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Abstract

Bone metastasis is a frequent complication of cancer disease. The metastatic spread of cancer to bone is common to many differ-
ent malignancies, particularly breast (ca. 73%), prostate (ca. 68%) and lung (ca. 36%) cancers. Metastases to bone cause increase
bone resorption both from direct effects of the tumor itself and thought osteoclastic activation. The diagnosis and follow-up of
bone metastatic cancer patients usually relies on skeletal X-ray and bone scintigraphy. However, the development of biochemical
markers, used as indicators of bone metabolism, provides data useful in the clinical practice. The most important markers for
bone remodeling process, bone formation and resorption, are bone-specific alkaline phosphatase (BA€tppaptide of type
I collagen (NTXx), respectively. In this report, we applied two solid-phase immunoassays used for the determination of BAP and
NTx in serum of breast cancer (BC) post-menopausal women with bone metastasis and healthy individuals. BAP level in patients
was found to be 4524+12.92 U/I, while the normal range for healthy individuals was 14.2—-42.7 U/I. The respective level of serum
NTx was 1920+ 8.87 nM bone collagen equivalents (BCE) for patients an8 3.8 nM BCE for healthy women. Correlation
of the obtained data showed elevated levels for both markers indicating high rate of bone degradation in breast metastatic cancer.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction [1]. The majority of these patients die not because of
the tumor in the primary site, but rather because it
Breast cancer (BC) is the most common malignant has spread to other sites. Metastasis is the process by
disorder that affects women. The frequency of this which tumor cells travel from the primary tumor to a
type of cancer is one in 12 women and approximately distant site via the circulatory system and establish a
44,000 women die each year in US from this disease secondary tumor. The process of metastasis is a com-
plex cascade of organised, sequential and interrelated
" Corresponding author. Fax:30-2610-997153. steps, including angiogenesis, local invasion, intrava-
E-mail addressn.k.karamanos@upatras.gr (N.K. Karamanos). Ssation and extravasatid@]. Bone is one of the most
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preferential target sites for cancer metastasis. Breasttains hydroxylysylpyridinoline and lysylpyridinoline
cancer has a predilection for spreading to bone, and crosslinks. Crosslinking occurs between lysine and
bone metastasis is one of the major causes of increasechydroxylysine residues on the nonhelical carboxyter-
morbidity and eventual mortality in breast cancer pa- minal and aminoterminal ends of mature type | col-
tients. Patients with advanced breast cancer almost al-lagen, termed telopeptides, and the helical portions
ways develop bone metastases, and the chances aref an adjacent collagen. This process results in form-
high that, in patients who are originally diagnosed with ing the pyridoline and deoxypyridoline crosslinks,
breast cancer, the bulk of the tumor burden at the time which provide rigidity and strength in the collagen
of death will be in bondg3]. molecule[5].

Bone metabolism is a dynamic and continuous  The follow-up of bone metabolism is very impor-
process, called remodeling cycle, which is normally tant, because it provides information for the rate of
maintained in a tightly coupled balance between re- both formation and resorption and the grade of bone
sorption of old or injured bone and formation of metastasis in cancer patients. There are three available
new bone. Bone mass depends on this crucial bal- diagnostic methods to estimate the metabolic state of
ance. Bone resorption is mediated by the action of bone: bone density, bone biopsy, and measurement of
osteoclasts, derived from fusion of cells of mono- specific biochemical markers. Bone density measure-
cyte lineage, while bone formation is mediated by ments are essential for the diagnosis of osteoporosis
the action of osteoblasts, derived from precursor and biopsies are useful for assessing bone metastases,
blood cells[4]. In pathological states, such as bone but both techniques are painful for the patients and
metabolic diseases including bone metastases, there isannot be used in clinical practice. During the recent
a tuning off this balance and the remodeling process years, there is a prominent effort for the development
becomes uncoupled. The imbalance to the side of of new biochemical markers that can be used as in-
bone resorption, when resorption exceeds formation, dicators of bone metabolism. There are markers for
can result in substantial changes in integrity of bone, both formation and resorption, which are extensively
such as bone loss and, therefore, can lead to osteo-accepted as research tools in clinical studies. The
porosis or to the disordered bone tissue of Pagetic measurement of specific biochemical markers pro-
lesions. vides analytical data regarding of bone metabolism.

There are two basic types of bone in the human Substantially, these biochemical bone markers are
skeleton, cortical and cancellous bone. Cortical bone, products, which are released during the metabolic cy-
accounting for more than 80% of the skeleton, is the cle and can be detected in serum or uffiBle Markers
major component of long bones because it is dense of bone formation assess either osteoblastic synthetic
due to its extended calcification. Cancellous or tra- activity or post-release metabolism of procollagen.
becular bone, comprising the remaining 20% of the These are total and bone-specific alkaline phosphatase
skeleton, shows high metabolic activity due to its (BAP), osteocalcin, a relatively small protein pro-
cancellate surface area. Both types of bone mainly duced by osteoblasts during the mineralization of bone
consist of type | collagen, which comprises over 90% matrix and type | procollage®- and N-propeptides
of the organic bone matrix. Type | collagen is syn- (PICP and PINP, respectively). Resorption markers
thesized by osteoblasts and is derived from a larger reflect osteoclast activity or collagen degradation.
protein termed procollagen I. During the synthesis These are urinary calcium, acid phosphatase, hydrox-
and fibril formation process, large extension peptides, yproline, pyridoline and deoxypyridoline crosslinks
known as propeptides, on both carboxyterminal and and type | collagerC- and N-telopeptides (CTx and
aminoterminal ends of procollagen |, are cleaved by NTX, respectively).
specific proteinases. Structurally, type | collagen has Among these markers, BAP and NTx in serum
a triple helix form and one of the three-chains play an important role for the determination of bone
has a high proportion of the amino acids proline, metabolic state. Alkaline phosphatase is an enzyme
lysine and their hydroxylated residues, hydroxypro- associated with the plasma membrane of cells. Al-
line and hydroxylysine. The major difference bone though it appears to be involved in the transport of
and other tissues collagen is that the first type con- substances from intracellular to extracellular matrix,
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its exact function is still unknown. There are four spe- 2.2. Determination of bone-specific alkaline
cific isoforms of alkaline phosphatase in circulation phosphatase in blood serum
for the following tissues: liver, placental, intestine
and bone. The bone-specific alkaline phosphatase The levels of BAP in serum samples were deter-
isoenzyme, a tetrameric glycoprotein, predominates mined by an enzyme-linked immunosorbent assay
during childhood and adolescence and represents lesgELISA) using a commercially available kit (Mefrd
than 40% of the total serum concentratiof). BAP BAP kit, Metra Biosystems, San Diego, CA, USA).
is produced by osteoblasts during the bone formation All required reagents were supplied with the kit
phase by clipping off the membrane and released and the procedure was carried out according to the
into circulation. It is produced in extremely high manufacturer’s instructions. ELISA was performed
amounts and is, therefore, an excellent indicator of on sterile 96-well round bottomed microplates. Each
bone formation activity. Type | collage¥-telopeptide well contained immobilized monoclonal anti-BAP
fragments (NTx) are released into circulation during 1gG murine antibody. The antibody captures serum
the bone resorption phase by the action of osteo- BAL and the product can be quantified spectrophoto-
clasts as a stable end-product of bone degradation,metrically. In brief the assay steps are the following.
as described befori@,9]. NTx in serum is a specific ~ After the addition of 12wl of assay buffer, con-
biochemical marker of bone tissue breakdown due taining magnesium chloride, zinc sulfate and sodium
to the unique amino acid sequences and orientation azide (0.05%) as a preservative, and applying.R0
of the cross-linkedx-2 (1) N-telopeptide. Other tis-  of the samples to each well (all runs in triplicate), the
sues comprised of type | collagen, e.g. skin, produce mixtures were incubated for 3 h at room temperature.
different fragments during degradation since are not Microplates were washed four times with wash buffer
metabolized by osteoclasts. Measurement of NTx in (250ul per well). The next step was to add 15D
serum reflects the rate of bone resorption and is usedof substrate comprised of paranitrophenol phosphate
as an important indicatda.0]. (PNPP) in 2-amino-2-methyl-1-propanol and to incu-
The aim of this experimental study was to deter- bate for 30 min in order to color development. The
mine, with specific solid phase immunoassays, the lev- reaction was determined with 1IN NaOH and optical
els of BAL and NTx in serum of breast cancer pa- density (OD) was measured at 405nm in Molecular
tients with bone metastasis and in healthy individuals Devices E-max photometer. Calibration and valida-
in order to evaluate whether these specific biochemi- tion of results was performed using the SOFT max
cal markers may be at importance in the detection of PRO software (Version 2.4.1). All quantitative results
breast cancer bone metastasis. for BAP were expressed as units per liter (U/l) where
1 unit represents @mol of pNPP in the substrate
buffer. The used standard BAP levels were 0, 2.0,
2. Material and methods 20.0, 50.0, 80.0 and 140.0 U/L.

2.1. Biologic material 2.3. Determination of NTx in blood serum

The study was carried out in 24 post-menopausal Quantitative determination of NTx in human serum
women. Twelve were breast cancer patients with was also performed by ELISA using the Osteorffark
substantiate bone metastasis (age range 47-63). TheNTx Serum test (Ostex International Inc., Seattle,
inclusion criteria were histologically confirmed breast USA). This assay is a competitive inhibition ELISA
cancer with evidence of bone metastasis. The remain-format in which the NTx antigen, which has been
ing 12 (age range 49-56), used as control group, wereabsorbed to the surface of microtiter plate wells,
healthy individuals. Serum samples were obtained specifically the a-2 chain dfl-telopeptide fragment,
from Metaxas memorial cancer hospital. Sera were is recognized by a horseradish peroxidase labeled
collected the cubical vein using a syringe without monoclonal antibody. After adding 1@0 of each
additives. Serum aliquots were and stored-80°C diluted (1:5) calibrator, control and samples into the
until to be assayed. wells (all runs in rtiplicate) and 100! of antibody
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conjucate diluent (1:101), the plate was incubated
for 90 min at room temperature. The next steps in-
cluded five washes (350 per well) with diluted
(1:101) wash solution, addition of the chromogen
reagent (20@ul per well) and incubation for 30 min.
Finally, the developed blue color in the wells turned
to yellow when added 100l 1 M H>SO, as stopping
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ity (R.S.D. = 3.4%). The low intra- and inter-assay
variations demonstrated that the ELISA for BAP de-
termination has a very high degree of repeatability, re-
producibility and robustness. Calibration graph used
for determination of BAP is given ifrig. 1A

For the Osteomark NTx serum assay, the CVs of the
intra- and inter-assay variations, determined by exam-

reagent. Optical density was measured at 450 nm with ining five serum samples with NTx levels (nM BCE)

a 630 nm reference filter.

which were distributed throughout the assay’s calibra-

The results were analyzed with the same version of tion curve, were 4.6 and 6.9%, respectively. The total
SOFT max PRO software as referred above. The levelsassay precision was estimated by testing two serum
of serum NTx were expressed in nanomoles of bone samples, provided with the kit and used as control

collagen equivalents (BCE) per liter (nM BCE). BCE
are units of immunoreactive NTx standarized in moles
of type | collagen in human bone that on digestion in

NTx levels (9.4nM BCE and 30.0nM BCE, respec-
tively). CVs were 1.2 and 0.9% for the low and high
serum NTx level, respectively. Antigen recovery, rep-

vitro yield the same assay response as immunoreactveresenting the resulted assay values and calculated as

NTx [11]. The used calibrator concentrations of puri-
fied NTx were 0, 5, 10, 20 and 40 nM BCE.

2.4. Statistical analysis
All results are presented as mean valeS.D. A

quadratic calibration curve fit was used for accurate
results in the measurement of BAP levels. Serum NTx

values were analyzed using a four-parameter logis-

tic curve fitting equation. Statistical analysis was per-
formed byt-test. A value ofP = 0.001 was consid-
ered to indicate a statistically significant difference.

3. Results

3.1. Method’s quality parameters for BAP and NTx
determination in blood sera

Each well of the microplate, in the Metra BAP assay,

a percent of the expected serum levels, was 94-105%
across the assay range. Calibration graph used for the
determination of NTx is shown ifig. 1B.

3.2. Application to the analysis of BAP and NTx in
patients’ serum

BAP levels were measured for both groups of
post-menopausal women, patients and healthy con-
trols. Reportedly to the literature, the normal range
for healthy individuals BAP is 14.2—42.7 U/l of serum
with mean value of 25U/I. A statistically significant
increase was observed in the measurement of BAP
levels of patients group. For breast cancer patients
with bone metastasis: (= 12) the level of BAP was
457241292 U/l (Fig. 2A), expressed as mea8.D.,
indicating a significant increase of bone formation
rate due to the high rate of bone resorption.

The determination of serum NTx also showed ele-
vated levels in breast cancer patients. Mean baseline

contains bone-specific alkaline phosphatase antibody.value in healthy individuals is 19+3.8 nM BCE. For

Itis selective and has high affinity for the BAP isoform

and presents low or negligible grade of cross-reactivity
with the other isoforms (liver, intestinal and placen-
tal). The detection limit of this assay, determined as
a signal-to-noise ratio equal to three, was 0.7 U/l. The
intra-variation from well to well in the in the same

ELISA microplate, as calculated by analysis of three
standards with known concentrations, was very low
(R.S.D. = 2.6%). Inter-variations, examined by per-

forming the same immunoassay on different days or
by different analysts, showed excellent reproducibil-

breast cancer patients, NTx level was2(®-8.87 nM
BCE, suggesting high osteoclastic activifid. 2B).

4. Discussion

Bone remodeling is a process underlying normal
and abnormal skeletal metabolism. The building and
degradation processes, bone formation and resorption
respectively, are closely related in healthy conditions
and in many bone diseases, including bone metas-
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Fig. 1. Calibration graphs for BAP (A) and NTx (B). Graph for BAP resulted using a quadratic calibration curve fitting equation
[y=A+Bx+Cx, A =014, B=0.023,C = —2.02x 1075, R2 = 1]. Graph for NTx resulted via a four-parameter logistic curve fitting
equation f = (A — D)/(1+ (x/C)®) + D, A = 2.078, B = 2.133, C = 13.253, D = 1.084, R? = 1].
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Fig. 2. Levels of NTx (A) and BAP (B) in serum samples from breast cancer post-menopausal women with bone matastagjsand
healthy post-menopausal individuals £ 12). Bars indicate the meanS.D.
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tasis from cancer. Since one-third of cancer patients bone metastastic lesions without previous treatment
will develop bone metastases of their primary tumor and from healthy subjects. Increased levels were
[12], the following up of bone metabolism is very cru- found for both analytes indicating higher rate of bone
cial. Technigues such as radiology, bone scans andmetabolism in patients than in controls. High levels
computer-assisted imaging are useful, but they cannotof BAP reflects high rate of bone formation but, this
be performed to evaluate dynamic changes in skele- finding leads to the opposite conclusion, that there
ton metabolisn{13]. Biochemical bone markers are is a high rate of bone resorption and, therefore, os-
considered as excellent indicators for bone formation teoblasts are activated to recover the bone loss ad the
and resorption. These secreted products allow detec-result is high secretion grade of BAP. On the other
tion of rapid changes in the synthesis and degradation hand, high levels of NTx reflects high bone resorption
of the components comprising bone tissue. There is rate, an expected result in patients with bone metasta-
a wide variety of methodologies for the detection of sis. The results of the present study suggest that both
bone metabolism markers but immunoassays, specifi- biochemical markers, BAP and NTx, are useful for
cally solid-phase assays, such as ELISA, using mon- detection of bone metastasis and might be useful for
oclonal antibodies seem to be the most sensitive and monitoring these patients during treatment.

specific. This method also offers the capability of car-
rying out follow-up determinations.

Many investigators have been dealing with this
issue, the determination of several bone markers in
healthy and path(.)lOglcal. Stat(.as' Pleba.m et[&g] [1] K.C. Chu, R.E. Tarone, L.G. Kessler, L.A. Ries, B.F. Hankey,
examined 40 patients with different kinds of ma- B.A. Miller, B.K. Edwards, J. Natl. Cancer Inst. 88 (1996)
lignancies (breast, lung, prostate, Ewing’'s sarcoma) 1571-1579.
who received radiotherapy or chemotherapy and nor- [2] A.C. Woodhouse, R.F. Chuaqui, L.A. Liotta, Cancer 80 (1997)
mal controls. The amount of BAP in patients was . \1(22;1“5?]7'« 1. orthon. Sai 5 (2000) 7561
1184+ 1428 U/l while the respective Ie\./el In con- {4} R.H. Ch}r/iste’nson, Clir?. Biocher('n. 30)(1997) 573-593.
trols was 234 + 12.2 U/l measured by an immunora- [5] D. Fujimoto, T. Morigachi, T. Ishida, H. Hayaxhi, Biochem.
diometric assay with efficiency of 0.80. Frenay et al. Biophys. Res. Commun. 84 (1978) 52-57.

[14] underlined the usefulness of BAP for the predic- [6] R.H. Christenson, K. Panigrahi, J.C. Chapman, L.M.

tion of bone metastasis from breast cancer in 40% of  Silverman, in: L.A. Kaplan, A.J. Pesce (Eds.), Isoenzymes and

cases with lead time of 8.5 months. Berruti et[&5] :\jgfsot:?\s(;g"g'gsll(’cshfﬂsizy lgg‘;f”g;).Alng;fibg;”e'a“o”’

offered another use of markers, i.e. to assess both [7] F. Schiele, J. Henny, J. Hitz, C. Petitclerc, R. Gueguen, G.

tumor burden and extent of bone pain. This investiga- Siest, Clin. Chem. 29 (1983) 634—641.

tion showed that the more skeletal involvement of the [8] B.J. Gertz, P. Shao, D.A. Hanson, Clin. Chem. 9 (1994) 135~

metastatic disease the higher markers’ concentration  142. _ .

(BAP, CTx, deoxypyridoline). For urine or serum NTx [9] P. Ggrnero, WJ Shih, E. Gineyts, D.B. Karpf, P.D. Delmas,
. J. Clin. Endocrinol. Metab. 79 (1994) 1693-1700.

measurements se\(eral Stud.IEﬁ.,l6,17] concluded ~[10] H.N. Rosen, R. Dresner-Pollak, A.C. Moses, Calcif. Tissue

that the concentrations of this marker are elevated in Int. 54 (1994) 26-29.

metastatic cancer patients. These reports also desig{11] J.D. Clemens, M.V. Herrick, F.R. Singer, D.R. Eyre, Clin.

nate that NTx is the most predictive indicator of bone Chem. 43 (1997) 2058-2063.

metastases. [12] R.E. Coleman, R.D. Rubens, Br. J. Cancer 55 (1987) 61-66.

The maiority of the previous studies focused on [13] M. Plebani, D. Bernardi, M. Zaninotto, M. de Paoli, S.
J y p . ; . Secchiero, L. Sciacovelli, Clin. Biochem. 29 (1996) 67-72.

bone metastatic cancer patients treated with biphos-[14] M. Frenay, M. Namer, J.L. Boublil, R. Khater, M. Viot, E.

phonates, adrenolate, estrogen/progestin and with  Francois, G. Milano, Bull. Cancer 75 (1988) 533-539.

other bone metabolic disorders, i.e. Paget's diseasell5] A.Berruti, L. Digliotti, G. Gorzegno, M. Torta, M. Tampellini,

and osteoporosis. In the present report, we exam- M Tucci, Clin. Chem. 45 (1999) 1240-1247.

ined one marker for each process. BAP for bone [16] L.M. Demers, L. Costa, V.M. Chinchilli, L. Gaydos, E. Curley,

_ p S, B A. Lipton, Clin. Chem. 41 (1995) 1489—1494.
formation and NTx for bone resorption, in blood sera [17] p. Gernero, E. Gineyts, P. Arbault, C. Christiansen, P.D.

from post-menopausal women with breast cancer and Delmas, J. Bone Miner. Res. 10 (1995) 641-649.
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