proteins with a decline in oxidative
stress markers. This negative 1impact could be reversed with
plumbagin, which 1is an antioxidant. Nrf-2 is a transcriptional
activator, which binds to antioxidant responsive element (ARE) and
enhances the expression of antioxidant enzymes. This endogenous
antioxidant defence is activated in a cellular oxidative stress event.
ROS also induces endoplasmic reticulum stress and autophagy-
mediated apoptosis. The study demonstrated that DEX induces
apoptosis, endoplasmic  reticulum stress, ROS formation and

autophagy in pre-osteoblasts [25].
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The studies demonstrated that high-dose DEX treatment reduced

bone generation and destroyed bone trabeculae, leading to
microarchitectural ~ degenerative  changes  mimicking  osteoporosis

[26,27].

Therefore, inhibiting the production of ROS may provide an
avenue of intervention against GC-induced apoptosis of MC3T3-El
cells. Most in the studies showed that GCs usually cause a decrease in
bone formation, but some in vitro studies showed largely stimulatory
effects of GCs actions. This observation may suggest that a low GC
level possesses stimulatory effects, while a high GC level possesses

inhibitory effects on bone [28].

Glucocorticoids exert anti-inflammatory effects on osteoblasts by
suppressing cytokines, such as IL-11, via the interaction of the
monomeric GR with AP-1 but not nuclear factor kappa B (NF-kB).
The inhibition of cytokines by GCs attenuates osteoblast
differentiation, which partly accounts for bone loss during GC therapy

[29].

1.1.3.3 Action of Glucocorticoid on Osteoclasts

Glucocorticoids create an  environment favouring  osteoclast
formation and bone resorption activities by increasing RANKL and
suppressing OPG secretion by osteoblasts [30]. This process may be
mediated by miR-17/20a in osteoblasts and miR-182 in osteoclasts.
GCs also affect osteoclast functions directly. GCs can induce
osteoclast-mediated bone resorption without affecting their apoptosis

rate, and this process requires the dimeric GC receptor[31].

Glucocorticoids can improve autophagy in osteoclasts and

promote their survival through the PI3K/Akt/mTOR signalling

12
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pathway. GCs can affect the geometry of osteoclast resorption

activities by forming more trench-like resorption pits, which directly
affect bone stiffness, with the lumbar as the most affected bone site

[32].

At a similar exposure level, GCs can induce mitochondria
dysfunction and oxidative stress in osteoblasts but not osteoclasts; this
may contribute to the imbalanced bone remodelling observed in GIO.
However, prolonged GC exposure may be destructive to osteoclasts
and their functions, hindering bone remodelling cycle and

predisposing users to osteoporosis [33].
1.2 Osteoporosis

Osteoporosis is defined as low bone mineral density caused by
altered bone microstructure, ultimately predisposing patients to low-
impact, fragility fractures. Osteoporotic fractures lead to a significant

decrease in quality of life, increasing morbidity, mortality. [34 ].

Over 50% of postmenopausal white women will have an
osteoporotsis-related fracture. Only 33% of senior women who have a
hip fracture will be able to return to independence. In white men, the
risk of an osteoporotic fracture is 20%, but the one-year mortality in
men who have a hip fracture is twice that of women. Black males and
females have less osteoporosis than their white counterparts, but those
diagnosed with osteoporosis have similar fracture risks figure.1-6

[35][36 1.
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NORMAL USTEUPUHUSIS

Figure 1-6. Difference between normal Bone Shape and

Osteoporosis[37].

1.2.1 Types of Osteoporosis
1.2.1.1 Primary Osteoporosis

This 1s the most common type of osteoporosis and occurs
more in women than men. Primary osteoporosis is usually caused by
age-related factors, and may be referred to as senile osteoporosis, or

when the cause is unknown, idiopathic osteoporosis[38].

Peak bone density (mass) is reached between the ages of 25 and
30 yrs, bone loss slowly begins to increase. With increased bone loss,
the rate of bone generation will also decrease. The chances of
developing osteoporosis depend on the density of one’s bones earlier
in life. Diet, health and physical exercise will also determine bone

density (to a degree) throughout life[39].

14
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Accelerated loss of bone density will usually begin after a

women’s monthly menstrual cycle comes to an end (i.e. during
menopause) which occurs when the production of oestrogen begins to
slow down (this is usually around the age of 45 to 55).In men, gradual
bone loss will normally begin between the ages of 45 and 50, this is
when testosterone production begins to slow.Osteoporosis usually

only impacts people when they are over the age of 60[40].
1.2.1.2 Secondary Osteoporosis

This type of osteoporosis has similar symptoms to those
commonly seen in primary osteoporosis, however, secondary
osteoporosis occurs as a result of certain medical conditions such as

leukaemia, hyperthyroidism or hyperparathyroidism[41].

This type of osteoporosis may also result from taking certain
medications that lead to the breakdown of bones, these include high-
dose inhaled or oral -corticosteroids that have been used. Other
medications include high doses of thyroid hormone replacements or
drugs known as aromatase inhibitors which are used in the treatment

of breast cancer.Secondary osteoporosis can affect any age[42].
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1.2.2 Drug-induced Osteoporosis

Drug-induced osteoporosis is the second most common cause
of secondary osteoporosis. Despite their well-known adverse events,
glucocorticoids are still  one of the cornerstone immune-
suppressive/modulator and anti-inflammatory therapies. Up to 40% of
patients on long-term glucocorticoid therapy suffer from fractures
during their lifetime. Areas with high trabecular bone, such as lumbar
spine and hip trochanter, are the classic sites for glucocorticoid-
induced fractures .The fracture risk with glucocorticoid therapy is
dose and time-dependent. The impact of glucocorticoids on bone has
been linked to their cumulative effect, which disturbs both bone
quantity and quality. Glucocorticoids can induce bone loss
irrespective of the route of administration. For instance, long-term
inhaled glucocorticoids were associated with a 10% loss of BMD

[43].

Even controlled-release and topical corticosteroid can negatively

impact bone health [44].

Glucocorticoids initially decrease bone formation and increase
RANKL/osteoprotegerin  ratio, inducing high bone resorption.The
mechanism of bone loss with long-term usage is more attributed to
suppressed bone formation rather than increased bone resorption. This
could be due to the downregulation of the Wnt (wingless-related
integration site) signaling pathway which impairs the osteoblast
activity. Additionally, glucocorticoids have an indirect impact on
bone through their effects on calcium homeostasis, parathyroid gland
activities, and vitamin D metabolism. Furthermore, glucocorticoids
lead to loss of muscle mass and strength which increases the risk of

falls and fractures. They can also induce hypogonadism which
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decreases the anti-resorptive effect of testosterone and/or estrogen

[45].

The use of a DXA scan and FRAX after 6 months of
glucocorticoid therapy is recommended for those with a history of
fragility fracture, patients of 40 years of age or older, and those with
major osteoporotic risk factors. For prevention of glucocorticoid-
induced osteoporosis, daily intake of 1000-1200 mg calcium and
600-800 units of vitamin D, along with lifestyle modification, are
highly recommended. For adults with high risk of fracture, treatment
with oral bisphosphonate is the preferred line of therapy. Teriparatide
is also effective in preventing and treating glucocorticoid-induced
bone loss. Antidepressants like selective serotonin reuptake inhibitors
and monoamine oxidase inhibitors can induce low bone density and

increase incidence of fracture figure. 1-7 [46,47].

Figure 1-7. DEXA Scanner[48].

It 1s not clear how these medications affect bone health, but it

may be attributed to diminished osteoblast proliferation through the
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serotonin receptors and transporters. Many studies showed significant

bone loss with long-term use of antiepileptic drugs [49].

Antidiabetic  medications can impact bone health either
positively or negatively. Peroxisome proliferator-activated receptor
gamma (PPARy) plays an important role in the regulation of bone
formation and energy metabolism, along with insulin sensitivity [49].
Its stimulation by thiazolidinediones induces bone resorption and
inhibits bone formation. Thiazolidinediones decreased the BMD and
increased the risk of osteoporosis when compared to other anti-

diabetic medications [50].

The effects of sodium-glucose cotransporter-2  (SGLT2)
inhibitors on bone metabolism and fracture risk are receiving more
attention because of their wide use. They may increase bone turnover,
disturb bone microarchitecture, and reduce BMD. In 2010, the FDA
released a warning against long-term use of proton pump inhibitors
(PPIs) as it may increase the incidence of osteoporosis and fracture

risk [S1][52].

The limited available evidence suggested that this might happen
through histamine over-secretion, and affecting mineral homeostasis.

There 1s inconsistent data regarding the impact of PPIs on BMD.
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Despite the negative effect of anticoagulants on bone
metabolism having been studied for a long time, such effect is still

debatable, and the underlying mechanisms are still poorly understood

[53].

Unfractionated heparin was associated with significant bone
loss compared to low molecular weight heparin[ 54,55 ,56]. Long-
term use of warfarin was associated with decreased BMD and TBS
[57]. In a recent study, this negative effect on bone was more
pronounced in warfarin but was also found in direct oral

anticoagulants [58].
1.3 Parathyroid Hormone

Parathyroid hormone(PTH) 1is a polypeptide that is synthesized
and cleaved into an active form within the parathyroid gland. The
initial  structure formed 1s a pre-pro-PTH, a 115 amino acid
polypeptide that is cleaved to form pro-PTH comprised of 90 amino
acids. It 1s then cleaved a second time, again at the amino-terminal
portion, to form active parathyroid hormone comprised of 84 amino
acids. This 1s the primary hormone that 1is stored, secreted, and
functions in the body. The process of synthesis, cleavage, and storage
is estimated to take less than an hour. Active PTH secretion can occur
as quickly as a few seconds when low serum calcium is detected. The
mechanism of secretion is via exocytosis, a process where the
hormone is released through a membrane vesicle carried to the cell
membrane, releasing the hormone after the vesicle fuses with the
outer membrane. The serum half-life of activated PTH 1s a few

minutes and is removed from the serum quickly by the kidney and

liver( figure.1-8 [59][60] ).
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Figure 1-8. Crystal Dimer Structure of PTH [61]

In the blood, the sensitive process of calcium and phosphate
homeostasis is maintained primarily by an appropriately functioning
parathyroid gland. The parathyroid gland is comprised of 4 small
glands located posteriorly to the thyroid in the middle aspect of the
anterior neck. The parathyroid gland secretes parathyroid hormone
(PTH), a polypeptide, in response to low calcium levels detected in
the blood. PTH facilitates the synthesis of active vitamin D and
calcitriol ~ (1,25-dihydroxycholecalciferol) in  the  kidneys. In
conjunction with calcitriol, PTH regulates calcium and phosphate.
PTH effects are present in the bones, kidneys, and small intestines. As
serum calcium levels drop, the secretion of PTH by the parathyroid
gland increases. Increased calcium levels in the serum serve as a
negative-feedback loop signaling the parathyroid glands to stop the
release of PTH. The mechanism of PTH in the body is intricate, and
the clinical ramifications of irregularities are significant. The

understanding of PTH 1is of paramount relevance and importance

figure.1-9[62][63][64][65].
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Figure 1-9. Sensitive process of calcium homeostasis by Parathyroid

hormone[66].
1.3.1 Effects of PTH in the Bones, Kidneys, and Small Intestines.

In the bones, PTH stimulates the release of calcium in an
indirect process through osteoclasts which ultimately leads to
resorption of the bones. However, before osteoclast activity, PTH
directly stimulates osteoblasts which increases their expression of
Receptor activator of nuclear factor kappa-B ligand (RANKL), a
receptor activator for nuclear factor kappa-B ligand, allowing for the
differentiation of osteoblasts into osteocytes. PTH also inhibits the
secretion of osteoprotegerin, allowing for preferential differentiation
into osteoclasts. Osteoprotegerin normally competitively binds with

RANKL diminishing the ability to form osteoclasts. Osteoclasts



Chapier oue Dutroduction and Literature Review

possess the ability to remodel the bones (resorption) by dissolution

and degradation of hydroxyapatite and other organic material,
releasing calcium into the blood. In the kidneys, parathyroid hormone
has 3 functions in increasing serum calcium levels. Most of the
physiologic calcium reabsorption in the nephron takes place in the
proximal convoluted tubule and additionally at the ascending loop of
Henle. Circulating parathyroid hormone targets the distal convoluted
tubule and collecting duct, directly increasing calcium reabsorption.
Parathyroid hormone decreases phosphate reabsorption at the
proximal convoluted tubule. Phosphate ions in the serum form salts
with calcium that are insoluble, resulting in decreased plasma
calcium. The reduction of phosphate ions, therefore, results in more

1onized calcium in the blood[67].

Starting at the kidneys, PTH stimulates the production of lalpha-
hydroxylase in the proximal convoluted tubule. This enzyme, lalpha-
hydroxylase, is required to catalyze the synthesis of active vitamin D -
1,25-dihydroxycholecalciferol from the Inactive form 25-
hydroxycholecalciferol. Active vitamin D plays a role in calcium
reabsorption in the distal convoluted tubule via calbindin-D, a
cytosolic vitamin D-dependent calcium-binding protein. In the small
intestine, vitamin D allows the absorption of calcium through an
active transcellular pathway and a passive paracellular pathway. The
transcellular pathway requires energy, while the paracellular pathway

allows for the passage of calcium through tight junctions[68].
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1.3.2 Pathophysiology

The two umbrella categorizations of parathyroid dysfunctions are
hyperparathyroidism and hypoparathyroidism. The inappropriately
high secretion of PTH is classified as hyperparathyroidism, while the
inappropriately  low  secretion of PTH is  designated as

hyperparathyroidism[69].
1.3.2.1 Hyperparathyroidism

Hyperparathyroidism is  further  characterized as  primary,
secondary, and tertiary dysfunction. Primary hyperparathyroidism
refers to an abnormality to the parathyroid gland itself, such as an
adenoma or hyperplasia causing the gland to oversecrete. This 1is
characterized by lab values that show elevated PTH levels,
hypercalcemia, and hypophosphatemia. Primary hyperparathyroidism
i1s customarily due to an adenoma, hyperplasia, or even more rare, a
carcinoma. Adenomas are very sporadic and can be surgically
resected. Hyperplasia can be found in cases of multiple endocrine
neoplasia (MEN) types I and Ila and in an autosomal dominant
condition called familial hypocalciuric hypercalcemia. In MEN type I,
patients are often characterized by having tumors in the pituitary

gland, parathyroid gland, and pancreas[70].

MEN type Ila is characterized by the presence of medullary
thyroid carcinoma, pheochromocytoma, and parathyroid hyperplasia.
In familial hypocalciuric hypercalcemia, there is a mutation of the
calcium-sensing receptor in the parathyroid gland and kidney,
resulting in a higher-than-normal setpoint. This causes a lack of
inhibition of PTH secretion until a higher level of serum calcium, thus

resulting in  increased bone  resorption and  hypercalcemia.
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Hypercalcemia is further exacerbated with increased renal absorption
of calcium, resulting in hypocalciuria. These conditions are rare and
are not always favored for surgical resection. Patients with
hyperparathyroidism will have correlated hypercalcemia which can
cause symptoms of excessive thirst and urination, constipation, bone
pain, fatigue, depression, and possibly kidney stones. This is
commonly memorized as 'stones, bones, groans, thrones, and

psychiatric overtone[71].

Secondary hyperparathyroidism refers to the compensatory
oversecretion of PTH in response to abnormally low calcium in the
blood due to other pathological processes such as renal failure,
gastrointestinal malabsorption, or simply a vitamin D deficiency. Lab
values differ according to the underlying pathology. In chronic renal
failure, there will be elevated PTH, but with decreased calcium and
elevated phosphate. In the setting of malabsorption and vitamin D
deficiency, there will be elevated PTH but decreased calcium and

phosphate[72].

Tertiary hyperparathyroidism 1s exceedingly rare but is seen in
the context of continuous PTH secretion even after a secondary
hyperparathyroidism precipitating condition is resolved. Lab values
will show moderately elevated PTH, normal or elevated calcium, and

decreased phosphate[73] [74] [75].
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1.3.3 Clinical Significance of PTH
1.3.3.1 Calcium's Role

Calcium is a divalent cation essential to heart, kidney, bone, and
nervous system functioning, making PTH's functioning crucial.
Calcium plays an integral part in cardiac contractions. The
contractility of the heart is predicated on the availability and role of
calcium inside myocardial cells. When there is an excess amount of
calcium within cardiac cells, contractility will increase, and similarly,
when there is a lesser concentration of calcium within the cardiac
cells, contraction will decrease. This can potentially lead to prolonged
QT intervals seen on ECG. Extreme hypercalcemia's effect on the
myocardium can be manifested in ECG changes, causing very short
QT intervals. This could potentially precipitate the onset of fatal
arrhythmias such as ventricular tachycardia or even ventricular
fibrillation if gone unattended. Abnormal oversecretion of PTH is also
the source of bone degradation, systemically releasing dangerous
amounts of calcium into the blood. This can facilitate the premature
transition into osteoporosis and increase the susceptibility to

fractures[76] [77] [78] [79].
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1.4. Calcium

Calcium is a metal element with the symbol Ca and atomic

number 20 [80] [81].

Calcium is an essential element that is required in large
quantities. The Ca®" ion acts as an electrolyte and is vital for the
health of the muscular, circulatory and digestive systems;
indispensable for building bones. It supports the synthesis and
function of blood cells. For example, it regulates muscle contraction,
nerve conduction, and blood clotting. As a result, calcium levels
inside and outside the cell are tightly regulated by the body. Calcium
can play this role because the Ca** ion forms stable coordination
complexes with many organic compounds, especially proteinsThey
also form compounds with a wide range of soluble substances,

enabling the formation of the Skeleton[82].

Calcium is a healthy bone mineral. About 99% of the calcium in
the body is stored in the bones and teeth. It is the metal that makes it
hard and strong. The remaining 1% is required for many activities that
help keep the body functioning normally. Bones are constantly being
remodeled every day, and calcium moves in and out. In children and
adolescents, the body builds new bone faster than it breaks down old
bone, so overall bone mass increases. This continues until about age
30, when new bone formation and old bone breakdown begin at about
the same rate. In older adults, especially postmenopausal women,
bone is broken down at a faster rate than it is being built. If calcium

intake is too low, it may contribute to osteoporosis [83].
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1.4.1 Biological and Pathological Role of Calcium

Calcium ions can be accumulated by proteins through the binding
of carboxyl groups to glutamic acid or aspartic acid residues; through
interaction with residues of phosphorylated serine, tyrosine or

threonine; or by chelating by carboxylic amino acid residus [84] [85].

As an example of the wide range of solubility of calcium
compounds, monocalcium phosphate is highly soluble in water, 85%
of extracellular calcium is dicalcium phosphate with a solubility of 2.0

mM in an organic matrix is tri-calcium phosphate at 100 uM. [86].

1.4.1.1 Hormonal regulation of Bone Formation and Serum level

of Ca

Parathyroid hormone and vitamin D promote bone formation by
allowing and promoting deposition of calcium ions, which allows for
rapid bone turnover without affecting bone mass or mineral
content. When plasma calcium levels fall, cell surface receptors are
activated and PTH secretion occurs. It then proceeds to stimulate the
entry of calcium into the plasma pool by taking it from the target
kidney, intestine, and bone cells, with the bone-forming action of
parathyroid hormone counteracted by calcitonin, whose secretion

increases with increasing plasma calcium level figure. 1-9[87].
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Hormonal control of calcium homeostasis
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Figure 1-10. Hormonal regulation of Calcium Serum levels [88].

Excess calcium intake may lead to hypercalcemia. However,
since the intestine absorbs calcium somewhat inefficiently, it is more
likely that the cause of elevated serum calcium is excessive secretion
of PTH or possibly due to excessive intake of vitamin D, both of
which facilitate calcium absorption. All of these conditions lead to the
deposition of excess calcium salts in the heart, blood vessels or
kidneys. Symptoms include loss of appetite, nausea, vomiting,
memory loss, confusion, muscle weakness, increased urination,

dehydration, and metabolic bone disease[89].

Chronic hypercalcemia usually leads to calcification of soft tissues
and its serious consequences: for example, calcification can cause a

loss of elasticity of the walls of blood vessels and disruption of the
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laminar blood flow;hence the rupture of plaques and thrombosis.
Conversely, an insufficient intake of calcium or vitamin D may lead
to hypocalcemia, which often also occurs due to insufficient secretion
of PTH or PTH receptors in cells. Symptoms include neuromuscular
excitability, which 1is likely to cause tetany and disruption of

conduction in cardiac tissue[90].

Since calcium is essential for bone growth, many bone diseases
can be traced back to organic matrix in the molecular structure or
organization of bone. Osteoporosis is a decrease in bone mineral
content per unit volume, and can be treated with calcium, vitamin D
and bisphosphonate supplementation.Inadequate amounts of calcium,
vitamin D or phosphate can lead to osteomalacia, which is called

osteomalacia[91].
1.5 Klotho

Klotho is an enzyme that in humans is encoded by the KL gene;
There are three klotho subfamilies: a-klotho, p-klotho, and -
klotho.The word "klotho" often means the a-klotho sub-family,
because a-klotho was discovered before other members of the sub-

family [92].

a-klotho is main type and highly expressed in the brain , liver.
Beta-klotho is predominantly expressed in the liver, skin. Klotho can
exist in a membrane-bound form or in a soluble and circulating

(hormonal) form. Proteases can convert the membrane bound shape to

the round shape ( figure. 1-10[93]) .
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p-Klotho

Figure 1-11. Crystal structure of klotho proteins. Panel-(A):
Crystal structure of KLA. Panel-(B): Crystal structure of KLB.
Both KLA and KLB's backbone is represented in grey, protein
binding domain (FGF23 for KLA and FGF19 for KLB) shown in
magenta, and receptor binding domain is represented in

yellow[94] [95].
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1.5.1 Klotho Functions

The a-klotho gene is located on chromosome 13, and is translated
into a single-passed integral membrane protein. The intracellular
portion of the a-klotho protein is short (11 amino acids), while the
extracellular portion is long (980 amino acids). The membrane

fraction is also relatively short (21 amino acids)[96].

The extracellular portion contains two repeating sequences,
termed KL1 (about 450 amino acids) and KL2 (about 430 amino
acids). In the kidney and choroid plexus of the brain, the membrane
protein can be hydrolyzed to produce 130 kDa, a soluble form of
alpha-klotho protein, which 1is released into the circulation and
cerebrospinal fluid, respectively. In humans, the secreted form of

klotho is more diffuse than the membrane form[97].

Klotho is a transmembrane protein that, in addition to other
effects, provides some control over an organism's sensitivity to insulin
and appears to be involved in aging. Its discovery was documented in
1997 by Makoto Kuro-o Et al[98].The name of the gene comes from
Klotho or Klotho, one of the Moirai, or Fates, in Greek mythology,
who spins the thread of human life. The klotho protein is a B-
glucuronidase capable of hydrolyzing steroid -glucuronides. Genetic
variants in KLOTHO have been associated with human aging, and
klotho protein has been shown to be a wandering factor that can be
detected in serum and decreases with age.The binding of endocrine
fibroblast growth factors (FGF's, i.e., FGF19 and FGF21) to fibroblast
growth factor receptors, is enhanced by their interactions as co-
receptors with [B-klotho. Loss of B-Klotho abolishes all effects of
FGF21[99].
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a-Klotho, which binds to the endocrine FGF FGF23 alters cellular

calcium homeostasis, by increasing the expression and activity of
TRPVS5 (decreasing phosphate reabsorption in the kidney) and
decreasing TRPC6 uptake (decreasing phosphate uptake from the
intestine). a-Klotho increases calcium reabsorption in the kidney by
stabilizing TPRVS5. About 95% to 98% of the Ca2+ that is filtered
from the blood by the kidneys is naturally reabsorbed by the renal
tubules, which is mediated by TRPV5figure. 1-11 [100].
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Figure 1-12 Main functions of the Klotho protein[101]..
1.5.2 Clinical Significance of the Klotho

a-klotho can suppress oxidative stress and inflammation, thereby
reducing endothelial dysfunction and atherosclerosis. Plasma alpha
klotho is increased by aerobic exercise, thus reducing endothelial
dysfunction.p-klotho activation of FGF21 has a protective effect on
cardiomyocytes. Obesity 1is characterized by resistance to FGF2I,

believed to result from inhibition of p-klotho by tumor necrosis
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factor-alpha (a cytokine), but there 1is evidence against this

mechanism.Klotho 1s essential for the maturation of oligodendrocytes,
the integrity of myelin, and can protect neurons from toxic effects

[102].

Decreased klotho expression is shown in pulmonary macrophages
of smokers. An abnormal form of autophagy associated with reduced
expression of klotto 1s associated with chronic disease. (Although
normal autophagy helps maintain muscle, excessive autophagy leads
to loss of muscle mass). It has been found that reduced klotho
expression may be due to DNA hypermethylation, which may be
caused by overexpression of DNMT3a. Klotho may be a reliable gene
for early detection of methylation changes in oral tissues, and could
be used as a target for therapeutic modification in oral cancer during

early stages [103].

Klotho-deficient is accelerated human aging and exhibit extensive
and accelerated atherosclerosis. In addition, they showed impaired
endothelium-dependent  vasodilation and  impaired angiogenesis,
suggesting that klotho protein may protect the cardiovascular system
through the production of endothelium-derived nitric oxide. Klotho

can play a protective role in Alzheimer's disease patients [104].

Decreased oa-klotho or FGF23 can lead to impaired excretion of
phosphate by the kidneys, resulting in hyperphosphatemia.The plasma
(soluble) form of a-klotho is readily measured and has been shown to
decrease after 40 years of age in humans. Lower plasma levels of a-
klotho in the elderly is associated with increased frailty and all-cause

mortality [105].
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It is proven that physical activity increases plasma alpha klotho. In

addition, variations in the klotho gene (SNP Rs9536314) are

associated with longer life and increased cognition in humans, but
only if gene expression 1is heterozygous, not homozygous. The
cognitive benefits of a-klotho are primarily seen late in life. The
presence of senescent cells reduces alpha klotho levels. Antigens
reduce the level of these cells, allowing alpha klotho levels to increase

[106].
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Aim of the Study

Aim of the Study

I-To investigate the level of Klotho, PTH and bone-markers in

patients with long-term use of glucocorticoid

2-To evaluate the correlation between serum level of Ca™ PTH

and Klotho in patients using glucocorticoid more than 3 months

3-Assessment of circulating klotho in study the effect of long term
use of glucocorticoid on bone and its mechanism of inducing

0Steoporosis .

4-Evaluation of the correlation between serum level of calcium,
PTH and klotho in study the effect of long term wuse of
glucocorticoid on bone and its mechanism of inducing

0steoporosis.
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2. Materials and Methods

2.1. Study Design

The study was designed as a case-control study.

2.2 Materials

2.2.1 Chemical and Kkits

The chemicals and kits in the present study were used as supplied

from purchases without additional purification. Kits and chemicals used

in the present study are shown in Table 2-1.

Table 2-1. The Chemicals and Kits

No. CHEMICALS COMPANY AND COUNTRY
1 PTH ELISA Kit CUSABIO.(USA)

2 Calcium Kit RANDOX (UK)

3 Klotho ELISA Kit CUSABIO. (USA)
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2.2.2 Instruments and Equipment

The instruments and equipment used in this study are listed in

Table 2-2.

Table 2-2. Instruments and Equipment's Used

No. | Instruments and Equipment Company and Country

1 | 0.1ml pipette tips China

2 | 1ml pipette tips China

3 | Centrifuge EBA 20 Hettich/Germany

4 | Deep Freezer Samsung/Korea

5 | Disposable cuvette China China

6 | Disposable syringe ( 5 ml) China

7 | EIIZA washer, reader and Biotek /USA
printer

8 | Eppindorf tube (0.5 ml) China

9 | Kan tube China

10 | Micropipettes Slamed / Germany
(5-50ul),(100-1000pl)

11 | Multichannel micropipette Slamed / Germany

12 | Refrigerator agur/Turkish

13 | Spectrophotometer Jenway/Italian

14 | Tank for multichannel China
micropipette

15 | Test tube with AFCO, Jordan
Separating gel

16 | Water Bath HH-2 Chain
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2.3. Subjects

2.3.1. The Place and Date of Study

This study was carried out in the department of Chemistry and
Biochemistry, college of medicine at university of Babylon. The samples
were collected from the registered attendances of the Rheumatology
Clinic/Murjan  Teaching Hospital, Al-Imam Al-Sadiq Hospital, and
Al-Hilla Teaching Hospital during the period from 1st of December 2022
until 1st of March 2023. The patients were diagnosed by specialist

physician.
2.3.2 Patients Group

The sample size of the patient group in the present study was
selected according to Daniel's sample size formula equation[107]. Consist

of 50 patients (19 male and 31female).
2.3.3 The Diagnosis of Patients Group

In this study, the diagnosis of the effect of long term use of
glucocorticoid on bone and its mechanism of inducing osteoporosis
patients was confirmed by a detailed questionnaire was filled out, that
contains (age, sex, weight, height, long term use of glucocorticoid for
more than 3 months and with osteoporosis ( by diagnosis DXA

examination of -2.5 degree ) ).
2.3.4. Control Group

A sample of control group of 50 look healthy individuals (19 men
and  3l1females) was collected . whom matched with patients in terms of
sex and age. They were obtained from health volunteer without any

history of osteoporosis.
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2.3.5 . Inclusion Criteria

Persons were proven with long term use of glucocorticoid for more
than 3 months and with osteoporosis ( by diagnosis DXA examination of
-2.5 degree ) and sample taken within the age from (20 — 50) years mean
age (39.31 £ 2.07) were in the current study as a patient group, in
addition to apparently healthy individuals as control group within the age

from (21-51) years mean age (39.37 = 1.81).

Studied groups
Total (100) individuals

Control group Patients groups
Total (50) individuals Total (50) Osteoporosis
Males (19)and female 31 patients

W

Serum Measured for

Figure 2-1. Studied groups

2.3.6. Exclusion Criteria

The persons have inherited metabolic abnormality, pregnant, and

breastfeeding women.
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2.3.7. Ethical Issues

Ethical issues depends on the following:

1-Approval by a scientific committee in the College of medicine
(University of Babylon, Iraq) and the Biochemistry Department in the

same college.

2-The aims and procedure of this study were clarified to all participant in

the present study to gain their verbal acceptance.

3- Ethical and scientific committee in hospital.

2.4. Methods

2.4.1. Collection of Blood Sample

A blood sample was collected from the vein of each participant
using a needle puncture approximately (5ml) was placed in disposable
tubes containing separating gel. The blood sample in the gel tube was
kept at room temperature for five minutes to coagulate. And later it
centrifuged for (10 minutes) at Xg subsequently, then pipetting the
transparent serum into three clear dry Eppendorf tubes and stored at
(-20°C) until used for the several examinations. The serum was thawed at
(20-25°C) temperature for 1 hours then submitted to the centrifuge for 5

minute at Xg .
2.4.2. Body Mass Index (BMI)

Body mass index was measured in all individuals based on a
weight-to square height ratio derived by achieving a mathematical
equation that divided the weight in kilograms by the square height in

meters , and the results were considered as follows:
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1-Underweight < (18.5).

2-Normal weight (18.5 - 24.9).

3. Overweight (25-29.9).

4. Obese > (30).

BMI ( Kg/m® ) = weight ( Kg) / height (m?) [108]

2.5. Human Parathyroid Hormone PTH ELISA Kit
2.5.1 Measurement Human Parathyroid Hormone PTH ELISA Kit
2.5.2 Principle

The quantitative sandwich enzyme immunoassay method is used in
this assay. A microplate has been pre-coated with a PTH specific
antibody. Pipette standards and samples into the wells, and any PTH
present is bound by the immobilized antibody. After eliminating any
unattached compounds, a biotin-conjugated antibody specific for PTH is
applied to the wells. After washing, avidin conjugated Horseradish
Peroxidase (HRP) is applied to the wells. A substrate solution is added to
the wells after a wash to remove any unbound avidin-enzyme reagent,
and color develops in proportion to the quantity of PTH bound in the
initial step. The color development is terminated, and the color intensity
1s measured.

Detection range 62.5 pg/ml-4000 pg/ml.
Sensitivity: less than 15.6 pg/ml.

Specificity : No significant cross-reactivity or interference between
human PTH and analogues was observed.

2.5.3. Material

2.5.3.1 Reagents Quantity

Assay plate 1(96 coated Microwells)

Standard (Freeze dried) 2vial

Biotin antibody (100 x concentrate) 1vial x 120 ul
HRP avidin (100 x concentrate) 1vial x 120 pl
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Biotin antibody Diluent 1vial x 15 ml
HRP avidin Diluent 1vial x 15 ml

Sample Diluent 1vial x 50 ml

Wash Buffer (25 x concentrate) 1vial x 20 ml
TMB Substrate 1vial x 10 ml

Stop Solution 1vial x 10 ml

Adhesive Strip (For 96 wells) 4

2.5.3.2 Reagent Preparation

All of the reagents have been used. Before usage, allow 30 minutes
at room temperature (18-25°C).

1. Biotin-antibody had been centrifuged before the vial is opened. Then a
100x. dilution was prepared. As the following: 990 ul of Biotin-antibody
Diluent. +10 pl of Biotin-antibody.

2. HRP-avidin before the vial was opened. It had been centrifuged then a
100-fold dilution was prepared. As the following: 990 pul of HRP-avidin
Diluent+10 pl of HRP-avidin.

3. Wash Buffer: To avoid crystals forming in the concentrate, it is
warmed to room temperature and mixed gently until the crystals have
completely dissolved 20 ml of Wash Buffer Concentrate (25 x) was
diluted into deionized or distilled water to prepare 500 ml of Wash Buffer

(1 x).
2.5.3.3 Standard

Standard vial centrifuged for 30 seconds at Xg . solution of 4000
pg/ml was prepared by reconstituting the standard with 1.0 ml of sample
diluent.

A volume of 250 ul of sample diluent was pipetted into each tube
(S0-S6).

The stock solution is used to produce a 2-fold dilution series
(below) by Mix each tube thoroughly before the next transfer.

The undiluted Standard serves as the high standard (4000 pg/ml).
Sample Diluent serves as the zero standard (0) pg/ml.
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250ul 250pl 250pl 250l 250pl 250ul
7 0
\ i/
Tube 57 S6 S5 54 53 52 S1 S0
pg/mi 4000 2000 1000 500 250 125 62.5 0

Figure 2-2. Serial dilution of standard solution of PTH

2.5.4. Steps of PTH measurement

@ Prepare reagents, samples and standards as instructed.

$

@) Add 100p standard or sample to each well. Incubate 2 hours at 37°C.

@

{9 Remove the liquid of each well, don't wash.

@

@ Add 100 Biotin-antibody(1x) to each well. Incubate 1 hour at 37°C.

a

.9 Aspirate and wash 3 times.

a

f@ Add 100pl HRP-avidin (1x) to each well. Incubate 1 hour at 37°C.

@

fo Aspirate and wash 5 times. )

R\ )

[6 Add 90pl TMB Substrate to each well. Incubate 15-30 minutes at 37°C.

Protect from light.

$

'@ Add 50p! Stop Solution to each well. Read at 450nm within 5 minutes.
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2.5.5. Calculation of results

Results were calculated by Using the professional soft "Curve
Expert" to make a standard curve.

Standard curve
HumaReader HS

[O)] PTH

2323

__,-//
1161 —
=
///
0.000
0.000 1000.000 B ] 2000.000

Figure 2-3. Standard curve PTH test

2.6. Calcium
2.6.1 Determination of Serum Calcium
2.6.2 Principle

Calcium ions form a violet complex with O-Cresolphthalein
complexone in analkaline medium, that absorbs at 570nm

Calcium + O-Cresolphthalein Complexone  Alkaline _ Calcium-

»

Medium

Cresolphthalein Complexone

Complex (purple color).
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2.6.3 Assay procedure

Blank Standard Sample
Standard 20ml
Sample 20ml
Working Reagent Iml Iml Iml
(R1+R2)

Equal volumes of color and buffer reagent was combined, mixed and
stand for twenty minutes at room temperature then used and incubated for
Iminute at room temperature. The absorbance (A) of standard and sample
was read against the blank at 570 nm.

2.6.4 Calculations

Calcium (mg/ dl)= A Sample x Standard conc (10)
A Standard
*According to this procedure, the reference values for serum calcium

concentration were 8.5-10.5mg/dl.

2.7 Human Klotho ELISA Kit
2.7.1Measurment Human Klotho ELISA Kit
2.7.2 Principle

The quantitative sandwich enzyme immunoassay method is used in
this assay. A microplate has been pre-coated with a Klotho specific
antibody. Pipette standards and samples into the wells, and any Klotho
present is bound by the immobilized antibody. After eliminating any
unattached compounds, a biotin-conjugated antibody specific for Klotho
is applied to the wells. After washing, avidin conjugated Horseradish
Peroxidase (HRP) is applied to the wells. A substrate solution is added to
the wells after a wash to remove any unbound avidin-enzyme reagent,
and color develops in proportion to the quantity of Klotho bound in the
initial step. The color development is terminated, and the color intensity
1s measured.
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Detection range: 0.156 ng/ml-10 ng/ml.

Sensitivity: less than 0.039 ng/ml.

Specificity : No significant cross-reactivity or interference between
human Klotho

and analogues was observed.

2.7.3 Material

2.7.3.1Reagents Quantity

Assay plate 1(96 coated Microwells)

Standard (Freeze dried) 2vial

Biotin antibody (100 x concentrate) 1vial x 120 pl
HRP avidin (100 x concentrate) 1vial x 120 pl
Biotin antibody Diluent 1vial x 15 ml

HRP avidin Diluent 1vial x 15 ml

Sample Diluent 1vial x 50 ml

Wash Buffer (25 x concentrate) 1vial x 20 ml
TMB Substrate 1vial x 10 ml

Stop Solution 1vial x 10 ml

Adhesive Strip (For 96 wells) 4

2.7.3.2 Reagent prepration

All of the reagents have been used. Before usage, allow 30 minutes at
room temperature (18-25°C)

1- Biotin-antibody had been centrifuged before the vial is opened. Then
a 100x dilution was prepared. As the following: 990 ul of Biotin-antibody
Diluent. +10 pl of Biotin-antibody.

2- HRP-avidin before the vial was opened it had been centrifuged then A
100-fold dilution was prepared. As the following: 990 pl of HRP-avidin
Diluent+10 pl of HRP-avidin.
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3- Wash Buffer: To avoid crystals forming in the concentrate, it is
warmed toroom temperature and mixed gently until the crystals have
completely dissolved 20ml of Wash Buffer Concentrate (25 x) was
diluted into deionized or distilledwater to prepare 500 ml of Wash Buffer

(1x)
2.7.3.3 Standard

Standard vial centrifuged for 30 seconds at Xg solution of 10 ng/ml
was prepared by reconstituting the standard with 1.0 ml of sample
diluent.

A volume of 250ul of sample diluent was pipetted into each tube (S0-S6).

The stock solution is used to produce a 2-fold dilution series
(below) by Mix each tube thoroughly before the next transfer.

The wundiluted Standard serves as the high standard (10 ng/ml).
Sample Diluent serves as the zero standard (0 ng/ml .

s Vi Vi o Vg s B

'ﬁ I B8 [ g A 3 . 2
- | 2R AR B AR |

k
T 0

Tube S7 S6 S5 S4 S3 S2 S1 SO

ng/ml 10 5 2.5 1.25 | 0.625 | 0.312 | 0.156 0

Figure 2-4. Serial dilution of standard solution of Klotho
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2.7.4 Steps of Klotho measurement

o Prepare reagents, samples and standards as instructed.
°

9 Add 100pl standard or sample to each well. Incubate 2 hours at 37°C.
T

9 Remove the liquid of each well, don't wash.
o

o Add 100pul Biotin-antibody(1x) to each well, Incubate 1 hour at 37°C.
°

e Aspirate and wash 3 times.
9

@ Add 100pl HRP-avidin (1x) to each well. Incubate 1 hour at 37°C.
¥

6 Aspirate and wash 5 times.

- . 2

Add S0pl TMB Substrate to each well. Incubate 15-30 minutes at 37°C.
Protect from light.

$

9 Add 50p! Stop Solution to each well. Read at 450nm within 5 minutes.

2.7.5 Calculation of results

Results were calculated by Using the professional soft "Curve
Expert" to make a standard curve.

A Kl standard curve HumaReader HS
23

1.161 —

Optical density /
/

/

om/

0 5 10
Concentration (ng/ml)

Figure 2-5. Standard curve Klotho
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2.8 Statistical Analysis

Statistical analyses were performed using SPSS statistical package
for Social Sciences (version 26.0 for Windows, SPSS, Chicago, IL,
USA). Data normality distribution was examined using the Shapiro-Wilk
test. Calcium, Klotho, and PTH distribution were considered normal.
Student’s t test and ANOVA tests were used to test differences in studied
parameters within different groups. Quantitative data are represented as
mean, standard deviation. Qualitative data are represented as count and
percentage.  Scatterplots was used for visual demonstrating of
relationships  between  independent  variables.  Pearson  correlation
conducted for measurement of correlation coefficients and their
significance. ROC survival test was used for evaluating the ability of
study markers to discriminate disease from nondisease subjects. A p-
value of <0.05 was considered statistically significant[ 109].
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3. Results and Discussion

3.1 Demographic and Clinical Characteristics of the Study Group

3.1.1 Distribution of Study Groups According to Sex

The sex distribution of the studied groups was 50 patients with long term
use of glucocorticoid suffer from osteoporosis, 19 (38%) male and 31(62%)

female, matching with controls and the results represented in figure. 3-1.

H male
m famale

Figure 3-1. Sex distribution of patients and controls
3.1.2 Age

In this study, 100 participants were divided into 50 patients and other
healthy people, and their ages ranged between 20 and 50 years. A comparison
between study groups regarding age was performed using a t-test there was not
statistically significant difference P 0.980. The dispersion of age the rate malady
1s appeared in Table 3-1 and figure 3-2, the mean age of patients of (39.31 £2.07)
years compared with healthy control (39.37 = 1.81) years P 0.980.
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H <30
H 30-40
m 41-50

Figure 3-2. Age distribution of patients

According to the results of this study which found more cases of long term
use of glucocorticoid patients in (41-50 years)age that agree with previous study
of Ranasinghe, Kumara efal. The most susceptible age group was between the

ages of 40 and 50 [110 ].
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3.1.3 Comparison Body Mass Index (BMI) between Patients and Healthy

Groups

Results of present study showed that the BMI was significantly higher in
patients ( p < 0.05) when the compared to control. as illustrated in Table. 3-2.

The use of glucocorticoids drugs cause increase in weight and this agree with
the Patients use glucocorticoids drugs current study and different from the

patients don’t use glucocorticoids drugs current study.

Table 3-1 . Comparison between patients and control in BMI

Variable Patients, Mean = SD | Control ,Mean £ SD | P-value
BMI (kg/m2) 28.99 +0.58 26.96 £0.8 0.0494*
* (P<0.05)

3.2 Examination the Effect of Biochemical Parameters in the Study Groups
3.2.1 Study The Effect of Parathyroid Hormone PTH

Estimation of PTH in patients and control groups were representing in
figure. 3-3 (They show that the mean and SD for long term use of glucocorticoid
patients and control were (858.03 + 42.62 pg/ml),( 613.84 + 23.12 ng/ml)
respectively so that PTH was significantly (P<0.01) higher in long term use of
glucocorticoid on bone and its mechanism of inducing osteoporosis patients

compared with control.
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Table 3-2. Comparison between Patients and Control in PTH Level

858.03 +42.62 613.84 £23.12 0.0001%**

/ 858.03 P—-value(0.0001) [
900

800

700

600

PTH pg/ial
400

300

200

100

patients control

Figure 3-3. Comparison between patient and control in PTH

Long term use of glucocorticoids causes hypocalcemia and osteoporosis by
impairing vitamin D activation, leading in a compensatory increase in parathyroid
gland cellularity and parathyroid hormone synthesis and secondary
hyperparathyroidism (SHP) [111]. Mnazzal and Abdullah indicate that PTH
levels were significantly higher in the patient group (858.03 + 42.62) pg/ml
compared with healthy control group (613.84 + 23.12) pg/mL[112]. Isakova, Cai
etal. alshow that the long term use of glucocorticoid patients, PTH level is
elevated somewhat, but calcium levels decreased slightly[113], that agrees with

the current study results.
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3.2.2 Study the Effect of Calcium on The Study Groups

The current study shows highly significant decrease in calcium levels

between patients and healthy control (P<0.01), as shown in Table. 3-3.

Table 3-3. Comparison between Patients and Control in Calcium Level

Variable Patients, Mean + SD Control ,Mean + SD P-value
Ca(mg/dl) |7.34+0.16 8.98 +0.08 0.0001**
** (P<0.01)

This study shows that the mean and SD of the calcium level for patients
was (7.34 £0.16) and for healthy control was (8.98 & 0.08), respectively. Calcium
was significant lower in long term use of glucocorticoid control. The most
common complication occurring in chronic use of glucocorticoids is
osteoporosis. Ca homeostasis is hormonally controlled by a four-tissue axis
comprising the gut, bone, kidney, and parathyroid gland, that closely regulate
serum Ca levels within a restricted range. The primary two hormones involved in
calcium balance are parathyroid hormone (PTH) and klotho [114]. Hypocalcemia
stimulates PTH secretion and hypercalcemia suppresses it. Calcium-sensing
receptors (CaSR) on the parathyroid gland detect low levels of calcium in the
blood, which stimulates PTH synthesis and secretion. Hypocalcemia, secondary
hyperparathyroidism (SHPT) occur [115]. The biochemical changes of long term
use of glucocorticoid on bone and its mechanism of inducing osteoporosis
include raised parathyroid hormone (PTH) and decreased serum calcium[116].
The results of the current study are agreed Keung and Perwad [117], DiMeglio
and Imel [118], Barreto efal. [119], that found significantly lowe plasma Ca
levels and in patients with long term use of glucocorticoid compared with healthy

controls.
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3.2.3 Study the Effect of Klotho

The klotho estimation in patients and control groups were representing in
figure3-4. They show that the mean and SD levels for patients and control were
(607.03 +£31.62 , 333.84 + 16.11) ,(respectively so that klotho was
significantly(P<0.01) higher in long term use of glucocorticoid patients
compared to control.

Table 3-4. Comparison between Patients and Control in klotho Level

607.03 £31.62 333.84 +16.11 0.0001**

700

600

500

400
Klotho
300

200

100

patient control

Figure 3-4. Klotho levels in the samples of patient and controls
Klotho and parathyroid hormone are hormones that regulate renal calcium
reabsorption and vitamin D metabolism As renal function diminishes in long-
term use of glucocorticoid, circulating klotho and PTH concentrations rise
Secondary hyperparathyroidism is a component of long-term use of

glucocorticoid inducing osteoporosis [120].
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3.3 Study the Correlation between the Biomarkers

3.3.1 Study the Correlation between PTH and other Parameter

The result of the current study showed significant correlation between PTH
with Ca (p<0.01) for diagnosis long term use of glucocorticoid on bone and its
mechanism of inducing osteoporosis and PTH with new biomarker Klotho

(p<0.01) showed in a table. 3-4 and figure. 3-5.

Table 3-5 Correlation between PTH and other parameter

Parameter Person P-value

correlation (r)

PTH Ca 0.32 0.0017
Klotho 0.38 0.0002
R Liner=0.165 | ReLiner=0.150
200000 1
i
150000
L]
i T L L] . []
o .
L] 1 Ewuun = . . /-///.
* " :':: ¥=5.43E2+ 0.51°X
o0 L) e -
o , .1:/0'"!...-“-0. 5
—— 20 1 e, .
. Y25, A, . . o .
2 o faetmy .
L P R .:'l '
e o
| n 0000 00.00 60000 B00.00 100000 120000

Figure 3-5. The correlation between PTH and other parameters (Ca, klotho )
among long term use of glucocorticoid on bone and its mechanism of

inducing osteoporosis patients.
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3.3.2 Study the Correlation Between Klotho and other parameter

The result of the current study showed significant correlation between
Klotho with ca (p<0.01) for diagnosis long term use of glucocorticoid on bone
and its mechanism of inducing osteoporosis and Klotho with biomarker

PTH(p<0.01) showed in a table. 3-5 and figure. 3-6.

Table 3-6 Correlation between Klotho and other parameter

| ‘ # Liner— 0,097 mm! . R Limers 0007
oy ) ‘ - .
: =
i : ::..l [] y Hsr:zrtu.'u—;:’—" ¥
ol o .,".'l ' .
Ca . ' / - | | ,,i;v:.'l":‘:,, .
=1 ' N, i ' :
LN |
m | |
g = B 0m 150 201
Klotho Klotho

Figure 3-6. The correlation between Klotho and other parameters (Ca, PTH)
among long term use of glucocorticoid on bone and its mechanism of

inducing osteoporosis patients.
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3.3.3 Study the Correlation Between Calcium and other parameter

The result of the current study showed significant correlation between Ca

with PTH (p<0.01) for diagnosis long term use of glucocorticoid on bone and its

mechanism of inducing osteoporosis and calcium with new biomarker klotho

(p<0.01). showed in a Table. 3-6

Table 3-7 Correlation between Ca and other parameters

Parameter Person correlation (1) P-value
PTH 0.49 0.0001
Ca Klotho 0.38 0.0002
B Liner— 0,007
H* Liner=0.165 '
L] LI L
W
b o
1)
my =
il ]
. L]
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Figure 3-7. The correlation between Calcium and other parameters (PTH,

klotho) among long term use of glucocorticoid on bone and its mechanism of

inducing osteoporosis patients.
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3.4 ROC Curve of Biochemical Parameters

The receiver operating characteristic curve ( ROC curve) was used to
evaluate the diagnostic values of biomarkers in discrimination between long

term use of glucocorticoid patients and controls, as shown in table 3-7

Table 3-8 ROC analysis of PTH and Klotho markers as bone turnover
marker of long term use of glucocorticoid on bone and its mechanism of

inducing osteoporosis from Control.

marker SE Cut-off SN% SP% AUC p-value

PTH 0.03 > 198.1 77.8% 84.4% 0.82 0.0001

Klotho 0.18 >26.9 75.7% 88.0% 0.962 0.003

SN: sensitivity, SP: specificity, AUC: area under curve, P-val.: p value

3.4.1 ROC Analysis of Klotho

ROC curve for the sensitivity and specificity of Klotho (ng\ml) for
diagnosis of long term use of glucocorticoid on bone and its mechanism of
inducing osteoporosis compare with control , (Cut-off point was >26.9 ng/ml),
AUC=0.962 , P= 0.003, the sensitivity and the specificity were 75.7 %, 88.0 %

respectively, indicating a fair discriminative value, as shown in figure 3-6.
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ROC Curve
10 ]
. Sensitivity: 75.7
Specificity: 88.0
Criterion: >26.9
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1 - Specificity
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Figure 3-8. ROC Curve For Klotho

3.4.2 ROC Analysis of PTH

Figure 3-9. shows the ROC curve between long term use of glucocorticoid
patients and controls. The test revealed that the area under the curve (AUC) was
0.82, p=0.001. The sensitivity and specificity of the test at the cut-off value of >
198.1 pg/ml were 77.8% and 84.4% ,respectively.
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ROC Curve
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Figure 3-9. ROC Curve For PTH
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Conclusions:
This study concludes that :

1- The current study revealed, there is low Ca™* level and high level of PTH
and Klotho in patients on long term use of glucocorticoid

2- Ca'? PTH and Klotho can help in detection of Osteoporosis in patients with
long-term usage of glucocorticoid and can be useful in follow up of this

conditiong osteoporosis.
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Recommendations :

1-
2-

3-

Future studies performed with a larger size of sample .

The follow-up study on the same patients yields a more accurate picture of
the variability in the levels of PTH, Ca, and Klotho.

Estimate Klotho, PTH, and Ca as bone turnover parameter in long term use
of glucocorticoid on bone and its mechanism of inducing osteoporosis
patients before and after treatment for bone minral disease.

Uses Klotho, PTH, and Ca with other biomarkers related to bone trunover

CTX, and osteocalcin in futuer studies to be more knowledgeable about
bone mineral status and to have a better understanding of the
pathophisylogy of long term use of glucocorticoid on bone and its
mechanism of inducing osteoporosis

Assess bone turnover biomarkers in correlation with long term use of
glucocorticoid on bone and its mechanism of inducing osteoporosis

stagings.
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APPENDIX
Questionnaire
Case No. Date :
Hospital name :

Patient name-:

Age-:

Sex-:
Weight: - Kg
BMI-:
Height: - cm

Telephone number -:
Profession-:

Residence-:

Duration of disease-:

Final diagnosis of the disease-:

Other disease
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