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ENAL OSTEODYSTROPHY generally is
referred to as disorders of bone and mineral

etabolism that affect patients with chronic kidney
isease (CKD). The past 10 to 15 years has seen an
nprecedented explosion in our basic understand-
ng of disorders of mineral metabolism, although
hese advances are only beginning to translate to
mprovements in patient care. On a cellular level,
e now realize that programmed cell death or

poptosis is critical for normal bone remodeling.
he intricacies of cell signaling within the various
one cells, and the interaction of various transcrip-
ion factors to control gene expression, remains an
rea of intense research. Understanding of cell-to-
ell communication also has accelerated our un-
erstanding of normal bone physiology, particu-
arly with the identification of the long sought after
oupling factor, osteoprotegerin/receptor activator
uclear factor kappa B-ligand (RANK-L), which
ppears to be a common pathway by which osteo-
lasts and osteoclasts communicate with each
ther. The critical mechanisms that control cell
ifferentiation including bone morphogenic pro-
eins, core binding factor � 1 (Cbfa1), Indian
edgehog, and Wnt factors help us to understand
hat in some cases it is not how the cell behaves,
ut abnormal signaling as the cell differentiates,
hat can induce pathologic changes. The ability of
his complex machinery to control cell differenti-
tion and phenotype has led to an appreciation that
athologic changes observed in patients may at
imes be owing to phenotypic expression in the
rong places. This may be particularly critical in

he spectrum of abnormalities observed in renal
steodystrophy.
The activation, or repression, of many of these

ewfound pathways often are determined by vari-
us cell receptors and the intricacies of the confor-
ational changes the receptors can undergo. This

as led to an appreciation that systemic hormones

uch as parathyroid hormone may have different

eminars in Nephrology, Vol 24, No 1 (January), 2004: pp 1-2
ffects, depending on the frequency, concentration,
nd to which receptor the hormone binds. Under-
tanding how these hormones are stimulated dif-
erentially (and in the case of CKD perhaps ab-
ormally stimulated) to interact with different
eceptors and induce the conformational changes
esulting in cell signaling remains an area in which
ur knowledge is only just beginning. The cloning
f the calcium-sensing receptor has led to the de-
elopment of new pharmacologic agents that only
ould have been imagined years ago. Clearly the
iverse actions of parathyroid hormone and vita-
in D are at least in part related to these receptor

igand complexities.
Our further understanding of the systemic ef-

ects of these pathways has been expanded further
hrough the use of transgenic animal models. The
nock-in and knock-out animal models have led us
o a greater appreciation of the interrelationship
etween bone and mineral metabolism, and sys-
emic processes such as vascular calcification.
learly, an understanding of the cellular complex-

ties never would have been possible without these
echniques. In addition, these animal models can
rovide important information on the potential sys-
emic effects of therapies aimed at a specific cel-
ular target. Furthermore, these studies have led to
n appreciation that the kidney itself has an impor-
ant regulatory role in normal skeletal homeostasis,
nd that abnormal mineral metabolism can lead to
any extraskeletal manifestations.
Although nature has provided us with a human

ene knock-out or knock-in model to help us un-
erstand the human phenotype of abnormal genes,
hese remain limited at the present time. With the
nal mapping of the human genome it is hopeful

hat many human diseases will become better un-
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LINDBERG AND MOE2
erstood. However, genetic polymorphisms and
ariable penetrance make this search complex.
Unfortunately, despite these advances, we have

ot yet optimized the care of our patients with
enal osteodystrophy and the diverse set of patho-
ogic problems that occur as a result of the os-
eodystrophy. Epidemiologic studies have shown
hat abnormal mineral metabolism, in particular
yperphosphatemia (at levels that once commonly
ere accepted and unfortunately observed), can

ead to increased mortality in addition to morbid-
ty. Clearly our complacency with abnormal serum
evels of the various minerals no longer can be
olerated. Epidemiologic data also have shown a
ery high incidence of hip fracture. There is an
nteraction between the traditional concept of os-
eoporosis as assessed by bone mineral density,
nd abnormal bone remodeling as assessed by
one turnover, and these 2 abnormalities most cer-
ainly interact to produce increased fractures as
ell as other systemic repercussions. The com-
lexities of renal osteodystrophy also are problem-
tic in patients after renal transplant. This is wors-
ned further by the myriad of medications given
osttransplant. Although the kidney and patient
urvival rate posttransplant has improved, we are
ow seeing many long-term survivors suffer from
he morbidity of abnormal skeletal homeostasis.

This great understanding of the basic science
nd its application to human disease have led to a
aradigm shift in our thought process in the man-
gement of bone and mineral metabolism in pa-
ients with chronic kidney disease. An increased
mphasis on controlling serum phosphorus, nor-
alizing (as opposed to increasing) serum calcium,

nd not oversuppressing parathyroid hormone, and
greater appreciation of the potential toxicities of

alcium overload in the development of vascular
alcification form the basis of the newly released

ational Kidney Foundation Kidney/Dialysis Out-
omes Quality Initiative (K/DOQI) Guidelines. In
eeping with the spirit of the K/DOQI, we use the
/DOQI classification of CKD throughout the

ournal: CKD-3 (glomerular filtration rate of 60 to
0 mL/min); CKD-4 (glomerular filtration rate of
0 to 15 mL/min), and CKD-5 (glomerular filtra-
ion rate of � 15 mL/min or on dialysis). As
etailed in these guidelines, there is an expanding
ppreciation that much of our clinical approach to
atients 10 years ago may not have been optimal,
nd that the abnormalities of the skeleton and
ineral metabolism in CKD patients is responsible

or significant extraskeletal morbidity and mortal-
ty. Although disappointing to many of us, this
ealization has led to renewed interest in various
spects of bone and mineral metabolism and how
he improved understanding can change the clini-
al approach to our patients.

In this issue of Seminars in Nephrology we
resent articles describing new physiologic under-
tanding of vitamin D, parathyroid hormone, and
alcium-sensing receptors. Articles describing our
nhanced understanding of the kidney/bone con-
ection, vascular calcification, hypercalcemia of
alignancy, and osteoporosis. The genetic and

hysiologic basis for rickets and urinary mineral
asting syndromes also are presented. Lastly, ar-

icles describing the application of this knowledge
xpansion to the care of patients with CKD and
fter successful renal transplant are presented. We
ope you enjoy this issue of Seminars in Nephrol-
gy. We feel it is but a glimpse of the substantial
ncrease in understanding of the cellular mecha-
isms and resulting systemic implications of opti-
izing mineral metabolism in our CKD patients.

JILL S. LINDBERG MD, FACP
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