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ABSTRACT

Bone metastases often appear in advanced stages of lung cancer. They are the result of modulation of bone metabolism
by tumor cells that migrated into bone microenvironment and degraded bone organic matrix. Measurement of C-termi-
nal telopeptide of type I collagen (ICTP) in the serum of subjects with lung cancer with and without bone metastases and
healthy population is the way to explore bone resorption. In 343 subjects included in this research ICTP level was signifi-
cantly higher in the bone metastasis than other two groups. The existence of pathologic fracture significantly increased
ICTP level. ICTP showed sensitivity of 66.0% in bone metastases at 95.0% specificity in lung cancer stages IA and IB.
ICTP is a good diagnostic marker in detection of bone metastasis of lung cancer. Its level can distinguish lung cancer
with and without bone involvement and can be used as an addition to standard techniques used in diagnostics of bone

metastasis.
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Introduction

Lung cancer frequently develops bone metastases in
advanced stages of disease. At initial diagnosis 16% of
non-small cell lung cancer (NSCLC) and 38% of small cell
lung cancer (SCLC) patients present with bone meta-
stasis!. At the time of death, the majority of patients
have bone metastases?.

Lung cancer metastases to bone are predominantly
osteolytic. Osteolysis results from the increased number
and activity of osteoclasts in bone remodeling process.

Once caught in the bone marrow vasculature, tumor
cells adhere to endothelial cells, and extravasate to bone
microenvironment?, The attachment to bone matrix is
facilitated by bone sialoprotein (BSP), often overexpres-
sed in lung cancer cells*”. It is assumed that tumor cells
bind to BSP through the integrin o3 expressed on their
surface whilst glutamate-rich regions of BSP attach to
crystals of hydroxyapatite®.

In the bone microenvironment tumor cells secrete
parathyroid hormone-related peptide (PTHrP) which sha-
res 70% homology with parathyroid hormone (PTH) and
has similar biologic function binding to PTH/PTHrP
receptors®12. PTHrP stimulates the production of recep-
tor activator of nuclear factor-«B ligand (RANKL) on the
surface of stromal cells and osteoblasts. RANKL then
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binds to receptor activator of nuclear factor-xkB (RANK)
on osteoclast progenitors. Activation of transcription fac-
tors AP1 and NF-«B in osteoclast progenitors leads to
their differentiation!s.

Simultaneously, PTHrP binds to PTH/PTHrP recep-
tors in kidneys and stimulates the tubular resorption of
calcium what causes hypercalcaemia which is one of the
typical traits of bone metastasis!.

Degradation of bone matrix which is rich with growth
factors causes their release into the bone microenviron-
ment. The release of TGF-B subsequently induces the sig-
nal transduction of Smad proteins!®17. This process sti-
mulates the proliferation of tumor cells and their produc-
tion of PTHrP which closes the »vicious circle« of the
osteolytic bone metastasis.

In optimal pH from 4,7 to 6,8 cathepsin K from osteo-
clasts can cleave collagen fibers on several sites on triple
helix, but primarily on telopeptide region generating
fragments from 70 to 80 kDa'®2°, Its concentration in os-
teoclasts is the highest relative to cathepsins S, L. and
B2

Osteoclasts strongly express matrix-metalloproteina-
se 9 (MMP-9) which is beside MMP-2 an enzyme that has
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an ability to cleave denaturated collagen type I between
residues 775 and 776 thus generating N and C-terminal
fragments in optimally neutral pH!?>24 The positive
correlation between serum levels of MMP-9 and ICTP
has been proven by Ylisirnié et al.?.

Normally, the pH value in subosteoclastic resorption
zone ranges from 3.5 and 4.5, but it is hypothesized that
the buffer activity of dissolved salts from the bone (Ca2*
and PO,*) shifts the pH value towards the neutral!®20,

The C-terminal telopeptide of type I collagen (ICTP)
is found only in C-terminal part of the mature collagen
type I in which the crosslinks between fibrils have been
formed. Since the 90% of bone organic matrix is com-
posed of collagen type I that makes ICTP good potential
marker of bone resorption process.

Increased ICTP levels can be found in bone metasta-
ses of breast, prostate, lung cancer and other malig-
nancies?®2’, ICTP levels can discriminate lung cancer
with and without bone metastasis?6. Also, ICTP level re-
flects the extent of skeletal involvement and the associ-
ated bone pain?%?7, It has been proven to be a good prog-
nostic marker in lung cancer elevated level implying
higher risk of death than those below cut-off value?s.

The aim of this study is to investigate the level of
ICTP in lung cancer with proven bone metastases, lung
cancer in stage IA or IB prior to surgery and phenotypic
healthy individuals, and to test the differences in ICTP
level between studied groups.

The clinical application of ICTP depends on popula-
tion characteristics, patient medical history, sample size

TABLE 1
CHARACTERISTICS OF THE STUDY POPULATION

Patients with bone Patients in stage Phenotypic healthy

metastasis TIA/IB individuals
Number 144 99 100
Male 101 74 31
Gender
Female 43 25 69
Age 64.0+10.2 62.8+9.9 46.6+12.4
Adenocarcinoma 60 27 -
Squamous cell carcinoma 38 46 -
Small cell lung cancer 12 2 -
Histological type of Adenosquamous or other mixed types of 10 3
lung cancer non-small cell lung cancer
Large cell carcinoma 7 -
Carcinoids 1 11
Other (other mixed types, non-differentiated) 20 3 -
IA - 16 -
Stage
1B 83
. Present 19 - -
Pathologic fracture
Not present 125 - -
Months after initial diagnosis of lung cancer 0-84.0+13.0 - -
1 104 - -
2 17 - -
Number of affected
L 3 12 - -
metastatic sites
4 7 - -
5 and more - -
Rib 69 - -
Vertebra 64 - -
Pelvis 20 - -
Femur 18 - -
Location of bone Scapula 14 - -
metastasis Humerus 10 — -
Calvarial bones 8 - -
Sternum 5 - -
Clavicle - -
Other 15
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included in research, sampling time in relation to other
diagnostic invasive procedures, and clinically defined
control groups that are expected to have a different dy-
namics of ICTP level than the healthy population.

Subject selection

Samples from 144 lung cancer patients with bone me-
tastasis were obtained at the time of the first evidence of
osteolytic lesions proven by scinthigraphy and x-ray scans,
before treatment of bone metastases by irradiation and
biphosphonates.

Second group is consisted of 99 lung cancer patients
who underwent surgical treatment (lobectomy or pneu-
monectomy). Samples were collected at the time of diag-
nosis prior to surgery, and patient selection has been
made according to the pathologic diagnosis made after
surgical treatment, so only the patients in stage IA or IB
were selected in order to be positive there was no disease
spreading outside the thoracic wall.

Third group is composed of 100 healthy individuals
who had no visible symptoms of any disease nor had
knowledge about any disease or disorder.

Marker assay

Blood samples were collected by standard venipun-
cture into sterile tubes containing clot activator. After
centrifugation sera were stored at —20°C until analysis.

ICTP measurement was done using commercially
available immunoassay Uniq ICTP EIA (Orion Diag-
nostica, Finland), according to the manufacturer’s in-
structions. ICTP concentration is given in pg/L.

Statistical analysis

Differences between groups were tested by Mann-
-Whitney U-test or Kruskal-Wallis ANOVA on Statistica
7.1 software package (Statsoft, USA). ROC curves were
calculated using Analyse-it 1.73 (Analyse-it Software,
UK).

P-value below 0.05 was considered significant.

Results

The characteristics of 343 subjects enrolled in the
study are presented in Table 1.

Highest median ICTP levels are seen in lung cancer
patients with bone metastasis (Table 2).

Comparison between groups revealed significant dif-
ferences between the bone metastasis population and
other two groups (Figure 1). Also, significant differences
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Fig. 1. Comparison of ICTP levels between groups. BM=patients
with bone metastasis, IA/IB=patients in stage IA or IB, PHP=
phenotypic healthy population.

have been found between the population of patients in
stage IA and IB and phenotypic healthy individuals, but
not to the extent as in comparison with bone metastasis
patients.
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Fig. 2. a) Comparison in ICTP level among various histological
types of lung cancer with bone metastasis; b) Differences in ICTP
level between patients without and with pathologic fracture.
NS=non-significant, AD=adenocarcinoma, SQC=squamous cell
carcinoma, LCC=large cell carcinoma, Other NSCLC= adeno-
squamous and other mixed types of non-small cell lung cancer,
C=carcinoid, SCLC=small cell lung cancer.

TABLE 2
SERUM LEVEL OF ICTP IN THREE GROUPS OF STUDIED POPULATION

Patients with bone metastasis

Patients in stage IA/IB Healthy individuals

Median ICTP (ug/L) 12.0

Inter-quartile range 9.1-20.5

5.8 4.3
4.7-7.2 3.2-5.5
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Fig. 3. ROC curve for discrimination of bone metastasis from

stage IA/IB lung cancer. AUC=0.891, 95% CI of AUC=0.851 to
0.931, p<0.0001; 0=ICTP

The comparison of ICTP levels according to the his-
tological type of lung cancer in bone metastasis group did
not reveal any significant correlation (Figure 2a). On the
contrary, Mann-Whitney U-test showed significant dif-
ferences in ICTP level between subjects with and with-
out pathologic fracture as a result of bone metastasis
(Figure 2b). Obtained median ICTP value in patients
without the fracture is 11.7 pg/Li and with pathologic
fracture 20.1 pg/L.

Furthermore, ROC curve is constructed using two
datasets; truly positive=patients with proven bone me-
tastasis, and truly negative=lung cancer stage IA or IB
(Figure 3).

The cut-off value of 9.9 ng/L is selected from the ROC
curve which corresponds to 66.0% of sensitivity and
95.0% of specificity. That gives positive predictive value
of 95.0% and negative predictive value of 65.7%.

Discussion

The results obtained in this research show signifi-
cantly higher ICTP values in lung cancer with bone me-
tastasis than in lung cancer in stages IA and IB and
phenotypic healthy population. This confirms the mech-
anism of osteolyis in lung cancer bone metastasis result-
ing predominantly from the increased osteoclast matura-
tion and activation and subsequent bone organic matrix
degradation!®2?5, The median ICTP value in patients in
stage IA and IB is closer to the one measured in healthy
population suggesting the absence of increased bone re-
sorption in the early stages of lung cancer.
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All three groups compared together showed signifi-
cant differences between lung cancer with bone meta-
stases and other two groups. Such differences have been
previously found in breast, lung and prostate cancer with
and without bone metastasis?$?%-30, The ability of ICTP
to discriminate between lung cancer with and without
bone metastasis suggests its use as a potential marker of
bone collagen degradation in the advanced stages of lung
cancer where there is suspicion about bone involvement
based on symptoms and available imaging techniques.

The difference in ICTP levels between lung cancer of
stage IA and IB and phenotypic healthy population can
be explained by the destruction of extracellular matrix
surrounding primary lung tumor. Although not as high
as the ones obtained by the comparison with the bone
metastasis group these differences suggest a certain level
of degradation of collagen fibers in the epithelial tissue
and stroma built from the helical units of collagens I and
I3, These results have been previously described in
lung cancer?.

The histological type of lung cancer with bone metas-
tasis did not significantly influence ICTP levels as the
mechanism of osteoclast activation being common to all
predominantly osteolytic bone metastasis.

The existence of pathologic fracture influenced signif-
icantly the ICTP level being higher than in bone metas-
tasis without fracture. These results confirm that the in-
crease in serum level of ICTP is mainly a consequence of
tumor involvement of the bone organic matrix that is
more advanced in patients who have pathologic frac-
tures.

ROC curve revealed very good AUC and ratio of sensi-
tivity and specificity. The high sensitivity in bone metas-
tasis makes ICTP good diagnostic marker as an addi-
tional tool to standard diagnostic techniques. ICTP can
be primarily used in monitoring of lung cancer patients
with the suspicion, increased risk or already present
bone metastasis because its level reflects bone resorption
resulting from modulation of bone metabolism by tumor
cells.

Conclusion

This research showed that ICTP is good diagnostic
tool that can detect bone metastasis of lung cancer with
high sensitivity. Also, it can be used to distinguish lung
cancer with and without bone metastasis. These results
suggest its application as a complement to standard diag-
nostic techniques in diagnosis and monitoring of the ad-
vanced lung cancer with high risk of bone involvement or
already present bone metastasis.

3. DE BRUYN PPH, Semin Hematology, 18 (1981) 179. — 4. BELLAH-
CENE A, MERVILLE MP, CASTRONOVO V, Cancer Res, 54 (1994) 2823.
— 5. BELLAHCENE A, KROLL M, LIEBENS E CASTRONOVO V4J, Bo-
ne Miner Res, 11 (1996) 665. — 6. BIANCO P, FISHER LW, YOUNG MF,



A. Franjevi¢ et al.: ICTP in Bone Metastases of Lung Cancer, Coll. Antropol. 35 (2011) 1: 43-47

TERMINE JD, GEHRON ROBEY P, Calcif Tissue Int, 49 (1991) 421. —
7.TU Q, ZHANG J, FIX A, BREWER E, LI Y-B, ZHANG Z, CHEN J, J Cell
Physiol, 218 (2009) 135. — 8. ROSOL TJ, J Bone Miner Res, 15 (2000)
844. — 9. ABOU-SAMRA A, JUPPNER H, FORCE T, FREEMAN MW,
KONG X, SCHIPANI E, URENA B, RICHARDS J, BONVENTRE JV,
POTTS JT, Proc Natl Acad Sci USA, 89 (1992) 2732. — 10. HORIUCHI
N, CAULFIELD M, FISHER JE, GOLDMAN M, McKEE R, REAGAN, J,
LEVY JJ, NUTT RF, RODAN SB, SCHOFIELD TL, Science, 238 (1987)
1566. — 11. KEMP BE, MOSELEY JM, RODDA CPE, EBELING PR,
WETTENHALL RE, STAPLETON D, DIEFENBACH-JAGGER H, URE
F, MICHELANGELI VE SIMMONS HA, Science, 238 (1987) 1568. — 12.
SUVA LJ, WINSLOW GA, WETTENHALL RE, HAMMONDS RG, MO-
SELEY JM, DIEFFENBACH-JAGGER H, RODDA CE, KEMP BE, RO-
DRIGUEZ H, CHEN EY, Science, 237 (1987) 893. — 13. MUNDY GR, Na-
ture Reviews, Cancer, 2 (2002) 584. — 14. BURTIS WJ, BADY TF, ORLOFF
JJ, ERSBAK JB, WARRELL RP, OLSON BR, WU TL, MITNICK ME,
BROADUS AE, STEWART AF, N Engl J Med, 322 (1990) 1106. — 15.
PFEILSCHIFTER J, MUNDY GR, Proc Natl Acad Sci USA, 84 (1987)
2024. — 16. MASSAGUE J, Annu Rev Biochem, 67 (1998) 753. — 17.
ZHANG Y, DERYNCK R, Trends Cell Biol, 9 (1999) 274. — 18. BROMME
D, OKAMOTO K, WANG BB, BIROC S, J Biol Chem, 271 (1996) 2126. —
19. GARNERO P, BOREL O, BYRJALSEN I, FERRERAS M, DRAKE FH,
McQUENEY MS, FOGED NT, DELMAS PD, DELAISSE J-M, J Biol Chem,
273 (1998) 32347. — 20. SILVER IA, MURRILLS RJ, ETHERINGTON
DJ, Exp Cell Res, 175 (1988) 266. — 21. DRAKE FH, DODDS RA, JAMES

A. Franjevié¢

1IE, CONNOR JR, DEBOUCK C, RICHARDSON S, LEE-RYKACZEWSKI
E, COLEMAN L, RIEMAN D, BARTHLOW R, HASTINGS G, GOWEN
M, J Biol Chem, 271 (1996) 12511. — 22. MURPHY G, McALPINE CG,
POLL CT, REYNOLDS JJ, Biochim Biophys Acta, 831 (1985) 49. — 23.
TEZUKA K, NEMOTO K, TEZUKA Y, SATO T, IKEDA Y, KOBORI M,
KAMASHIMA H, EGUCHI H, HAKEDA Y, KUMEGAWA M, J Biol
Chem, 269 (1994) 15006. — 24. WILHELM SM, COLLIER IE, MARMER
BL, EISEN AZ, GRANT GA, GOLDBERG GI, J Biol Chem, 264 (1989)
17213. — 25. YLISIRNIO S, HOYHTYA M, MAKITARO R, PAAKKO P,
RISTELI J, KINNULA VL, TURPEENNIEMI-HUJANEN T, JUKKOLA
A, Clin Cancer Res, 7 (2001) 1633. — 26. LEEMING DJ, KOIZUMI M,
BYRJALSEN I, LI B, QVIST B, TAN KO L, Cancer Epidemiol Biomarkers
Prev, 15 (2006) 32. — 27. BERRUTI A, DOGLIOTTI L, GORZEGNO G,
TORTA M, TAMPELLINI M, TUCCI M, CERUTTI S, MOSCA FREZET
M, STIVANELLO M, SACCHETTO G, ANGELI A, Clin Chem, 45 (1999)
1240. — 28. KATAOKA A, YUASA T, KAGEYAMA S, TSUCHIYA N, HA-
BUCHI T, IWAKI H, NARITA M, OKADA Y, YOSHIKI T, Clin Oncol, 18
(2006) 480. — 29. HORIGUCHI T, TACHIKAWA S, KONDO R, HIROSE
M, TERUYA S, ISHIBASHI A, BANNO K, Jpn J Clin Oncol, 30 (2000)
174. — 30. KIUCHI K, ISHIKAWA T, HAMAGUCHI Y, MOMIYAMA N,
HASEGAWA S, ISHIYAMA A, KONO T, DOI T, CHISHIMA T, SHIMADA
H, Oncol Rep, 9 (2002) 595. — 31. STREULI C, Cell-matrix adhesion,
cell-cell interactions, and malignancy. In: PELENGARIS S, KHAN M (Eds)
The molecular biology of cancer (Blackwell Publishing, Oxford, 2006).

University of Zagreb, Zagreb University Hospital Center, Department for Clinical Application of Lung Tumor Markers,
»dordanovac« Clinic for Pulmonary Diseases, Jordanovac 104, 10000 Zagreb, Croatia

e-mail: ana.franjevic@zg.t-com.hr

ICTP KOD KOSTANIH METASTAZA RAKA PLUCA

SAZETAK

Kostane metastaze ¢esto su prisutne u uznapredovanim stadijima raka pluéa. One su rezultat modulacije koStanog
metabolizma od strane tumorskih stanica koje su migrirale u kostanu mikrookolinu i degradirale kostani organski
matriks. Mjerenje C-terminalnog telopeptida kolagena tipa I (ICTP) u serumu ispitanika sa i bez kostanih metastaza,
te zdravoj populaciji, nacin je na koji je moguce ispitati koStanu resorpciju. Kod 343 ispitanika obuhvacenih istra-
zivanjem razina ICTP-a bila je znac¢ajno visa kod kostanih metastaza, nego kod preostale dvije grupe. Postojanje pato-
loske frakture znacajno je utjecalo na poveéanje razine ICTP-a. ICTP je pokazao senzitivnost od 66,0% kod kostanih
metastaza koja odgovara 95,0%-tnoj specifiénosti kod raka pluéa stadija IA i IB. ICTP je dobar dijagnosticki biljeg za
detekciju kostanih metastaza raka pluéa. Njegovom razinom moguce je razlikovati rak pluéa sa i bez zahvaéenosti
kostiju, te se moze koristiti kao dodatak standardnim tehnikama dijagnostike kostanih metastaza.
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