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Chaprer (1 )

Bone Structure and Bone Remodeling

The bone is a special form of connective tissue (C.T.), made up of
bone cells and a mineralized collagenous matrix."> The four principal
differentiated cell types found in bone are osteoblasts, osteocytes,

osteoclasts and lining cells.!"

The osteoblasts are bone forming mononuclear cells derived from
marrow  stromal fibroblastic system. They are characterized by their
location and morphology, the presence of a specific skeletal isoform of
alkaline phosphatase enzyme (ALP) and receptors for parathyroid hormone
(PTH) and vitamin D; (1,25 (OH),D;). They are responsible for secretion
of the organic bone matrix, or osteoid which is subsequently mineralized.
When an osteoblast becomes embedded in the matrix and stops secreting
protein, it is then termed an osteocyte. The osteocyte is thought to be

concerned with preservation of bone matrix and mineral content.("-¢

Osteoclasts are the multinucleated bone resorbing cells of apparently
mononuclear phagocytic origin. They are involved in the transport of
lysosomal enzymes (e.g. tartarate resistant acid phosphatase (TRAP),
arylsulphatase, B-glycerophosphatase, B-glucuronidase, cathepsins B&C
and other cysteine proteases). They are also involved in the transport of
hydrogen ions which promote solubilization of the mineral phase of bone
resulting in calcium release toward the interface of the cells with the

mineral bone."”>7% A high concentration of carbonic anhydrase enzyme 11
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(CAE-II) helps in acidification of the extracellular pocket between

osteoclast’s ruffled border and skeletal resorption surfaces.®

The lining cells line the majority of trabecular bone surfaces and may

play a role in separating the bone from the marrow space.®'?

The extracellular matrix is formed of organic (35%) and inorganic
(65%) parts."">'"" The organic part is composed mainly of type I collagen
(90%). The remainder includes many non-collagenous products of
osteoblasts such as osteocalcin (bone Gla protein = BGP), osteonectin (matrix
Gla protein = MGP), bone morphogenitic proteins (BMPs), proteoglycans,
phosphoproteins (osteopontin), sialoproteins, thrombospondins and bone
derived cytokines and growth factors."""""'¥ Some of these proteins may
function in initiating mineralization and in binding of the mineral phase to

the organic matrix.

The inorganic (mineral) part which makes up approximately 2/3 of
the weight of mature bone exists as a complex mixture of calcium and
phosphate in the form of hydroxyapatite crystals, in addition to small
amounts of non-phosphate compounds such as sodium, magnesium,

. - 1-13
potassium and calcium carbonates.!" )

The bone is synthesized by secretion of bone collagen (type I) in a
highly organized manner, resulting in the formation of layers of bone
matrix called lamellae. The organic part in the newly deposited
unmineralized state is termed osteoid. Mineralization of the osteoid begins

with deposition of amorphous calcium and phosphate at the interface
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between osteoid and mineralized matrix, that subsequently mature into

hydroxyapatite crystals; the mineral phase characteristic of adult bone (%

Although the mechanism of bone formation is the same in all bones,
it may occur within a cartilage (endochondral), within an organic matrix
membrane (intramembranous) or by deposition of new bone on pre-existing

one (appositional).""*’

The skeleton is a metabolically active organ that undergoes modeling
and continuous remodeling throughout life. Bone modeling refers to
alterations in the bone shape, whereas remodeling refers to bone turnover
that does not alter the shape, however the two processes often occur

: 15,16
simultaneously.">'?

Modeling and remodeling do not result simply from the activity of a
single cell type (osteoblast or osteoclast) or a single cell function
(formation or resorption). Instead they may result from co-ordinated
resorption and formation of bone over extensive regions of bone and for

prolonged periods."”)

Bone is initially formed by modeling, that is the deposition of
mineralized tissue at developmentally determined sites, generally preceded
by a cartilage analog.'” Much of the turnover of bone during growth

‘ ' . s
results from bone modeling but at least some remodeling also occurs.

Remodeling of bone begins early in foetal life, and once the skeleton
is fully formed in young adults, almost all the metabolic activity 1s in this

form. The bone remodeling cycle depends on interaction of two cell
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| lineages, the mesenchymal osteoblastic lineage and the haematopoietic
osteoclastic lineage. The cells involved in a particular remodeling event are

termed basic multicellular unit or bone metabolic unit (BMU),>'2!1519)

Bone remodeling involves three phases or stages.*'**'¥) The initial
activation phase includes activation of osteoclasts at mineralized bone
surface with subsequent bone resorption. It takes about 7-10 days. This is
followed by reversal phase where the mononuclear cells prepare the
resorption lacunae for subsequent formation. Finally, the formation phase,
which requires 2-3 months, is characterized by layering of osteoblasts into

the resorbed lacunae with deposition of mineralized matrix.”"*'" (Figure 1)

The rate of skeletal turnover approaches 100% per year in the first
year of life. The rate then declines to about 10% per year in late childhood
and continues at this rate or a little bit slower throughout life.*%¢18) This
process 1s integral in mineral homeostasis, particularly calcium, and allows

continuous renewal and strengthening of old bone.”’

The control of bone cell composition and bone cell function is a
complex phenomenon, that involves both systemic and local levels of

regulation, and is monitored by biochemical markers.®?"

The bicohemcial markers of bone formation (osteoblastic activity) include
osteocalcin, bone 1soenzyme of alkaline phosphatase and type I procollagen
propeptide, while the markers of bone resorption include tartarate resistant acid
phosphatase, collagen cross links (pyridinoline and deoxypyridinoline),

urinary hydroxy proline and galactosyl hydroxylysine.!'**'2%
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Figure (1): Process of bone remodeling. Endocrine signal to resting osteoblasts
generate local paracrine signals to nearby osteoclasts and osteoclast
precursors. The osteoclasts resorb an area of mineralized bone, and local
macrophages complete the clean-up of dissolved elements. The process
then reverse to formation as osteoblast precursors are recruited to the site
and differentiate into active osteoblasts. These lay down new organic
matrix and mineralize it. Thus, new bone replaces the previously resorbed
mature bone.*”
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Systemic and Local Bone Regulation

The major regulators of bone growth and remodeling include

systemic and local bone regulators.

A- Systemic bone regulators

Parathyroid hormone (parathormone = PTH)
It is an 84 amino acids (a.a.) peptide, secreted by chief cells of parathyroid

glands in response to a fall in plasma ionized calcium leve] (17:%428)

The effects of parathormone on bone are complex and biphasic. With
high PTH concentration, there is an acute inhibition of collagen synthesis
and osteoblast maturation. However, prolonged intermittent secretion of
PTH results in increased bone formation via a direct action on

2 -
osteoblasts.**#*%730

Parathormone is also a potent stimulator of bone resorption through
increasing osteoclast activity and maturation. The action of PTH on
osteoblasts mediates the subsequent activation of osteoclasts. Osteoblasts
appear to be the primary target for action of PTH.®*?" Protein kinase-C
(PKC) has been shown to be activated by PTH in osteoblasts, suggesting
that this activation is a component of the signaling pathway that mediates

PTH-stimulated bone resorption.®?

The plasma PTH level tends to increase with age, resulting in

X 17,24
increased bone turnover and loss of bone mass.!' ¥



Introduction 7.
1,25 dihydroxycholecalciferol: (1,25 (OH)z Ds)

The chief effects of vitamin D are directed towards intestinal calcium
and phosphate absorption. The active form of vitamin D5 (1,25 (OH), D3)
affects the bone by increasing the number and activity of osteoclasts with
subsequent bone resorption. It also stimulates osteoblasts to synthesize

osteocalcin and bone alkaline phosphatase.(>+!72433-38)

In addition, there are other hormones and vitamins that play a role in

regulating skeletal growth and remodeling which include:

Calcitonin (Thyrocalcitonin)
Calcitonin 1s a potent inhibitor of osteoclastic bone resorption, that

appears to play a minor role in calcium regulation in adult human bone """

Growth hormone (GH)
Growth hormone acts through both systemic and local production of

IGF-1 to stimulate bone formation and resorption.-161739-4D

Thyroid hormone
Tritodothyronine, in particular, can stimulate the coupled processes
of bone formation and resorption, therefore it is important in skeletal

C(1-3,16,174243
maturation.!' ' )

Adrenal glucocorticoids
Glucocorticoids 1nhibit matrix synthesis and osteoblastic activity.
They also increase osteoclastic activity resulting in a net effect of bone

. 1-3,16,17.44,45)
resorption.! '
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Sex steroids (Androgens and estrogen)
Sex hormones are important in maintaining normal bone turnover.
Androgens accelerate growth and somatic development including skeletal

maturation.!”

Estrogen has been shown to prevent parathyroid hormone mediated
bone resorption and to stimulate renal 1-a hydroxylase activity. Estrogen
deficiency leads to an increase in bone turnover in which resorption

outstrips formation, with a resultant decrease in bone mass.!!72746:47)

Insulin
Insulin is necessary for normal skeletal growth and bone

composition. Diabetes mellitus is associated with osteoporosis.”

Vitamin C (Ascorbic acid)

Ascorbic acid is essential for the maintenance of the integrity of all
connective tissues (CT) including bone, being an essential co-factor in the
hydroxylation of proline and lysine in collagen synthesis. It is also

important in the synthesis of matrix glycosaminoglycans.“)

Vitamin A (Retinol)
Retinol stimulates osteoclastic bone resorption. In vivo hypervitaminosis
A is associated with hypercalcemia, excessive bone resorption and

periosteal calcification.”

Most of the systemic regulators exert their effect on bone through

alteration in either production or activity of local growth factors or

cytokines that regulate osteoblast and osteoclast precursors.(48'49)
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B- Local Bone Reéulators

Bone is a storehouse for local growth regulatory factors known as
cytokines,!!=17:4%50) They are termed bone remodeling units as they control
bone formation and resorption through their effects on osteoblasts and

osteoclasts respective]y,“‘ﬂ)

Cytokines are a diverse group of intracellular signaling proteins,
produced and secreted by many and perhaps all cell types in response to

appropriate  stimuli,***%

Over  hundred, structurally dissimilar and
genetically unrelated cytokines have been identified and are responsible for
regulation of many physiological processes in our body including bone

growth and remodeling. 57

Among the various types of cytokines, four main categories are
mainly involved with bone modeling and remodeling, namely interleukins,
tumour necrosis factor family, colony stimulating factors and growth
factors. The cytokines that are involved in bone resorption include
interleukin-1 (IL-1), interleukin-6 (IL-6), interleukin-11 (IL-11), colony
stimulating ~ factors  (CSFs) and tumour necrosis factor (TNF)

o (13.4,5,16,50,52,58
family. )

On the other hand, insulin like growth factor (IGF) system,
transforming growth factor (TGF) family, fibroblast growth factor (FGF)
and platelet derived growth factor (PDGF) stimulate mainly osteoblastic

. e - (1,34,5,16,17,50,52,58,59
activity, resulting in enhanced bone formation. )
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In general, most of the hormones and cytokines that inhibit
osteoclastic activity act directly on osteoclasts. In contrast, most of the
hormones and cytokines that stimulate osteoclastic activity act indirectly

through osteoblasts and stromal cells ®*%

Local bone regulatory cytokines, in general, are low molecular
weight (6-60 KDa) hormone like polypeptides and glycoproteins
synthesized as premature inactive precursors. Structurally, they are divided
into those with P-sheet structure and those with a-helical structure.®>*”
Most of them consist of a single polypeptide chain , with the exception of
TGF-f5 that consists of two chains.®> Most of them contain an additional
amino acid terminal sequence (signal peptide) to assist in transmembrane
transport, except basic-FGF (b-FGF) and IL-1P that lack the signal
peptides. This suggested that basic-FGF and IL-1p secretion may be
mediated via specific proteases. The active mature polypeptide results from

cleavage of the signal peptide from the precursor. (53.61.62)

The production of such cytokines by most cells is temporary. Their
transient nature (half life from less than 30 minutes up to 2 hours) has been
shown to correlate with the presence of an adenine-uracil (AU)-rich

sequence in the 3" untranslated region of their m RNA 64>V

Like peptide hormones and other cytokines, the local bone regulatory
cytokines and growth factors exert their effects by binding to cell surface
receptors, which then transduce intracellular signals. This results in
modification of the target cell ultimately by changes in the pattern of gene

transcription. The intracellular secondary messenger system used varies
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depending on the particular cytokine and its receptor (s). Dimerization of

receptors upon binding of the cytokine may be an important step in signal

transduction. >

Except for few cytokines that act in an endocrine manner (on distant
target cells) such as TGF-B3, monocyte/macrophage- CSF (M-CSF) and
stem cell factor, most of these bone regulatory cytokines act locally in

either a paracrine (on adjacent cell) or autocrine (on the cell producing it)

. (535
fashion.©®*

The complex and integrated relationships between the different
cytokines are mediated through cellular events. Interactions may occur
through a cascade in which one cytokine induces the production of another,
through transmodulation of the receptor for another cytokine, through
synergism or antagonism of two or more cytokines acting on the same cell,
and/or through their interaction with systemic bone regtllators.(53’63) Some
cytokines have different effects on different target cells (pleiotropic).
Conversely, the same effect may be mediated by more than one cytokine

(redundancy).®%”

The process of osteoclastogenesis has been recently studied in details
by some workers. The development of osteoclasts in vitro requires close
interaction between osteoclast precursors and osteoblastic stromal cells.
This interaction involves not only cytokines and growth factors but also

some proteins that are TNF related, the so called RANK/ RANKL/ OPG

16,64-74
system. (1047
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This system consists of the Receptor Activator of Nuclear factor
Kappa-B (RANK), its Ligand (RANKL) and its competitor

). The RANKL, also known as osteoclast

Osteoprotegerin (OPG
differentiating factor (ODF), tumour necrosis factor-related activation-
induced cytokine (TRANCE), and Osteoprotegerin Ligand (OPGL), is a
membrane protein expressed on the osteoblastic stromal cells and belongs
to TNF family."*®7 It can activate cells of osteoclastic lineage by
interacting with RANK expressed on the surface of osteoclast
progenitors.'*®7 This takes place in the presence of M-CSF resulting in
osteoclast maturation. "% The four independent signals proposed to

enhance RANKL expression, are vitamin D receptor, cAMP, glycoprotein

130 and low calcium environment ©>3*%)

Osteoprotegerin  (OPG), also known as osteoclastogenesis inhibitory
factor (OCIF) or tumuor necrosis factor receptor like molecule-1 (TR-1), is
a TNF related protein produced by osteoblastic stromal cells. It binds to
RANK, thus preventing RANKL interaction with RANK, resulting in

inhibition of osteoclast development and maturation. > #*7% (Figure 2)

The actions of many cytokines and hormones on the balance
between activators and suppressors of osteoclast number and activity might be
mediated through this system.”*** It was reported that down-regulation of
OPG expression and upregulation of RANKL expression may be one of the
mechanisms for the stimulatory effects of glucocorticoids, PTH, 1,25(OH),D;

prostaglandins and interleukin-1 on osteoclastogenesis. ®7*1%) (Figure 3).
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Figure (2): Diagrammatic representation of the role RANK/RANKL/OPG system in
interaction between the osteoblastic stromal cell and osteoclast progenitor.®
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Figure (3): Diagrammatic representation of the influence of RANKL and OPG on osteoclast
number and activity. RANKL will tip the balance towards increased osteoclast
number and activity whereas increase in OPG will oppose this effect. The
hormones and cytokines scattered around the ends of the balance beam will tip
the balance in the direction indicated by the arrows,
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Although the role of RANK/RANKL/OPG system in disorders of
human bone remodeling is under study, the disturbances of this system may
impact on renal bone disease.*” In fact, preliminary studies reported high
levels of circulating OPG in uremia,” and could be of use in diagnosis of
low turnover bone disease, at least in association with PTH levels < 300

pg/ml. %

Interleukin-1 beta (IL-1B)

It 1s also known as osteoclast activating factor (OAF). It is one of
three members of interleukin-1 family, that include also interleukin-1o
(IL-To) and interleukin- 1 receptor antagonist protein (IL-1Ra or

[RAP) (63109

Members of the IL-1 family are produced mainly by T-lymphocytes
and cells of mononuclear phagocyte system (macrophages), fibroblasts and

53.55.62-64. 104,105
osteoclasts. e )

IL-1B and IL-la are synthesized as 31-33 KDa precursors that have
a three dimensional, open barrel B-pleated sheet structure and lack a signal

peptide (Figure 4).'" Cleavage of IL-1p by specific proteases (IL-1B

A : 3 105,107
converting enzyme) results in the mature form (15-17 KDa),(**>6264104105.107

The mature IL-1B 1s composed of 12 B-strands held together by

hydrogen bonds, with a tertiary structure resembling a tetrahedron, the

: ' SRR : S . (53,55,62-64,104
interior of which is filled with hydrophobic side chains.”*~> )
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Figure (4): Human IL-la backbone structure. Resolution 2.3 angstroms (106)
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Despite minimal (22-26%) amino acids sequence homology, both

IL-1PB and IL-1c share similar biologic activities (26164199

The cellular effects of IL-1p are initiated by its binding to two
specific high affinity cellular receptors located at the cell membrane. Their
extracellular domains are members of the immunoglobulin (Ig)
superfamily. Each comprises three IgG like domains, and share a

significant(28%) homology to each others (Z6+10419) (Eigyre 5)

Type 1 receptor (IL-IRI) (80KDa) is found in almost all cells. It is
composed of an extracellular portion, of 319a.a., a single hydrophobic
transmembrane segment of 21 a.a. and a signal transducing cytosolic

domain of 217 a.a. It has a higher affinity for IL-1o than IL-1B.©>'*

Type 1l receptor (IL-1RII) (67 KDa) has a much smaller intracellular
chain, and on cell activation, becomes shed from the cell to existasa
soluble receptor. It has a higher affinity for IL-1B. The tight binding of IL-

IRII to IL-1p makes it a functionally negative “decoy” receptor, as it
prevents binding of [L-1p to the signal transducing type I receptor ()

IL-1p exerts its bone resorptive effects by stimulating the release of

soluble factors (CSF, IL-6 and IL-11) that increase proliferation of

(52

osteoclast precursors and activation of mature osteoclasts. ) The release of

soluble factors, particularly IL-6, has been attributed to protein kinase-C
(PKC) beta, which is a component of the signaling pathway that mediates

IL-1p stimulated 1L-6 expressi011,(32)
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Tsat JA et al (2000) reported that actions of IL-13 on bone may be
mediated by involving both local increase of parathyroid hormone related
peptide (PTHrP) via upregulating its mRNA expression, together with a

decrease in transforming growth factor p (TGF-B) synthesis. !*®

[L-1B is a potent stimulator of inducible nitric oxide synthase (iNOS)
expression in bone cells. Nitric oxide has been suggested to be involved in
regulation of bone turnover particularly in conditions characterized by
release of bone resorbing cytokines. The effects of nitric oxide may be
mediated by modulating IL-1 induced nuclear activation of nuclear factor

Kappa B (NF-kB) in osteoclast precursors."' ")

The bone resorbing effects of 1L-1p are 13 folds more potent than
[L-lac and 1000 folds more potent than tumour necrosis factor-o

(TNF-o).!'! ') The bone resorptive effects are associated with increased
prostaglandins (PGs) synthesis, particularly the E series (PGEZ).“’S’lé’SS"Ol’I14'
") The prostaglandins may have an initial inhibitory effect on osteoclasts,
but their predominant long term effect is to stimulate bone resorption via a
cAMP-dependent protein kinase-A mediated mechanism and RANKL
induction, resulting in osteoclast maturation.”>'"*'"® Furthermore, the
effects of other agents on bone may be mediated through their effects on

synthesis of prostaglandins (2*129

As regards its effect on human osteoblasts, IL-1 inhibits

phosphorylation of specific proteins induced by growth factors such as
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platelet derived growth factor (PDGF) and insulin like growth factor-1
(IGF-1), via a mechanism independent of protein kinase A and C or PGs

synthesis.“m

Tumour necrosis factor-alpha (TNF-a)
Tumour necrosis factor-a 1s also called cachectin (being responsible
for cashexia due to malignant tumours). It is a powerful stimulator of

. . . . 4
osteoclastic bone resorption in vivo, (104113128129

TNF-a 1s one of ten members of the TNF family. The TNF family
consists of two secretable isoforms, o (referred to as just TNF or cachectin)
and B (known as lymphotoxin-a). The other eight members are

transtnembrane proteins that act chiefly through cell to cell contact, ¢*104128:130)

TNF-a is a 157a.a homotrimer that consists of 3 identical
polypeptide chains, having a B-jelly rolls conformation (Figure 6)."°" Both
TNF-¢ and TNF-B share about 30% amino acid homology, and may bind

to the same receptor and mediate some shared biological effects,*>6H1%

TNF-a is produced by many cell types including cells of the mononuclear

phagocyte system (activated monocytes and macrophages).**” TNF-a
exists in 2 forms, a membrane bound 26KDa precursor that has an
extracellular carboxyl terminus and an intracytoplasmic amino terminus,
and a 17 KDa mature (secretable) biologically active form that results from

proteolytic cleavage of the pre:cursor.(()3 )
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Figure (6): Molecular model of tumour necrosis factor-o (cachectin) (human
recombinant form). Resolution 2.6 angstroms."*"”
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TNF-a exerts its biological actions by binding to two transmembrane
glycoprotein receptors, characterized by cysteine rich amino acid moﬁf in
their extracellular domains (Figure 7).1%13D Tpe two receptor types are
the 55KDa TNF-receptor [ (also known as CD 120 a or p55) and the 75
KDa TNF-receptor 1l (also known as CD 120b or p75), which are
expressed on nearly all nucleated cells and are shed from the cell surface to

32 The TNF receptor I has been thought to be

exist as soluble receptors.
the major biologically active form, yet recent evidence indicates that TNF

. , "
receptor I is also functional (1139

TNF-oo induces bone resorption through a primary effect on
osteoblasts and an indirect effect on osteoclasts. Suppression of osteoblast
differentiation is likely to be an important mechanism of decreased bone
formation in many circumstances, where excess TNF-q, is produced in the
bone microenvironment. TNF-o inhibits osteoblast differentiation from
precursor  cells  through inhibiting IGF-I expression. Furthermore,
expression of, or response to osteogenic transcription factors induced by
bone morphogenetic proteins 2,4 and 6 is inhibited by TNF-g. %' TNF-¢

- : o 138-140
was reported to induce osteoblast resistance to vitamin D.(38149

TNF-a has been suggested to regulate apoptosis of osteoblasts, a

mechanism that could accelerate the exit of osteoblasts or their precursors

S 138,141-144
from the functional pool."*® )
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Considering the effect of TNF-a on osteoclast differentiation and

activation, it has been demonstrated that TNF-o, indirectly stimuiates
proliferation of osteoclast haematopoietic precursors (mediated by type II
receptor) and activation of mature osteoclasts (mediated by type I receptor),
through involvement of protein kinase (C) beta-1 and the release of soluble
factors (IL-6 and M-CSF) from nearby osteoclasts. 22112143190 The
synergistic effect of IL-1f in stimulating the bone resorptive activity of
TNF-a has been reported, and has been suggested that TNF-a mediates its

bone resorbing effects through PGE,. (122,144,147,148)

Considering the overlapping in their signaling pathways, it was
suggested that TNF-a and RANKL might synergistically orchestrate
enhanced osteoclastogenesis via co-operative mechanisms. In fact it has
been reported that TNF-R1 is required for both basal RANK expression and
signaling and for basal osteoclast formation by RANKL. Both are reduced
in the absence of TNF-RL(M** Conversely, RANKL increases TNF-a
MRNA level and induces TNF-o release from osteoclast progenitors, thus

TNF-«. mediates, at least in part, RANKL’s induction of osteoclastogenesis,.(15 2

As regards effects of TNF-a on bone matrix, TNF-o has been reported
to inhibit osteocalcin and type 1 collagen synthesis by osteoblasts and
stimulates osteoblastic synthesis of proteolytic enzymes such as plasminogen
activators and matrix metalloproteinases, which are responsible for
degradation of the bone matrix %) Moreover, matrix attachment of osteoclast
precursors and mature osteoclasts are governed by distinct o, integrins which
are differentially regulated by specific cytokines including TNF-a, whose

effect on the Ps integrin is mediated through the type I receptor.(lsl)
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Interfeukin-6 (IL-6)

Interleukin-6 1s a 26KDa cytokine, secreted by many cells including
mononuclear phagocyte system (MPS) cells, endothelial cells and activated
T-helper cells (Figure 8)."*® The major stimuli for its secretion are IL-1 &

TNF-a. The half life of IL-6 is 1 hour.**

IL-6 exerts its biological activity via interaction with a cell surface
receptor, that consists of 2 glycoproteins : a ligand binding 82KDa
glycoprotein and a signal transducing 130KDa glycoprotein (gp 130).%°*
1%%) (Figure 9)

IL-6 regulates pleiotropic functions of cells and tissues. In bone, the
IL-6 produced by osteoblastic and osteoclastic cell lineages stimulates
osteoclastic recruitment and differentiation."””* Its signaling is mediated

by a soluble form of receptor (sIL-6R), detected in urine and sera of

(161-163)

healthy subjects, and depends on signal transducing IL-6R expressed

on bone marrow stromal cells (BMSCs) and osteoblasts but not osteoclast
progenitors.'*

IL-6 together with its soluble receptor play an important role in

extracellular matrix degradation through enhancing collagenases and

. . . .y . 165
gelatinases expression via a transcriptional mechanism.¢ )

High IL-6 and sIL-6R levels were reported in haemodialysis (HD)

patients together with enhanced IL-6R mRNA expression in osteoclasts

that parallels their bone resorbing activity, %17
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IL-6 affects mature osteoclastic function through its interaction with
extracellular calcium sensing. A high calcium enhances IL-6 secretion. The
released IL-6 attenuates calcium denoting a sustained osteoclastic activity

in the face of an inhibitory calcium level locally generated by resorption.'”"

[L-6 appears to mediate the effect of selected hormones on bone such
as growth hormone that increases IL-6 mRNA and protein levels in
osteoblasts.!’® Parathormone also shares a common signal transduction
pathway with IL-6 mediated by adenyl cyclase,"™ and glucocorticoids

induce osteoclastic IL-6R expression.!'**""

Monocyte/macrophage-colony stimulating factor

Colony stimulating factors (CSFs) have been so named because of
their capacity to stimulate haematopoietic stem cell or osteoprogenitor cells
to form colonies in vitro. Some of them have retained their “colony
stimulating”  names, and include  granulocyte-CSF  (G-CSF),
granulocyte/macrophage-CSF (GM-CSF) and monocyte/macrophage-CSF
(M-CSF) (63,64,104,155,174)

Monocyte/macrophage-CSF is  found in 2 disulphide bonded
homodimeric forms (i.e. peptides of 70-90 and 40-50 KDa respectively). It
is also known as CSFE-1. It is produced by many cell types which include

BM%CS (63,104)

In addition to its role in stimulating the proliferation, differentiation and

activation of the monocyte/macrophage lineage of haematopoietic cells, M-



Introduction 27.

CSF is essential for osteoclast formation from its progenitor cells.®*$2!417>

'82) paradoxically, this cytokine inhibits the activity of mature osteoclasts."”®

The mechanism by which M-CSF exerts its action in this aspect
might be directly on osteoclast precursors or indirectly on accessory cells

influencing osteoclast generation such as BMSCs of osteoblastic lineage

and is mediated by the so-called RANK/RANKL/OPG system.***>!7182

Transforming growth factor-beta (TGF-B)
Transforming growth factor-beta is thought to play an important role
in human bone remodeling, being a central component in the coupling of

{ i : 16,49,58,183-
bone formation to resorption, 64418159

Transforming growth factor-beta (TGF-f) is a member of a family of
dimeric polypeptides that include inhibin, activin, bone morphogenetic proteins
(BMPs), Vg-I protein (oncogene product), Miillerian inhibitory substance and

gene product of Dorsophilia. TGF- is not related to TGF-o."*"*”

Transforming growth factor-beta (TGF-B) is virtually produced by all
body cells, but the richest sources are activated macrophages and

platelets.“m"gx)

The 25KDa polypeptide TGF-B is a disulphide linked homodimer
formed of two identical polypeptide chains (12.5KDa each) of 112 amino
acids. In humans, three TGF-B isoforms are recognized (TGF(1,2 and 3),
which are structurally similar in their C-terminal region and have the same

functions in respect to their regulation of cellular growth and
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proliferation.(190"91) They differ in their binding capacities for TGF-B

92
receptors.(l )

TGF-B is synthesized as biologically inactive high molecular weight
pre-pro-form of 390-412 amino acids. The cleavage of the 29 amino acids
signal peptide and N-glycosylation yield a pro-TGF-p monomer. The
cleavage of pro-TGF-p is mediated by endopeptidase to yield the 12.5 KDa
monomer."*? The cleaved fragment dimerizes to form a 75KDa latency
binding peptide (TGF-BP) which assists in folding of the 25KDa dimer and
remains associated to form the latent complex (Figure 10).('94) A 135KDa
latency associated peptide (LAP) bearing mannose rich carbohydrate may
attach to the complexed latency peptide dimer. The latent complex may be
stored in platelets (in o granules) or secreted. Secretion 1s enhanced by the
carbohydrate moiety """ Most of the secreted TGF-P exists in the extra
cellular matrix as latent complex (TGF-B and TGF-p latent binding protein
held together by disulphide bonds) that prevents TGF-B binding to its
receptor. Release of TGF-P peptide from the complex is either mediated by
the multifunctional matrix glycoprotein thrombospondin-1 or plasmin,

resulting in the mature TGF- isoform ('*%7

TGF-B has 3 major biological effects: growth inhibition, stimulation

. : : : . (188,194,197,198
of extracellular matrix formation and 1mmunosuppressmn.( : )

TGF-f, exerts its biological actions by binding to three high affinity cell
surface receptors (transmembrane serine / threonine kinases) known as type

I, 1T and I11. The type III receptor is the most abundant type.“m’lgg’l94’1%’]98)
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A general mechanism for TGF-P signaling starts when TGF-B binds
to the non signal transducing type III receptor that presents TGF-P to type
Il receptor or directly to type II receptor on cell membrane!**'*? Once
activated, type II receptor recruits, binds and phosphorylates type I
receptor, stimulating its protein kinase activity. The activated type I
receptor phosphorylates some transcription factors known as SMADs
(derived from SMA genes present in C. Elegans and MAD genes =
Mothers Against Dorsophila decapentaplegic gene product), particularly
SMAD 2 or SMAD 3, that bind to SMAD 4. The resulting SMAD complex
moves towards the nucleus, interacts in a cell specific manner with various
transcription factors to regulate the transcription of many genes.

(194,196,198,200206)
igure 11)

The bioactive TGF-B may bind to o, macroglobulins forming a
complex that is taken up via hepatic mannose-6-phosphate/insulin like
growth factor II receptors and possibly catabolized. Bioactive TGF-3 may
also be degraded by proteases and elastases released at sites of

~ - - . (194
inflammation or may be excreted in urine.*

TGF-B; is the major isoform produced in human bone cells. The
constitutive secretion of TGF-B by bone cells does not vary with age,
although it was reported that aging may be associated with a declining

capacity of TGF-P to enlarge the pool of bone cells,****”

Both osteoblasts and osteoclasts synthesize and respond to TGF-f3

yet the exact nature of the response appears to depend on the physiological

" 208213
conditions present.( )
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TGF-B is present abundantly in the extracellular bone matrix. There
are several lines of evidence that suggest that osteoclastic resorption of
bone releases the stored TGF-p from the latent complex in the bone matrix.
This release is activated by the acidic microenvironment created by the
vacuolar type proton pump of osteoclasts.!'®'8186213218) o o tivated
factor may inhibit the formation of more osteoclasts and promotes both
osteoblastic proliferation and differentiation, together with cartilage

formation,(16183-186.213,216-218)

Besides the role of TGF- in stimulating synthesis and secretion of
matrix proteins mainly osteonectin and pro alpha I collagen, it also acts,
synergistically with 1,25 (OH),Ds, in stimulating recruitment of bone
marrow stromal cells (BMSCs) to the osteoblast lineage, that play a major

(16,185,186-216-219

role in bone formation., ) Furthermore, the chemotactic activity

of TGF-P for osteoblast like cells may be important for their recruitment at

: L (220,221
sites of bone remodeling.’ )

The role of TGF-B in bone resorption is variable and complex,
depending on the differentiating stage of the cells. TGF-B inhibits early
osteoclastic  differentiation from bone marrow monocytes. However, it
stimulates bone resorption by differentiated mature osteoclasts.('2*'84213:222:224)
This may be through upregulating IL-6 mRNA expression resulting in
increased IL-6 level and consequent bone resorption.”” Its bone resorptive
effects may be mediated also through its effects on local prostaglandins

(124,226
synthesis.'**%%"
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Moreover, TGF-B stimulation of osteoblasts may lead to a secondary
signal, which induces osteoclast differentiation and/or activity similar to the
indirect mechanism of action of parathyroid hormone on bone

(227-229)

resorption. In fact, TGF-B induces osteoblastic secretion of

macrophage/monocyte-colony stimulating factor, a regulator of osteoclast

maturation and activity.*"

The chief TGF-B effects, however, lie in inhibition of
osteoclastogenesis, mainly through enhancing OPG mRNA expression by
BMSCs and primary osteoblasts, via a transcriptional and a post
transcriptional mechanism."**#" 3 [t was reported that both TGF-f; and
OPG not only inhibited osteoclast formation but also impaired their

. . . . . . 233,234
survival by inducing apoptosis in vitro.®*#%

The other mechanisms postulated to be involved in the suppressive
effects of TGF-P on osteoclastogenesis, included suppression of RANKL
mRNA expression and a direct inhibitory effect on osteoclast precursors as
well as inhibition of growth and differentiation of osteoclastogenesis
supporting stromal cells.>#% In fact, in vitro studies reported that TGF-p,
markedly inhibited tratarate resistant acid phosphatase (TRAP) positive
multinucleated osteoclast like cells formation in the presence of 1,25
(OH,D;.*? The stimulatory and inhibitory biphasic effects in vitro have
been observed at low (10-100 pg/ml) and high (4ng/ml) concentrations

respectively.?2
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TGF-B is tightly regulated by a complex set of mechanisms
including latency of the molecule, production of various latent forms, its
targeting to cells for activation or to matrix for storage and the means of
activation of the latent forms. The TGF-p isoforms and the receptor types,

affinities and signaling functions add to the complexity of regulation.!*®

Multiple factors, other than TGF-B and its receptors, regulate TGF-p
expression including systemic hormones (e.g. PTH, calcitriol, glucocorticoids,
androgens, retinoids), cytokines and growth factors (e.g. IL-1, IL-6,
fibroblast growth factor, epidermal growth factor) and mechanical

loading. @**2%)

The regulation of TGF-B, expression by the cytokines IL-1B and
[L-6 acts as a protective mechanism against cytokine induced connective
tissue catabolism. 1L-1 was found to inhibit TGF-B; mRNA expression,
while IL-6 was reported to induce TGF-f gene expression resulting in a five
fold increase in TGE-B; secretion.®*® Conversely, TGF-B, was reported to
induce the denovo synthesis of IL-1Ra,through upregulating its mRNA
expression, suggesting a potential mechanism by which TGF-f1 inhibits

IL-1 activity.®*”

Bone morphogenetic proteins (BMPs) are members of TGF-p
superfamily. About 20 BMPs were discovered, based on sequence homology.
BMPs induce both bone and cartilage formation, thus creating an environment

that leads to the development of a functional bone marrow.**2*?



Introduction 35.

In this respect, BMP-1 (osteogenic protein-1), a procollagen
14 a.a. C-proteinase, is a growth regulatory peptide that enhances bone
formation and trabecular bone density. Marrow stromal cells serve as
targets for osteogenic protein-1. This 1s achieved via a marked stimulation
of alkaline phosphatase activity and matrix mineralization,**'**> that is

potentiated by GH and basic fibroblast growth factor.**

[n addition, it was reported that BMP-2 and 4 stimulated osteoclastic
bone resorption, through increasing mRNA expression of cathepsin K and
carbonic anhydrase 11 which are the key enzymes for the degradation of
organic and inorganic matrices respectively. Their actions were mediated
by BMP receptors type 1A and 11 and their downstream signal transduction
molecules, SMAD 1 and SMAD 5, that were expressed in 1solated

osteoclasts as well as osteoblasts. *****

On the other hand, osteogenin (BMP-3) inhibits DNA synthesis and cell
proliferation, and stimulates type I collagen synthesis and cAMP production,

with an increase in intracellular ALP activity and osteocalcin synthesis.**”

Insulin like growth factor-1 : (1GF-I)

[nsulin like growth factors (IGFs) or somatomedins are polypeptide
growth factors secreted by the liver, bones, cartilages and other tissues in
response to stimulation by a variety of hormones of which growth hormone
is the most important. The term somatomedins was given to them because
of their growth promoting properties in numerous tissues and the inability

to suppress their bioactivity with autoinsulin antibodies. (“1.250239
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The IGF regulatory system consists of IGF ligands, IGF binding
proteins and their specific proteases and IGF receptors."#%%3) The IGF
ligands may act locally in tissues (autocrine/paracrine) or pass into the
general circulation. Beside insulin hormone, there are two forms of IGF
ligands, in the general circulation; IGF-I (or somatomedin-C) and IGF-1I

: 41,59,250-256
(or somatomedin-A).“4!>?#029)

The plasma IGF-1 level is low in early childhood, increases gradually
reaching its peak in adolescence and declines after 50 years of age because
GH secretion declines approximately 14% per decade of Jife.(41231253,236:258)
Males exhibit a 10-15% higher serum IGF-I concentration than females
across all ages after ptlberty.(253’259) Plasma IGF-II level is constant from

first year of life to beyond eighth decade.?*”

Somatomedins (or IGFs), structurally, consist of three short
a-helices, linked together by a set of three disulphide bonds. These factors
are closely related to insulin except their C-chains are not separated and
they have an extension of the A-chain called the D-domain (41,59,250-254, 260-
262) Both IGFs have 50% structural homology with insulin, and 70%

homology with each others.**”

The 70 a.a. peptide IGF-1(M.W 7.6 KDa) is structurally similar to
proinsulin (Figure 12)." 1t exerts some insulin like action. It inhibits
lipolysis and increases glucose oxidation in adipose tissue. 22 Its level
is elevated in pregnancy and periods of pubertal growth spurt. Its level 1s
also correlated well with body size and is dependent on nutritional status of

the individual (4233263267269
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IGF-I is the mediator for action of growth hormone in various tissues
including bone. In the skeleton, GH stimulates osteoblast and chondrocyte IGF-
I production, and both induce BMP 2 and 4 expression. ™) Many factors,
other than growth hormone, can also regulate IGF-I expression: parathyroid
hormone and PGE, stimulate IGF-1 expression through a cAMP-mediated

(229,277-280)

protein  kinase dependent transcriptional mechanism. Thyroid

hormones, particularly tri-iodothyronine increase skeletal IGE-I production,?*'**
while a high cortisol level decreases skeletal IGF-1 transcription, which
probably ~contributes to the inhibitory influence of cortisol on bone
formation.®®” Estrogen and androgens have been reported to increase IGF-I

mRNA expression, probably via a cAMP mediated mechanism. *****”

More recent studies point to two nuclear transcription factors termed,
core binding factor o; (CBFa,;) and CCAAT/enhancer binding protein delta
(C/EBP delta) as significant regulators of expression or activity of specific bone
growth factors including IGF-I, TGF- and BMPs.®%%) Such transcription
factors activate cAMP mediated mechanisms in response to glucocorticoids,

sex steroids, parathyroid hormone and prostaglanding #**>%

As regards the effect of other cytokines and growth factors on IGF-I
expression or activity, TGF-B, basic FGF and PDGF decrease IGF-I

transcript levels and cause dephosphorylation of IGF receptors.(290'293)

On the contrary, BMPs, particularly BMP-2, enhance IGF-I and II

synthesis through both transcriptional (up to 2 folds) and polypeptide levels
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(up to 4 folds).** Ip addition, IL-1B increases IGF-I mRNA transcript
levels via a PG-dependent mechanism, suggesting a possible role for IL-1f3

in regulation of bone remodeling.®

Moreover, a positive feedback mechanism was suggested to exist
between IGF-I and IL-6, since IL-6 decreases IGF-I production by osteoclasts

and [GF-I has been shown to increase osteoblastic IL-6 production, 2%

IGF-I is a key regulator of bone formation being capable of
stimulating both bone cell replication and differentiation. The released
IGF-I from stromal cells and osteoblasts during bone resorption enhances
bone matrix synthesis through upregulating mRNA levels of pro alpha-1
collagen, osteonectin, osteopontin and bone sialoproteins from osteoblasts
and their precursors. It also stimulates alkaline phosphatase activity,

- - - R e (39,59,299-317
suggesting a possible role in bone matrix mineralization.‘ )

The 67 a.a. peptide, IGF-Il (M.W =7.5 KDa), is much less affected
by growth hormone and plays a role in foetal growth before birth. Relaxin

is a member of this family and exists in two forms both resembling

IGF-11 (255,262,318-320)

The circulating IGFs concentrations are approximately thousands
folds higher than insulin concentration, yet in contrast to insulin only 10%

or less of IGF-1 exists in the free form.®2"

More than 90% of IGFs are kept inactive in plasma by binding to a

family of at least 6 specific binding proteins (IGFBPs), all sharing common
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G229 The most important is IGFBP-3, which is a large

cysteine residues.
M.W. (42-49 KDa) glycosylated protein that binds to more than 75% of
circulating IGF-1. IGFBP-3 is positively regulated by growth hormone, and

potentiates its action in most conditions,*?>*

[GFBP-3 has the unique property of being able to associate with an
acid labile subunit (ALS) after binding to IGF-I or II, forming a large (150
KDa) complex.®**?*? Recent data suggests that IGFBP-5 is capable also of
forming a similar complex with IGFs and ALS.®*** This large complex
limits IGFs to intravascular space, sparing it from proteolytic cleavage,
thus raising the plasma half life of IGF-I from 20-30 minutes to 3-18

hours (256,263,321)

About 20-30% of serum IGFs are found in small (45KDa) complexes
containing the other low MW (< 32 KDa) IGFBPs with no acid labile

subunit, allowing IGFs to reach extravascular tissue binding sites.®*

The IGF activity is further regulated by specific proteases that

proteolyse IGFBPs, thereby releasing IGFs from the small complexes.® %>

Most target tissues for IGF action, including bone, express IGFBPs
that further modulate local IGF action both in a positive (e.g. IGFBP-5) and
a negative (e.g. IGFBP-2 and 4) manner.®**** Recent studies reported that
IGFBP-5 further stimulates bone formation, via an IGF independent

. (52,345-349) /1o
mechanism.* ) (Figure 13)
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The biological actions of IGFs are exerted, through their interaction
with specific receptors. The IGF-I receptor is closely related to insulin
receptor in both structure (about 60% identity in overall amino acids and 85%

homology at the tyrosine kinase domain) and biochemcial properties.(3 30-355)

The IGF-I receptor is a tetramer, composed of 2 a and 23 subunits,
linked by disulphide bonds. The « subunits are extarcellular and contain
the 1GF-I binding site. The B subunits are mainly intracellular and exhibit
tyrosine kinase activity. Autophosphorylation of tyrosine residues on the
receptor stimulates tyrosine kinase to phosphorylate other proteins, such as
insulin receptor substrate proteins (IRSPs), that are components of the
downstream signaling pat:hway.“]‘350'3 *® IGF-1I/ mannose-6-phosphate receptor
lacks tyrosine kinase activity, and thus is not considered to have any major

role in IGF signal transduction.“"**”

The 1GF-I receptor expresses a high affinity for both somatomedins
and a low affinity for insulin. The IGF-II/mannose-6-phosphate receptor
has a high affinity for IGF-II, low affinity for IGF-I and no affinity for
insulin. The insulin receptor has a high affinity for insulin and a low one

for both somatomedins.'??"

Platelet derived growth factor (PDGF)

Platelet derived growth factor (PDGF) is a homo or heterodimeric |
30KDa molecule composed of A or B chains assembled in different
combinations, creating PDGF-AA, PDGF-BB or PDGF-AB.®%%2 The
three isoforms interact to different extents with two structurally similar

L .
receptor tyrosine kinases, denoted a and B.%%*2%
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Besides the systemic form produced by megakaryocytes and stored

in platelets, PDGF is produced locally by many cells including osteoblastic
C@”S (363, 367, 368)

PDGFs, particularly PDGF-AA, are potent cell mitogens that
stimulate osteoblast proliferation and protein synthesis by differentiated

cells, being detected at sites of bone formation or remodeling sites.®*?""

Basic fibroblast growth factor (b-FGF) (FGF-2)

FGF-2 (b-FGF) is a member of the FGF family that comprises nine
members."7>*"" There are 2 forms of b-FGF, the 18KDa form (146a.a

protein) mainly cytoplasmic, and the high molecular weight (HMW)
(374-379)

(24K Da) form (210 a.a) mainly nuclear.

FGF-2 interacts with specific cell surface receptors of which 4 are
identifiable (FGFR 1-4).“7**) The  extracellular ~ heparan sulphate
proteoglycans (HSPG) increase FGF-2 surface concentrations hence

enhancing FGF-2/FGF-2R interaction, %%

In bone, FGF-2 is synthesized by BMSCs and osteoblasts and is

(373,385

stored in the bone matrix. )Tt stimulates osteoblastic proliferation and

differentiation and induces osteoblastic TGF-p expression.®>7*) 1t

inhibits osteoclast like cell formation induced by 1,25(OH), D3, PGE; and

IL-11.%% The target cells for its action are not osteoclast progenitors but

stromal cells and osteoblasts.®*?1%

The role of FGF in bone remodelling could be denoted by its ability

to enhance osteoblastic mRNA expression of collagenases and stimulation

. . 396-399
of calcium release from foetal long bone cultures. )
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Chapren (111)
Renal Osteodystrophy

The term renal osteodystrophy (ROD) was first used in 1943
although the association between renal disease and bone abnormalities was
reported 60 years earlier.*”” Renal osteodystrophy means abnormalities of
bone and mineral metabolism which occur due to impaired renal function.
Hence, it is explained as bone (osteo) which is poorly (dys) nourished

(trophy) due to chronic renal failure.*"'**

The frequency of ROD is still unknown, although it is well
documented that even minor changes in renal function cause biochemical
and histological signs of metabolic bone disturbances.**"***? With a
glomerular filtration rate (GFR) of 60-90 ml/min, reduced vitamin D
concentration and increased parathyroid hormone concentration in blood
can be detected, while a GFR of 10-20 ml/min almost always causes ROD

- 401-40
signs. 1749

Patients with ROD present very late with a wide variety of non-
specific signs and symptoms, usually related to the musculoskeletal
system.®*"" A" common one is bone pain of gradual onset, in back, hips
and legs. Proximal muscle aching and weakness usually occur too.
Children with renal insufficiency usually suffer from retarded linear growth

and often exhibit skeletal deformities.®*""*"” By the time symptoms
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appear, the patient usually has significant biochemical abnormalities and

histologic evidence of bone disease.

Renal osteodystrophy comprises three types. The first type is a high
turnover bone disease (HTBD), that occurs due to secondary
hyperparathyroidism (sHPT). The second type is a low turnover bone
disease (LTBD) that includes osteomalacia and adynamic (aplastic) bone
disease. The third type is mixed uraemic osteodystrophy(MUQOD) where

overlap between the first two types occur, with features of the predominant

(3.401-409)

type.

High turnover bone disease (HTBD)

[n 1933 Langmead and Orr suggested that the parathyroid gland
hyperplasia was secondary to advanced CRF.(*!? Hyperparathyroidism can

occur when the GFR falls below 60-80 ml/min.®%406:411-413)

The first stimulus for increased parathormone synthesis and secretion
is renal phosphate retention. In early renal failure, plasma inorganic
phosphate is generally normal or even decreased.®-2406:412-415) Only in more
advanced stages, hyperphosphatemia develops which in turn lowers serum
ionized calcium by exceeding the (calcium x phosphate) solubility product.
The high plasma inorganic phosphate inhibits renal 1o hydroxylase
activity, added to the diminished number of functioning proximal tubular
cells, resulting in reduced calcitriol production, thereby inhibiting intestinal

calcium absorption.*2*%41641) Recent studies suggest that phosphate has a
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direct stimulatory effect on the parathyroid gland independent of calcium

and calcitriol levels 2409

The second major stimulus for enhanced parathormone secretion is
hypocalcaemia, especially the ionized fraction. ®>*®41%20) It nromotes the
release of stored hormone within few minutes and enhances parathyroid
hormone gene transcription. These actions are mediated by the so called
“calcium sensing receptor” within the membrane of the parathyroid

Ce” (421.422)

Parathyroid cells have specific receptors for vitamin Ds; (VDR).
When vitamin D; binds to them, it results in suppression of parathyroid
hormone gene expression and diminished parathormone secretion.(***2>
During renal failure, the combination of decreased plasma vitamin D5 level
and decreased binding of available vitamin Dj to the parathyroid cell
receptors results in a marked increase in parathormone secretion at all
levels of ionized calcium. This is known as altered set point for parathyroid

: - 1 (426-429
hormone secretion and can be reversed by giving calcitriol. (2%

Several other factors modify parathyroid glands function and
parathormone action on target organs, such as uraemic toxins, aluminium
toxicity, glucocorticoids, reduced degradation of carboxy terminal fragments

: 419,430, 431
of parathormone and target cell resistance to parathormone. )

[n addition, prolonged metabolic acidosis causes growth retardation

and muscle wasting, in part because of reduced food intake and decreased
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growth hormone and IGF-I secretion, resulting in increased serum intact

parathormone level and metastatic calcifications.?***%

The high parathyroid hormone level adversely affects the mineral
content of bone. Parathormone stimulates BMSCs and osteoblasts to
release cytokines and factors (e.g. IL-6, M-CSF) that induce proliferation
and differentiation of osteoclast precursors and activation of mature

(52,69,165,166,168)

osteoclasts. Metabolic acidosis resulting from impaired

hydrogen ion excretion also stimulates osteoclastic bone resorption and

. ‘ _ ‘ S
physicochemical bone dissolution.®*>*7

On the other hand, the bone forming actions of parathormone are

mediated in part, through many cytokines and growth factors , particularly,

IGF-1 and TGF-p .07

The clinical picture of hyperparathyroid bone disease (HTBD) is only
found in advanced stages of renal failure and usually not before maintenance
dialysis. In addition to the manifestations of hypercalcaemia (e.g. soft tissue
calcification), there is a broad spectrum of disorders caused by extraskeletal
actions of parathormone including haematological, immunological, nervous,
cardiac and pulmonary problems. That is why parathormone in ROD
patients may be known as a “uraemic toxin” because CRF patients with

secondary hyperparathyroidism (sHPT) appear severely j],02:406:438)

The radiographic features of sHPT combine manifestations of

accelerated bone resorption as well as bone formation, resulting in cysts or



ntroduction

48.
M

osteoclastomas (brown tumours) which are more frequent in primary type
of hyperparathyroidism,®*4%47%439) The 1ot sensitive radiographic sign
of sHPT is the presence of subperiosteal erosions of the phalanges and
eroded phalangeal tufts.C 2400407439440 o oo clerosis is characterized by
an increase in the thickness and number of trabeculae in spongy bone such
as increased density of vertebral ground plates (Rugger Jersy spine). In the
skull, resorption and osteosclerosis create the salt and pepper or ground
glass appearance.®>***%*D 15 aqdition to skeletal lesions, soft tissue

calcifications including vascular calcification may exist.2406:442)

The bone biopsy reveals osteofibrosis (osteitis fibrosa), that is
characterized by increased number and activity of osteoblasts with no
mineralization defect. Fibrous tissue is found next to, and sometimes

: : 406,4
replacing the bone trabeculae and even in the marrow spaces. 2406497

Low turnover bone disease (LTBD)

Low turnover uraemic osteodystrophy is the other end of the
spectrum of ROD. The main histologic bone features include a profound
decrease in bone turnover (i.e. low number of active remodeling sites)
resulting in bone resorption and suppressed bone formation, with or
without a mineralization defect. Two histologic subgroups can be identified
in this type of ROD, depending on the sequence of events leading to a
decline in the number and/or activity of osteoclasts: low turnover

osteomalacia and adynamic (aplastic) bone disease (ABD).(#406.409:443)
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Adynamic bone disease (ABD) has been described in end-stage renal
disease (ESRD) patients under chronic dialysis. It has been termed aplastic
bone disease, but because the main diagnostic criterion is an abnormally
low bone formation rate, the term adynamic is preferred,(*->2406:409:444-446) 1
was reported that the incidence of ABD in patients undergoing peritoneal

and haemodialysis was 60% and 36%; respectively.“*¥

Adynamic bone disease (ABD) was originally thought to be caused
by aluminium (Al) overload, yet the exact pathophysiological mechanisms
behind ABD are not yet elucidated.“”**® A number of epidemiological

and experimental data suggest a multifactorial process, in which

hypoparathyroidism and suppression of osteoblasts are the main actors.**”

These findings are associated with supraphysiological dialysate calcium
concentration, the use of oral calcium carbonate or acetate as phosphate
binders and the excessive use of calcitriol to suppress parathormone
secretion, resulting in lowering parathormone to levels which are
inadequate to maintain normal bone turnover.®*%*%42 1t was reported

that an intact parathormone plasma level of less than 65 pg/ml had a

positive prediction value of 78% for the occurrence of ABD (494349

Other factors, beside hypoparathyroidism, considered in playing a role

in the pathogenesis of ABD include ag<=,,(52’406’445 49 hypothyroidism,****>

e ) 1 (406,456 (406,457
Cushing’s disease and excessive use of steroids, 'hypophosphatemia, )

(406,459-461)

metabolic acidosis, " diabetes mellitus, and toxic doses of

fluoride (4"046?
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Patients with idiopathic ABD are often asymptomatic and have no
radiologic abnormalities at the time of diagnosis, thus idiopathic ABD at

present is a histologic finding rather than a disease state.“%®

The bone biopsy in ABD reveals a decrease in osteoid volume with
few osteoclasts and osteoblasts present, resulting in both defective

mineralization and collagen synthesis. (3,406)

Compared to ABD, osteomalacia has now become a much rarer
disease (about 4%), at least in western countries, though it might still

regularly occur in less developed ones.“4?

Earlier, it was thought that osteomalacia resulted from altered
vitamin D metabolism. Later other pathogenic factors, including Al
accumulation, have been implicated, although refractoriness to treatment
with active vitamin D sterols is another feature of Al related

. (463-466
osteomalacia,#¢346%)

The sources of Al toxicity include ingestion of Al as a phosphate
binder, use of Al contaminated dialysate, and infusion of albumin products

A467488) The incidence of Al intoxication among

containing ALY
dialyzed patients has declined with elimination of its causes. Today
aluminium toxicity is mainly found after long term (5-10 years)

dialysis. %47

In uraemic patients, osteoidosis and adynamic bone disease are the

two major types of Al related osteopathy as evidenced by histological
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403,46

. 8,471-473 : )
studies.' ' However, Al overload may simultaneously be found in

the presence of osteitis fibrosa or a mixed type of renal osteodystrophy.“””

Al deposition within the mineralization front results in excessive
osteoid formation and impaired bone mineralization 2447471 1,
addition, Al is cytotoxic to osteoblasts, resulting in reduction in their

i .o . . . . (475-478) .
number and activity , as evidenced by in vitro studies. This leads to

. . 7 .
an adynamic bone disease. 7™ Al suppresses PTH secretion,>2406:479:480)

and can also induce resistance to PTH and vitamin D G-2406:480)

Clinical features of Al-related osteomalacia include progressive bone
pain, affecting mainly the axial skeleton. Proximal muscle weakness and

fractures of ribs, pelvis, and vertebrae are common,*>4%®

Radiological findings include the presence of pseudofracture or
“looser zones” appearing as radiolucent cortical bands, perpendicular to the
long axis of the bone. Other signs include true fractures of ribs and hips and
compression fractures of vertebral bodies. Features such as increased
haziness or coarsening of trabeculae, biconcavity of vertebral bodies and
bending deformities of long bones are said to be typical of osteomalacia.
Superimposed radiological picture of sHPT can be seen in these

(3,52,400,465,481)

patients. The diagnosis can be verified by bone biopsy. The

bone histology reveals Al deposits detected along the trabecular bone surfaces

) 1 - ) o (3,406,481
and on the cement lines, together with impaired mineralization. )
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Recently, it has been found that bone strontium levels were increased

in HD patients with osteomalacia, compared to all other types of ROD. The

source of strontium is contaminated dialysate resulting from addition of

strontium-containing acetate-based concentrates, 43482 (Figure 14)

Mixed uraemic osteodystrophy

It 1s mainly caused by hyperparathyroidism and defective
mineralization with or without increased bone formation. These features
may co-exist in varying degrees in different patients, with an increase in the

number and activity of osteoclasts.***

In ROD patients, there is accumulating evidence suggesting that
alterations of the various cytokine systems, involved in the regulation of
different stages of the bone remodeling cycle, contribute in the

pathogenesis of the remodeling abnormalities of ROD . (#%6%:48348%)

Therefore, its is worthy to study some of these local bone regulatory
cytokines in ESRD patients with secondary hyperparathyroidism under

maintenance haemodialysis.
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Figure (14): Some important pathogenetic mechanisms involved in the development of
renal osteodystrophy.“*?
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AIM OF THE WORK

This work aims at studying some local bone regulatory cytokines in

end stage renal disease patients with secondary hyperparathyroidism under

maintenance haemodialysis.
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MATERIAL

The present study included two groups of subjects:

Group I:

Group II:

It consisted of twenty healthy volunteers of matched age, sex
and socioeconomic status as the patients. They were clinically
free and had no history of hypertension, diabetes mellitus,

skeletal, cardiac, hepatic, renal or autoimmune diseases.

It consisted of forty one patients with end stage renal disease
under maintenance haemodialysis. They were selected from the
Nephrology Unit of Medical Research Institute, Alexandria
University. They had clinical, radiological and/or laboratory
evidence of secondary hyperparathyroidism. The dialysis
sessions for these patients were three times weekly, with the
duration range of each session from four to six hours. A
standard dialysis prescription using a cuprophane hollow fiber

dialyzer was adopted.
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METHODS

To all subjects, the following parameters were carried out:

I- Full clinical examination : including :

I- Detailed history taking with special stress on the presence of bone or
joinf pain, proximal muscle weakness and pathological fractures. The
duration of dialysis in months was recorded in the patients’ group.

2- Thorough physical examination with stress on blood pressure, proximal
wasting, bone tenderness and skeletal deformities (including lumbar

scoliosis, and thoracic kyphosis) or fractures.

II- Investigations: including:

A- Radiological investigation
Plain X-ray skull, spine and hands were done to detect radiological

evidence of renal osteodystrophy.

B- laboratory investigations
Sampling

Ten milliliters venous blood samples were taken from each subject
after an overnight fasting. In the patients group, the samples were taken

immediately before the dialysis session.

After clotting, the blood samples were centrifuged, and serum was

separated. Part of the serum was used for immediate determination of the
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routine analytes (including parathormone which was transported in ice),
while the rest was stored in aliquots in four eppendorf tubes at —20°C for

cytokine determination,
Analytes determined for all subjects included in this study were:

1- Fasting serum glucose level“*”

Glucose was determined without deproteinization using an

enzymatic method based on the following reaction:

Glucose oxidase L
Glucose + O, + H,O UCOSE NI, Gluconic acid + Hy0,

. Peroxida . _
H,0, + 4-aminophenazone + phenol ——~=— Quinoneimine + H,O

The oxidized rose coloured product, which is proportionate to the
concentration of glucose in the sample (T) was read spectrophotometrically
at A 546nm, and compared to standard glucose solution (S) of a known
concentration (Cs) similarly treated. Serum Glucose (Cr) was calculated as

follows:

CT: A%S x Cs

mmol glucose/L = mg/dl x 0.055

2- Serum creatinine concentration*”
Creatinine was determined without deproteinization using Jaffé
reaction in a kinetic manner. The complex formed by creatinine in the

sample (T) and alkaline picrate was measured spectrophotometrically at an



Methods 58
, .

interval of | minute at A 492 nm and compared to a standard creatinine

solution (S) of a known concentration (Cs) similarly treated.

The difference between the absorbances at 20 and 80 seconds

(AA/min) was used to determine creatinine concentration in the sample

(Cy) as follows:

CT= AA%AS x Cs

mmol creatinine/L = mg/dl x 0.0884

3- Serum calcium“’”

Total serum calcium was determined without deproteinization using
Arsenazo III monoreagent. Arsenazo III specifically binds to calcium. The
formed complex was read spectrophotometrically at A 660 nm (T) and
compared to a standard calcium solution (S) of a known concentration (Cs)
similarly treated. The total calcium concentration (Cr) was calculated as

follows:

Cr= A%S x Cs

mmol calcium/L = mg/dl x 0.25

4- Serum ionized calcium™“”

lonized calcium was determined using a direct ion selective electrode
without sample deproteinization or dilution. The measured potential
between the calcium measuring electrode and the reference electrode was

the result of changes in potential which developed across the ion selective
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electrode (ISE) membrane/sample interface which was related to the
natural logarithm of the ionic activity according to Nernst equation. Results

were obtained in mmol/L and were converted to mg/dl as follows: mg/dl =

mmol/L x 4.

5- Serum inorganic phosphate:“*

Serum inorganic phosphate was determined without deproteinization
using ammonium molybdate in acidic medium. The formed yellow
coloured complex (T) was measured at 340nm, and compared to a standard

phosphorus solution (S) of a known concentration (Cs) similarly treated.

The serum inorganic phosphate concentration (Cr) was calculated as follows:

Cr= A%S «Cs

mmol morganic phosphate/L = mg/dl x 0.0735

6- Serum alkaline phosphatase activity“*™

Total alkaline phosphatase (ALP) activity was determined, without
deproteinization, using para-nitro phenyl phosphate as substrate. ALP
catalyzed its hydrolysis liberating yellow coloured p-nitrophenol in alkaline

solution.

The rate of increase in absorbance (AA) due to the formed coloured
paranitrophenol product at 37°C was monitored kinetically for 3 minutes at

405nmm. The enzyme activity-expressed in units/L-was calculated as

follows: AA/min x 2757.
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7- Serum acid phosphatase activity“*®

Total acid phosphatase (ACP) activity was determined without

deproteinization according to the following equation:

o-Naphthyl phosphate + H,O AP, a-Naphthol + phosphate

a-Naphthol + fast red TR salt —— Azo dye

(@C.B. Fast red TR salt: 4-chloro-2-methyl phenyl diazonium salt)

The increase in absorbance of the resulting azo dye at 37°C was
monitored kinetically for 3 minutes at 405nm. The enzyme activity-

expressed in units/L-was calculated as follows: AA/min x 730.

8- Aspartate aminotransferase (AST) activity: “*
AST activity was determined as follows:
a-oxoglutarate + L-aspartate AL glutamate + oxaloacetate

Oxaloacetate + NADH + H' _MPH 1 _malate + NAD

(MDH = malate dehydrogenase)

The decrease that occurs in absorbance at 340 nm (due to NADH +
H" oxidation) was monitored kinetically for 3 minutes. The enzyme

activity-expressed in units/L-was calculated as follows: AA/min x 1746.

9- Alanine aminotransferase (ALT) activity“"™
ALT activity was determined as follows:
a- oxoglutarate + L-alanine —ALLaL-glutamate + Pyruvate

Pyruvate + NADH + H” —2— Lactate + NAD
(LD: Lactate dehydrogenase)
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The decrease that occurs in absorbance at 340 nm (due to NADH +
H" oxidation) was monitored kinetically for 3 minutes. The enzyme

activity-expressed in units/L-was calculated as follows: AA/min x 1746.

10- Serum albumin:“”

Albumin was determined using bromocresol green dye that gave a
green coloured product with albumin. The resulting colour was read
spectrophotometrically at A 600 nm (T), and compared to a standard

albumin solution (S) of a known concentration (Cs) similarly treated. The

albumin concentration (Cr) was calculated as follows:

CT = A%S x Cs

gm albumin/L = gm/dl x 10

11- Intact parathyroid hormone (iPTH): (Immulite)“®

Serum iPTH was measured using a two site, solid phase
chemiluminescent enzyme immunometric assay by Immulite Automated
Analyzer Diagnostic Products Corporation. The solid phase was a
polystyrene bead enclosed in an immulite test unit, coated with an affinity

purified goat polyclonal anti-PTH (44-84) antibody.

After adding the sample or calibrator, together with the alkaline
phosphatase conjugated affinity purified goat polyclonal anti-PTH (1-38)
antibody in the test unit, a 37°C incubation was done for approximately 60
minutes, with intermittent agitation. The iPTH (sample or calibrator) was

bound to both anti PTH antibodies to form a sandwich complex.
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Unbound conjugate in the test unit was removed by centrifugal wash,
and a luminogenic substrate was added to the test unit, which was then
transferred to the luminometer chain. Ten minutes later, the unit arrived in
front of the photomultiplier tube (PMT), where the light generated by the

luminometric reaction was measured.

In luminogenic reaction, the substrate (adamantyl dioxetane
phosphate) was dephosphorylated into an unstable anion (unstable
intermediate dioxetane) by the alkaline phosphatase conjugate captured on
the bead. The unstable intermediary emitted photons upon decomposition,
directly proportional to the amount of bound enzyme, and therefore directly

proportional to the concentration of iPTH in the serum sample.

12- Estimation of insulin like growth factor-1 (IGF-1)“”

Principle

IGF-I was determined using an active non-extraction IGF-I
enzymatically — amplified ~ “two-step” sandwich enzyme linked
immunosorbant assay (ELISA) (using kit from Diagnostic Systems
Laboratories Inc. 445 Medical Center Blvd, Webster, Texas 77598-4217
USA Cat No DSL-10-2800. Active Non-Extraction).

In this assay, the antigen (IGF-I) in the standards, controls and
pretrcated samples, was incubated for 2 hours at room temperature with
continuous shaking, in microtitration wells coated with IGF-I antibodies.
At the end of incubation, a five wash cycle was performed, followed by the

addition of horseradish peroxidase enzyme labeled anti IGF-1 antibody.
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Then incubation for half an hour at room temperature with continuous
shaking was done. This was followed by a second wash cycle. After the
addition of an appropriate substrate (tetramethylbenzidine = TMB), a third
incubation was done, at room temperature, with shaking in the dark for ten
minutes. An acidic stopping solution was added and the absorbance of the
resultant colour, measured at A450 nm, was directly proportional to the
IGF-1 concentration in the wells. Results were deduced from a standard

curve of absorbance versus IGF-1 concentration.

Reagents

1- Anti IGF-I coated microtitration strips

A strip holder containing 96 microtitration wells coated with IGF-I

antibody.

2- IGF-I standards

Five standard concentrations of 0, 10, 45, 250 and 600 ng/ml IGF-I
(synthetic) in a protein based buffer (BSA) with a non mercury
preservative. The zero ng/ml concentration was ready to use, while the

other 4 concentrations were reconstituted each with 1ml of deionized water.

3- 1GF-I controls: (lyophilized)

Two levels I and II containing low (190ng/ml) and high (400 ng/ml)
IGF-I concentrations respectively in a protein based buffer (BSA) with non
mercury preservative. Each control was reconstituted with 1 ml of

deionized water.
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4- Assay buffer

A protein based buffer (BSA) with a non mercury preservative.

5- IGF-1 antibody enzyme mercury conjugate concentrate

Anti IGF-I antibody conjugated to the enzyme horseradish
peroxidase (HRP) in a protein-based buffer (BSA) with anon mercury

preservative was diluted with the assay buffer in a ratio of 1:50.

6- TMB chromogen (substrate) solution

A solution of tetramethylbenzidine (TMB) in buffer with hydrogen

peroxide.

7- Stopping solution

0.2 M sulphuric acid.

8- IGF-I Sample buffers

Two different sample buffers with non mercury preservatives were

used according to the manufacturer’s instructions.

9- Wash concentrate

A concentrate containing buffered saline with a non-ionic detergent,

was diluted 25 folds with deionized water prior to use.

ote: All reagents and samples were allowed to reach room temperature

and mixed thoroughly by gentle inversion prior to usage.
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Sample pretreatment: (Done for samples only)

Procedure

I- Polypropylene 12 x 75mm wassermann tubes were labelled for samples
and 20 pl of serum from each sample was pipetted into each.

2- 990 ul of the first sample buffer were added to each tube then mixed by
vortex and mcubated at room temperature for 30 minutes.

3- 990 ul of the second sample buffer were then added to each tube and

mixed as instructed by the manufacturer.
@ote: The sample pretreatment was done in the same day prior to analysis.

Assay procedure

1- The microtitration strips to be used were marked.

2- 20 pl of each standard, control and pretreated serum samples were

pipetted to their appropriate locations in the antibody coated wells .

3- 100 ul of assay buffer were added to each well.

4- The wells were incubated at room temperature for 2 hours, with shaking
at a speed of 500-600 rpm.

5- Using an automatic microplate washer, the contents of each well were
aspirated and washed for 5 times with the washing solution . Blot

drying of the plate by inverting it on absorbent material was then done.

. AB. At this step, the antibody enzyme conjugate was prepared by its
dilution with the appropriate amount of assay buffer.

6- 100 pl of antibody enzyme conjugate were added to each well.
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7- The wells were incubated for 30 minutes at room temperature, with
shaking at 500-600 rpm,

8- A second wash cycle was done (like the first one).

9- Then 100 pl of TMB chromogen solution were added to each well.

10-The wells were incubated for 10 minutes at room temperature, with
shaking at 500-600 rpm. Exposure to direct sunlight was avoided.

IT-This was followed by addition of 100 ul of stopping solution to each
well.

12-Using a microplate reader set at A450 nm, the absorbance of the

solution in each well was read.

Results

I- The mean absorbances of standards and controls were calculated.

2- On a log-log graph paper a standard curve was plotted with the mean
absorbance for each of the standards on the Y-axis versus the IGF-I
standards’ concentrations in ng/ml along the X-axis. (Figure 15)

3- The IGF-1 concentrations of the controls and samples were deduced

from the standard curve.
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13- Estimation of transforming growth factor-beta1 (TGF-[3.)**
Principle

TGF-B, was determined by a competitive enzyme linked
immunosorbant assay (ELISA) (using kit from Biosource Europe S.A: Rue

de L’industrie, 8 B-1400 Nivelles Belgium. Biosource TGF-; EASIA kit,
KAC 1681).

The antigen (TGF-)) present in the standards, pretreated controls
and serum samples was incubated with a horseradish peroxidase labelled
TGF-B, (conjugate), for two hours at room temperature with continuous
shaking, in microtiter wells coated with TGF-f; antibodies. After a three
wash cycle, the substrate (tetramethylbenzidine) was added and incubation
for half an hour in the dark with continuous shaking was performed. A
stopping solution was added, and the absorbance of the resultant colour,
measured at A450 nm, was inversely proportional to the TGF-3; concentration
in each well. Results were deduced from a standard curve of the percent bound

(B/By.100) TGF-B, standard versus TGF-B, standard concentration.

Reagents

I- Microtiter plate: It consisted of 96 wells coated with antt TGF-f3.

2- TGF-B, standard: A stock standard of lyophilized TGF-3; from human
platelets in acetate buffer, from which serial dilutions were done using
the dilution buffer.

3- TGF-PB, control: It was reconstituted with 0.5 ml distilled water,
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4- TGF-B horseradish peroxidase conjugate.
5- Dilution buffer,

6- Extraction solution.

7- Acetic acid 2.5 M.

8- Tetramethylbenzidine (TMB) chromogenic solution.

9

Stopping solution.

10-Washing solution.

Sample extraction

This step was done to release TGF-B, from latent complexes making
it accessible for measurement. This was done only for serum samples and
controls:

I- Polypropylene wassermann tubes were prepared for each sample and
control.

2- In each tube 100 ul of sample/control were added followed by addition
of 100 pl of 2.5 M acetic acid.

3- After good mixing (vortex), the tubes were incubated for 15 minutes at
room temperature RT.

4- In another set of polypropylene wassermann tubes: 20 pl of each
sample/control mixture were added to 500 pl of the dilution buffer.

5- At this step, samples / control were diluted 1/52.

Standard curve preparation

e The lyophilized TGF-B; standard was reconstituted with the appropriate

amount of dilution buffer.
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In polypropylene wassermann tubes: 5 fold serial dilutions of the
reconstituted calibrator, using the dilution buffer, were done to obtain
senal standard concentrations which were multiplied by a factor of 52 to
account for sample dilution in the pretreatment step as follows:

Concentration of

Calibrator dilution ml of calibrator  ml of dilution buffer

calibrator (ng/ml)

1/1 (undiluted) - - 52
1/5 02 0.8 10.4

1/25 02 0.8 2.08
17125 02 0.8 0416

Assay procedure

1- The microtitration strips to be used were marked.

2- Into the appropriate wells, 100 pl of each standard or extracted control
or sample were pipetted.

3- 50 ul of TGF-B; HRP conjugate were pipetted, into each well.

4- The wells were incubated at room temperature for 2 hours bn a
horizontal shaker set at 700 rpm.

5. Using an automatic microplate washer, each well contents were
aspirated and washed 3 times using the diluted wash solution, followed
by blot drying.

6- 100 pl of TMB chromogen solution were pipetted, into each well.

7- The plate was incubated at room temperature in the dark for 30 minutes
on a horizontal shaker set at 700 rpm.

8- 100 pl of stop solution were pipetted into each well.
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9- The absorbance was read on a microplate reader set at 450 nm

(reference filter: 650 nm).

Results and calculation

I- The mean absorbance (A) of duplicate standard and control readings
was calculated.

2- For each standard/control/sample. The B/B,.100 was calculated:

A (standard/sample)
A (zero standard)

x100

3- using a semilog graph paper, with Y-axis (linear scale) showing the
percent bound TGF-B, standard and X-axis (logarithmic scale) showing
TGE-Biconcentrations, the TGF-B; concentration of extracted
samples/control were deduced. (Figure 16)

. B. For samples with values higher than the highest standard, the

extracted samples were diluted with the dilution buffer.
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14- Estimation of interleukin -1beta (IL-13)“"
Principle
[L-1B was determined using a sequential competitive enzyme

immunoassay (EIA) (using Accucyte Human IL-1p kit from Cytimmune

Sciences Inc 8075 Greenmead Drive, College Park, Maryland 20740).

The 1L-1p in the standards or pretreated samples was incubated in
wells precoated with goat antirabbit IL-1B-polyclonal antibodies for 3
hours at room temperature. At the end of incubation, the biotinylated IL-13
conjugate was added, and a second incubation time (30 minutes at foom
temperature) was allowed for binding of the conjugate to the rest of the free

polyclonal antibody binding sites.

After a five wash cycle, the streptavidin alkaline phosphatase enzyme
was added, followed by a 30 minutes incubation at room temperature to allow

enzyme binding to the conjugate (biotin-streptavidin binding).

After another five wash cycle, the substrate (two step colour
generating system) was added, followed by a 15 minutes incubation at
room temperature, and a final addition of an acidic stopping solution. A
two step colour generating system was used. The alkaline phosphatase
dephosphorylated NADPH (substrate) to NADH. The NADH then served
as a cofactor that activated a cycling redox reaction driven by alcohol
dehydrogenase and diaphorase. The latter reaction formed a deep red

coloured product (formazan)
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The absorbance of the final red colour, read at A492 nm, was

inversely proportional to the concentration of IL-1p in both standards and

pretreated samples.

Sample results were deduced from a standard curve of percent bound

[L-1p standard (Y-axis) versus IL-1§ standard concentrations (X-axis).

Reagents

1-

96 well microtiter plate: precoated with goat antirabbit antibodies
(secondary antibodies).

Sample diluents: two sample diluents were used for pretreatment of
serum sample as instructed by the manufacturer.

Rabbit antihuman IL-1B polyclonal antibody: reconstituted with the
supplied diluent and thoroughly mixed using vortex (primary antibody).

Human biotinylated IL-1B conjugate: reconstituted with the supplied
diluent and thoroughly mixed using vortex.

Streptavidin alkaline phosphatase: reconstituted with the supplied
diluent and thoroughly mixed using vortex.

Colour reagents: the supplied colour reagents were just mixed before
the step of their addition in the procedure. The colour reagents consisted
of NADPH, alcohol dehydrogenase and diaphorase.

Washing solution.

Recombinant 1L-1p standard: Reconstituted with the supplied diluent
and thoroughly mixed using vortex (concentration =200 ng/ml). Serial
dilutions were done to construct a standard curve.

Stopping solution: 0.5 M sulphuric acid that was ready to use
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Preparation of the serial IL-1[ standard dilution

Serial dilutions of the prepared IL-1f standard with the appropriate

amount of diluent were done in wassemann tubes, as follows:

Tube number Reconstituted standard Standard concentration
Tube (1) 200 ng/ml
Tube (2) 600 pl diluent + 200 pl of tube (1) 50 ng/ml
Tube (3) 600 pl diluent + 200 pl of tube (2) 12.5 ng/ml
Tube (4) 600 pl diluent + 200 pl of tube (3) 3.125 ng/ml
Tube (5) 600 ul diluent + 200 pl of tube (4) 0.781 ng/ml
Tube (6) 600 pl diluent + 200 pl of tube (5) 0.195 ng/ml

As regards the zero standard: 200 pl of diluent was put in its

designated well directly.

Sample pretreatment:

In polystyrene wassermann tubes: 50 ul of the sample were added to
a mixture of the two supplied diluents as instructed by the manufacturer (50
ul of the second diluent and 100 pl of the first diluent) with good mixing
using vortex.
Procedure
1- Marking of the designated wells was done.
2- Into the designated wells, 100 pl of serial standard dilutions/ pretreated

serum sample were dispensed.
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3-

25 ul of diluted rabbit antihuman IL-1B polyclonal antibody were
dispensed into each well. The plate was sealed with acetate plate sealer
(to prevent evaporation), and incubated at room temperature for 3

hours.

@(.B. At this step, colour reagents A & B were allowed to come to room

4-

temperature.
At the end of incubation and following removal of the sealer, 25 pl of
biotinylated IL-1B conjugate were dispensed into each well and
incubated at room temperature for 30 minutes after sealing with plate
sealer.
the sealer was removed, and the first washing step was done, in the
form of five washing cycles, using an automatic plate washer, followed
by aspiration of the washing solution and blot drying of the plate.
Into each well 50 ul of reconstituted streptavidin alkaline phosphatase
were dispensed, plate was sealed and incubated at room temperature for
30 minutes.
The sealer was removed, and the second washing step was done in the
form of five washing cycles, using an automatic plate washer, followed
by aspiration of washing solution and blot drying of the plate.
The colour reagent was prepared then 200 pl of the colour reagent were
dispensed into each well. The plate was sealed, and incubated at room

temperature for 15 minutes.
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. B. A period of three seconds were allowed for gentle plate shaking
using a plate shaker.
9- After incubation, 50 pl of stopping solution were dispensed into each
well in the same order of addition of the colour reagent.
10-The absorbance of the coloured solution in the plate was read at A492

nm using a microplate reader.

Calculation

e A standard curve was plot on asemilog graph paper with X-axis (log
scale) showing IL-1B standard concentrations and Y-axis (linear scale)
showing corresponding % activity which was expressed as B/B,.100).

e The curve was sigmoid in nature. (Figure 17)

e After obtaining the sample concentration from the standard curve, the
final result was multiplied by a dilution factor of 4 (due to sainple

pretreatment)
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15- Estimation of tumour necrosis factor-alpha (TNF-o)®*»
Principle
TNF-o was determined using a sequential competitive enzyme

immunoasay (EIA) (using Accucyte human TNF-q kit from Cytimmune

Sciences Inc. 8075 Greenmead Drive, College Park, Maryland 20740).

The TNF-o (antigen) in the standards or pretreated samples was
incubated in microtiter wells precoated with goat antirabbit TNF-q-
polyclonal antibodies for 3 hours at room temperature. At the end of
incubation, the biotinylated TNF-o conjugate was added, and a second
incubation (30 minutes a room temperature) was allowed, in order for the

conjugate to bind to the rest of the free antibody binding sites.

A five wash cycle was done, followed by addition of streptavidin
alkaline phosphatase enzyme, and a 30 minutes incubation at room

temperature, to allow enzyme binding to the conjugate.

A second five wash cycle was done, and the substrate (two step
colour generating system) was added, followed by a 15 minutes incubation
at room temperature, and finally addition of an acidic stopping solution. A
two step colour generating system was used. The alkaline phosphatase
dephosphorylated NADPH (substrate) to NADH. The NADH then served
as a cofactor that activated a cycling redox reaction driven by alcohol
dehydrogenase and diaphorase. The latter reaction formed a deep red

coloured product (formazan).
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The absorbance of the resulted red colour, read at 2492 nm, was

inversely proportional to the concentration of TNF-o in both standards and

pretreated samples.

Results  were deduced from a standard curve of percent activity

(Y-axis) versus TNF-o standard concentrations (X-axis).

Reagents

1- 96 will microtiter plate: precoated with goat antirabbit antibodies

2- Sample diluents: two sample diluents were used for pretreatment of
serum sample as instructed by the manufacturer.

3- Rabbit antthuman TNF-a polyclonal antibody: reconstituted with the
supplied diluent and thoroughly mixed using vortex (primary antibody).

4- Human TNF-a conjugate: reconstituted with the supplied diluent and
thoroughly mixed using vortex.

5- Streptavidin alkaline phosphatase: reconstituted with the supplied
diluent and thoroughly mixed using vortex.

6- Colour reagents: the supplied colour reagents were just mixed before
the step of their addition in the procedure. The colour reagents consisted
of NADPH, alcohol dehydrogenase and diaphorase.

7- Washing solution.

8- Recombinant TNF-a standard: Reconstituted with the supplied diluent
and thoroughly mixed using vortex (concentration = 200 ng/ml). Serial
dilutions were done to construct a standard curve.

9- Stopping solution: 0.5 M sulphuric acid that was ready to use
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Preparation of the serial TNF-a standard dilutions

In polystyrene wassermann tubes the following was added:

Tube number Reconstituted standard Standard concentration
Tube (1) 200 ng/ml
Tube (2) 600 ul diluent + 200 pl of tube (1) 50 ng/ml
Tube (3) 600 ! diluent + 200 pl of tube (2) 12.5 ng/ml
Tube (4) 600 pl diluent + 200 pl of tube (3) 3.125 ng/ml
Tube (5) 600 pl diluent + 200 pl of tube (4) 0.781 ng/ml
Tube (6) 600 ul diluent + 200 pl of tube (5) 0.195 ng/ml

As regards the zero dose: 200 pl of the supplied diluent were put

directing in the designated well.

Sample pretreatment:

In polystyrene wassermann tubes: 50 ul of the sample were added to
a mixture of the two supplied diluents as instructed by the manufacturer (50
ul of the second diluent and 100 pl of the first diluent) with good mixing

using vortex.

Procedure
1- Marking of the designated wells was done.

2- Into the designated wells, 100 pl of duplicate serial standard dilutions/
pretreated serum samples were dispensed.

3- 25 pl of diluted rabbit antthuman TNF-oo polyclonal antibody were
dispensed into each well. The plate was sealed using a plate sealer (to
prevent evaporation) and incubated at room temperature for 3 hours.

. B: At this step, colour reagents were allowed to come to room temperature.
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At the end of incubation, 25ul of biotinylated TNF-o conjugate were
dispensed into each well, sealed with a plate sealer and incubated for 30
minutes at room temperature.

The first washing step was done, using an automatic plate washer , in
the form of five washing cycles, followed by final aspiration of the
washing solution and blot drying of the plate.

Then 50 pl of reconstituted streptavidin-alkaline phosphatase enzyme
were dispensed into each well. The plate was sealed and incubated at
room temperature for 30 minutes.

The second washing step was performed using an automatic plate
washer in the form of five washing cycles, followed by final aspiration
of washing solution and blot drying of the plate.

Equal volumes of the colour reagents were mixed, and 200 pl of this
mixture were dispensed into each well. The plate was sealed and

incubated for 15 minutes at room temperature.

@(.B. A period of 3 seconds was allowed for gentle plate shaking

9.

following addition of the colour reagents using a plate shaker
After incubation, S0 ul of stop solution were dispensed into each well in

the same order of addition of the colour reagent.

10-The absorbance of coloured solution in the plate was read at wavelength

492 nm using a microplate reader.

Calculation

A standard curve was plotted on semilog graph paper with X-axis (log

scale) showing TNF-a concentration and Y-axis (linear scale) showing
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corresponding % activity which was expressed as B/B,. 100 for

standards and samples.
* The resulting curve was sigmoid in nature. (Figure 18)

o After obtaining the sample concentration from the standard curve, the

final result was multiplied by a dilution factor of 4 (due to sample pre

treatment).
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Statistical Analysis

Statistical analysis was done using the SPSS software package.®%”

Statistical analysis was done to obtain the mean, the standard
deviation, the standard error for each mean and for comparison between the
different groups involved in this study using student “t” test to compare
between independent samples, and Wilcoxon test for abnormal distribution

between two groups.

1- Arithmetic mean (X ) was calculated as follows:

v - 2X
n
Where ;
X = Arithmetic mean

v X = Sum of observations

n = number of observations

2- Standard deviation (S.D.) was calculated as follows:

§p. = | ZXX)
n-1
Where ;
n = number of cases
X = individual values

X = Arithmetic mean of the group

3- Standard error: (SE)
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4- Student t-test:

X, = Arithmetic mean of the 1* group
X, = Arithmetic mean of the 2" group
S.

E\ = Standard error of the 1* group
S.E; = Standard error of the 2" group

The probability “P” values, were obtained form the table of “t”,
where degrees of freedom were taken as (n+ ny) — 2 for student “t” test.

“P” values of less than 0.05 are considered statistically significant.

5- Wilcoxon test:

It is anon parametric test (distribution free method), used to test the
significance of difference between 2 groups, when one or both groups are

abnormally distributed.

The following equation was used:

T, -l/i'zn] (n+1)

Jm sl

SND = Standard normal deviate

Where,

Ti = Sum of ranks of the 1* group
n; = Sample size of the 1™ group
n, = Sample size of the 2" group
n =n;+m

t = ties between ranks
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6- Coefficient of correlation:

A measure of the strength of the association between 2 variables is

calculated by Pearson’s product-moment coefficient of correlation “r”.

This measure reports the strength of the relationship between
dependent and independent variables. For two variables, “r” can have any
value from -1.00 to + 1.00. The strength of the relationship is not

dependent on the direction of the relationship. It is obtained by:

n (EXY)-(EX)(ZY)
JIn(EXH- 00 (EY2)-(2Y)?]

r:

I = The number of paired observations

Z X = The sum of the X variable

> Y  =The sum of the Y variable
> X* =The X - variable squared and the squares summed.

(> X )* = The X-variable summed and the sum squared.
> Y* =The Y-variable squared and the squares summed.

(v ) =the Y-variable summed and the sum squared.
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RESULTS

Table I: Age and sex of the control group (Group I):

Twenty healthy volunteers were included in this study (10 males and

10 females). Their mean age was 36 + 10.27 years.



Age (years)
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29
40
36
22
20
40
28
32
31
45
30
25
35
32
52
28
54
55
41
45
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F = Female
M = Male
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Table II: Some clinical and radiological data of the haemodialyzed

patients’ group (Group II).

Forty one haemodialyzed patients were involved in this study (22
males and 19 females). Their mean age was 45.36 + 10.03 years, and their

mean duration of dialysis was 62.51+62.46 months.

The mean blood pressure of this group was 130.98/79.51 +
24.37/10.24 mm Hg.

29 subjects of the patient group had clinical evidence of secondary
hyperparathyroidism, while 36 had radiological evidence of secondary

hyperparathyroidism.
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Table II: Some clinical data of the studied haemodiolyzed
patients’ group

Evidence of secondary
Age Sex Dur. Dial| B.P. hyperparathyroidism
(years) (months) ((mmHg)|  Clinical Radiological
evidence evidence
50 M 105 150/90 + +
29 M 91 130/80 + +
45 M 127 120/80 + +
36 M 94 110/70 + +
46 M 36 100/70 + +
55 M 35 100/70 + -
44 M 36 110/70 + -
48 M 60 140/90 - -
42 M 260 110/70 + -
35 M 106 100/70 - -
50 M 36 160/70 - +
21 M 36 150/90 + +
64 M 8 100/70 + +
60 M 33 140/90 + +
45 M 108 120/80 - +
27 M 14 150/90 - +
34 M 54 120/80 + +
45 M 88 110/70 + +
48 M 12 170/110 - +
50 M 13 140/80 + +
35 M 147 100/70 + +
50 M 4 160/100 + +
F: Female + : Present
M: Male - . Absent
No: Number Dur. Dial: Duration of dialysis

B.P.: Blood pressure
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Table II: Continued

Evidence of secondary
No Age Sex Dur. Dial| B.P. hyperparathyroidism
= | (years) (months) (mmHg)|  Clinical Radiological
evidence evidence
23 40 F 1 120/70 - +
24 46 F 1 120/70 - +
25 38 F 72 110/70 + +
26 52 F 83 190/90 + +
27 33 F 172 110/70 + +
28 54 F 21 120/70 + +
29 56 F 9 130/80 + +
30 44 F 9 140/80 - +
31 30 F 118 130/80 + +
I 32 37 F 241 140/90 + +
33 52 E 83 120/80 + +
34 60 F 56 110/70 + +
35 60 F 100 140/80 + +
36 48 F 4 180/80 - +
37 60 F 52 190/100 - +
38 52 F 19 140/80 - +
39 50 F 8 150/90 + +
40 45 F 2 110/70 + +
| 41 55 F 9 130/80 + +
Mean 4536 62.51 1—30—%8-
79.51
+S.D +10.03 +62.46 iMl
10.24
F: Female + : Present
M: Male - . Absent
No: Number Dur. Dial: Duration of dialysis

B.P.: Blood pressure
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Table IIl a: Some biochemical data in the control group:

Serum levels of glucose, creatinine and albumin and activities of

aspartate and alanine aminotransferases (AST & ALT).

Table Il b: Some biochemical data in the haemodialyzed patients’

group:

Serum levels of glucose, creatinine and albumin and serum activities

of aspartate and alanine aminotransferases.

Table 1l c: Statistical differences of the biochemical data between

control group and patients’ group.

Serum creatinine level was significantly higher in the patients’ group

than the corresponding control group.

Serum albumin level was significantly lower in the patients’ group

than the corresponding control group.
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Table Illa: Some biochemical data in the control group

Creatinine ( GA (S)]]:) (é{;% Albumin
"N Unityl, | Unitgr, | 2l
1 108 0.6 20 18 4.7
2 98 0.8 14 15 44
3 100 0.6 22 20 42
4 93 0.5 18 11 42
5 80 0.5 23 8 45
6 93 0.5 29 24 4.1
7 95 0.5 22 35 4.7
8 93 0.8 19 25 43
9 81 0.4 20 1 4.5
10 105 L1 15 11 4.6
¥ 104 0.8 9 8 46
12 101 0.7 38 22 4.7
13 105 0.7 22 39 4.9
14 87 0.7 25 36 4.2
15 99 0.7 30 40 4.1
16 110 0.6 26 20 4.5
17 86 1.0 17 15 4.4
18 67 1.0 22 24 4.4
19 72 0.8 26 24 4.4
20 69 1.3 20 17 40
Mean | 9230 0.73 21.85 21.65 4.42
+SD | +12.94 +0.24
| I E——
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Table IIIb: Some biochemical data in the haemodialyzed patients’ group

No Glucose |Creatinine ( GA(S)11:) (é};% Albumin
mg/dl M UnitsL | Unitsgr, | €W/l
1 71 12.4 29 33 3.7
2 90 147 26 40 4.0
3 116 12.3 1 7 3.9
I 4 79 14.2 34 80 3.9
5 87 11.5 19 14 3.6
6 104 11.0 8 3 3.1
7 83 14.9 15 8 3.9
8 104 18.0 6 9 4.1
9 84 12.5 28 47 3.7
10 82 14.0 13 5 4.0
I 194 12.6 12 19 3.5
12 72 14.6 22 27 42
13 99 12.1 7 6 3.8
14 70 13.5 10 13 37
15 125 12.0 56 80 3.8
16 83 11.0 17 16 4.1
17 97 16.9 16 13 42
18 76 9.0 23 14 4.0
19 103 12.3 9 5 4.0
20 119 7.2 13 31 3.5
20 100 15.8 20 28 3.7
22 123 12.8 9 3.7




No Glucose |Creatinine (é(S)TT‘) (éll;% Albumin
mg/di mg/d| Units’L. | Units, | 8™/
23 114 7.8 8 6 42
24 116 11.9 8 10 3.7
25 86 9.8 72 88 3.7
26 79 12.5 16 14 4.2
27 94 16.8 18 10 43
28 70 14.2 33 50 3.7
29 124 9.2 11 9 3.9
30 99 11.9 12 10 3.8
31 75 9.7 22 24 42
32 67 10.3 14 16 3.8
33 81 10.8 25 18 34
34 87 11.4 10 8 3.8
35 92 93 14 10 33
36 136 5.6 15 24 33
37 95 14.2 8 7 43
38 70 10.3 18 20 3.6
39 74 9.1 22 8 4.0
40 109 10.5 12 9 32
41 96 11.7 14 12 3.7
Mean 95.73 12.01 18.46 20.98 3.81
+ SD +23.87 +2.64 + 12.75 +20.82 +0.30
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Table Illc: Statistical differences of the biochemical data between
control and patients’ groups

Analytes Controls Patients P. value

Glucose (mg/dI)

Mean
£8.D
Creatinine (mg/dl)

Mean
+SD

AST (GOT) (Units/L)

Mean
+S.D

ALT (GPT) (Units/L)
Mean
+8.D

Albumin (gm/dL)

Mean
+S.D

* Statistically significant if p value is < 0.05
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Table IV a: Serum levels of total calcium, ionized calcium,

inorganic phosphate and serum activities of acid and alkaline phosphatases

in the control group.

Table IV b: Serum levels of total calcium, ionized calcium,

inorganic phosphate and serum activities of acid and alkaline phosphatases

in the haemodialyzed patients’ group.

Table IV c: Statistical differences of serum total calcium, ionized
calcium, inorganic phosphate levels, and serum activities of acid and

alkaline phosphatases between control group and haemodialyzed patients’

group.

Total and ionized serum calcium levels were significantly lower in

patients’ group than their corresponding control values.

Serum inorganic phosphate level was significantly higher in patients’

group than their corresponding control values.

Serum acid and alkaline phosphatases activities were significantly

higher in patients’ group than their corresponding control values.
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TableIVa: Serum Ievels of total calcium, ionized calcium,
inorganic phosphate, and serum activities of acid and
alRaline phosphatases in the control group

Total Tonized Inorganic ﬁ
No calcium Calcium Phosphate | phosphatase phosphatase

mg/dI mg/dl mg/dl Units/L Units/L

1 9.9 4.84 3.4 4.1 170
2 8.8 4.70 33 3.2 183
3 8.5 4,53 29 42 237
4 8.9 4.52 42 43 212
5 8.8 4.43 3.4 4.6 239
6 9.5 4.68 3.6 3.8 190
7 9.8 4.64 3.5 4.5 250
8 9.0 522 3.7 4.5 98
9 94 4.87 3.5 4.5 96
10 8.8 4.64 3.0 4.7 121

I 8.9 4.85 3.8 32 189 -
12 9.8 434 2.7 3.4 156
L 13 10.2 435 3.1 3.6 176
14 10.0 4.50 3.8 3.9 269
15 9.9 5.08 4.0 3.6 67
16 92 4.48 3.5 4.2 80
17 9.7 4.89 3.9 4.6 168
18 8.9 5.75 33 3.8 157
19 9.0 5.01 3.0 3.8 131
20 10.0 5.08 3.8 3.7 184

Mean 9.35 4.77 3.47 4.01 168.65

+ SD +0.525 +0.344 +0.395 +0.477 +57.124
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TableIVb: Serum Ilevels of total calcium, ionized calcium, inorganic
phosphate and serum activities of acid and alkaline
phosphatases in the haemodialyzed patients

Total Ionized inorganic Acid Alkaline
No calcium calcium phosphate | phosphatase phosphatase
mg/dl mg/dl mg/dl Units/L Units/L
| 9.8 432 7.1 15.0 1414
2 8.1 3.64 5.6 12.3 2472
3 9.8 4.68 7.2 10.4 698
4 7.4 3.90 5.5 11.4 2144
5 10.4 5.46 7.7 12.2 1100
I ¢ 8.7 4.04 5.8 12.4 1521
7 10.0 436 8.3 12.1 319
8 8.9 3.76 9.0 13.5 377
9 8.6 4.88 4.7 12.1 967
10 8.0 3.79 5.3 12.1 1150
I 6.6 2.52 8.2 11.3 309
12 6.9 3.44 7.7 12.9 534
13 7.7 3.12 7.9 11.3 523
14 10.8 4.90 6.6 10.4 295
15 7.2 3.12 4.9 13.7 1974
16 8.6 491 6.1 12.1 186
17 5.6 2.36 4.9 12.7 796
18 6.7 5.09 5.9 13.8 1437
19 9.3 3.28 7.6 9.3 95
20 10.2 5.17 3.6 17.2 64
21 4.7 1.72 7.5 11.4 653
8.7 8.5
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Table IVb: Continued

Total Ionized inorganic Acid Alkaline
No calcium calcium phosphate | phosphatase | phosphatase
mg/dl mg/dl mg/dl Units/L Units/L
23 12.0 5.59 5.6 8.4 1686
24 8.7 4.74 8.6 9.2 125
25 10.1 4.92 6.9 14.3 1327
206 9.0 3.92 5.8 10.7 2457
27 8.0 3.20 4.9 13.5 848
28 8.7 3.24 7.4 10.6 756
29 10.0 4.04 8.2 11.4 525
30 7.3 4.49 9.7 11.7 166
31 7.9 3.61 4.6 11.3 1191
32 8.8 3.32 9.7 12.7 276
33 7.5 4.50 6.3 9.0 239
34 8.5 3.92 8.1 13.3 274
35 7.2 3.85 3.4 12.0 560
36 8.4 5.15 3.8 8.2 720
37 7.7 3.96 8.8 10.9 235
38 8.7 431 4.9 10.3 468
39 8.4 3.95 7.6 9.4 164
40 9.5 4.52 8.4 8.2 126
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