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Combined examination of serum cross-linked N-telopeptides of type I collagen
and bone sialoprotein in detection of bone metastasis of breast cancer and lung
cancer

WANG Wei, WANG Ya-jie", FU Qiang ( Department of Oncology, Changhai Hospital, Second Military Medical
University, Shanghai 200433, China )

[ Abstract] Objective: To study the clinical significance of examining serum pyridinoline cross-linked N-telopeptides of
type I collagen ( NTx ) and serum bone sialoprotein ( BSP ) in diagnosing bone metastasis of lung cancer and breast
cancer. Methods: A total of 105 patients treated in the Oncology Department of Changhai Hospital were included in this
study. Patients were divided into 2 groups: bone metastasis ( n =50 ) and non-bone metastasis groups ( n =55 ). The lev-
els of serum NTx and serum BSP were measured by ELISA. Results: The levels of serum NTx and serum BSP in patients
with bone metastasis were significantly higher than in those without bone metastasis ( P <0.01 ). The sensitivity and spe-
cificity of serum NTx in the diagnosis of bone metastasis were 90.0% and 67.3% , respectively; the sensitivity and speci-
ficity of serum BSP were 84.0% and 70.9% , respectively. Thirty-two patients with bone metastases had skeletal related
events ( SRE ) and they also had significantly higher levels of serum NTx ( P <0.05 ). During the follow-up, 21 patients
were diagnosed with new-onset of bone metastasis. COX anlysis showed that the relative risk ratio for bone metastasis of
higher serum NTx level was 1. 127. Further analysis showed that serum BSP was the only risk factor for patients with
breast cancer to develop bone metastasis ( P <0.01 ), with the relative risk ratio being 1. 058. During the follow-up 33
patients died. The cumulative survival rate of patients with higher serum BSP was lower than that with normal serum BSP
level. Conclusion: The serum NTx and BSP were important biomarkers for diagnosis of bone metastasis. The two markers
can be regarded as risk factors for bone metastasis. BSP might be an independent factor for predicting the prognosis of lung
and breast cancer.
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Tab.1  Serum levels of bone metastasis ( MT ) markers in the bone MT and non-bone MT groups
Group n NTx( ¢;/nmol * L™" ) BSP(p,/ng - ml™") ALP(z/U - L7") CEA(p,/ng * ml™")
Bone MT 50 24.06 £10.67" " 39.68 +21.06" " 152.12 £229.84" 66.60 +174.10
No bone MT 55 13.16 £9.52 25.37 £17.93 88.20 £35.55 63.31 £107.35

*P<0.05,""P<0.01 vs no bone MT

F2 MBEEURICHNBERBHREENRRE

Tab.2  Sensitivity and specificity of bone metastasis markers
NTx BSP ALP CEA
Group
Normal  High Normal  High Normal ~ High Normal ~ High

Bone MT( n ) 5 45 8 42 24 26 22 28
No bone MT( n ) 37 18 39 16 38 17 32 23
Sensitivity( % ) 90.0 84.0 52.0 56.0
Specificity( % ) 67.3 70.9 64.2 58.2

®3 BEMBEEMEELERMOLEER n=105,xx5)

Tab.3  Comparison of bone metastasis markers among the 4 groups
Group NTx( ¢/nmol + L™')  BSP(p,/ng * ml™" ) ALP(zU - L7") CEA( py/ng * ml™")
Bone MT only 17.97 £10.66 " 32.77 £21.56" 86.18 +19.81 47.72 £56.10
With other MT 25.78 £10.15° 41.62 +£21.95° 170.72 £257. 684 76.24 £194.48
Other MT only 11.57 £9.82 15.25£7.18 98.26 £76.79 53.07 £133.09
No MT 9.27 +7.74 7.48 £9.48 71.90 £25.33 2.09 +1.65%

* P <0.05 vs other MT or no MT;* P <0.05 vs bone MT only or other MT only or no MT;
4P <0.05 vs bone MT only or with other MT or other MT only

2.4  fniE NTx.BSP K- 278 4645 64 0 4E A

X} 55 IR R IE 5% B ERED 6 ~13 ™ H %
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AR XA R R P <0.05), HAX G 66 R
1.058( 95% A {5 X [6] 2 1.002 ~ 1. 118 ), Il 7% BSP

S 0L P R 0 % e AR I T
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*4 BHRLSRE ZEFBEME NTx KFHLLE( n=50,x +5,c,/nmol - L")
Tab.4 Comparison of serum NTx levels between the SRE and no SRE groups

Group Fracture Radiotherapy Surgery Spinal compress Total
SRE 27.06 £10.20"*  22.83 +10. 89 21.09 £8.12 23.60 £14.10  26.79 +10.93*
No SRE 16.07 £9.52 19.37 £10.93 18.20 £7.55 23.31 £9.35 19.21 +£8.44

"P<0.05,""P<0.01 vs No SRE

x5 IBREBEMEEXARERE )
Tab.5 Pathologic characteristics related

progrosis in breast cancer

ER positive PR positive C-erbB-2  Axillary LN
25% 5%
<25% >50% <25% >50% Neg Pos Neg Pos
~ o ~ o
19 15 7 18 10 13 29 12 7 34

2.5 i NTx.BSP K-F5 & HFEH % %

RE T 33 B SET S, Hodr i 28 i, L
JiR9EE 5 ), BRI NTx Fl BSP 7K 5558 Rl 56
R 6, L5HRAIR, BlEE WL A [A] 2E 4 i 98 £ 3
T BSP 3 & 415 BBV E A BERZL T BSP
EHH, FEEZ(P<0.05, K1), 73R ERE
MY BSP 14 /&5 20 (1) 22 A A A7 i W] i AIK T BSP
IEFACP <0.05, & 2 ), 1L NTx 34 /& 41 F E
B4 2 0] SRR A AR A il AN LRI 3 T G i

Fo6 MEMZLIRESEEME NTx,
BSP 7K ESREHEIR LRI X R
Tab.6 Relationship between serum levels of NTx,
BSP and mortality during the follow-up
Death NTx BSP
Group Case
(n) Normal  High Normal  High
Breast cancer 41 5 1716 4/25 0/21 5/20
Lung cancer 64 28 4724 24/40 7/27  21/37
3 it i

WFoE 2B, N Y 90% ¥ i iR i, R
T T 2 E R B 200 i VR S B o R v R A b B 2
B ONTx, T % J5t #R Jk K it BK ( pyridinoline cross-

linked carboxyterminal telopeptide of type I collagen,
ICTP ) 1 T 2Y Jigg i 3R Ak v 2K R( cro -linked C-te-
lopeptide of type I collagen, CTx ), EAIIAZAXE M
PEHESRE o XA B I R A A
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patients with lung cancer

oy —————
_. 80 st
e 000 e
=
]
=
i BSP=24 ng/ml
Z 40} S
k. - - -~ BSP=24 ng/ml

20

0.0F

25 5 7.5 10 12.5

Survival time (#/month)

B2 15 BSPAKFEIRBEEFRNTM
Fig.2 Effect of serum BSP level on survival rate of

patients with breast cancer



- 482 -

rf [ s A AT 27,2008 4E 10 H,15(5)

AR P A2 22890 Bl 6 97 ROR F o i g
fIFEHR . Demers 25 ° izl Z-score X4 [ 19 11y
D50 ATV e 9 8 5 PR Nl 40 Ik IE PRR( dehy-
dropyridinoline , DPD ), i 5 i 480 Mk B Mk ( pyridino-
line, D-pyd )FIL ICTP X 12 Wi %5 B 14 9 A2 1 2 5,
G NOR NTx 55 He M0 i AH SR fe b, 7E X
SE BRI A RS RN, B R NTx
KV AT FH A T 0 375 -1 A 78 £8 3 1 B i R R E
PRt & BT fE . AL 2 by
1250 5L R SRE R A B A A% sl L s B RN AR
BUHLRL JB T (RS NI NTx A, M08 NTx e 5
IERAA 2 5 D) BB B A e 1 R ] 139
d B TR 220 d( P =0. 0006 ). A5
W B R AR I NTx KB & T 08 5%
B LW RAEE R 90% , R SR 67.3% o RIK
JIE 5 SRR AR BN R S R R AT, IR S Tl i
NTx JEFIWr A TC B R A 1R br . B LR B
KM SRE # ML NTx /KF-B] 4%, #2718 NTx K-
TEFI BB BT W i B R PR B B TEREDS
BN, T B BB E PREA 21 G E 2R
WO LB . Zat Cox LU Bl H A1 40
0T, I NTx ZKF & T IER AR, B %%
ARSI T 12.7% o $27- K  IiLTE NTx 7] 7E52
1B AT R i R B BUR , D B RS W B e R
LA BN E G R FIEEHEA (1) R
B O R A R i R o i B A 4 e
B H FiR I T Be Jo g At B 0 B e R s (2 ) b
9 3 e A 7 0 R 4 P R] I i - 4
T T e A RS

BSP J2& 4 i AP 3 5T () — ol i B B I Ak A L
AR A 1, 2 b 0 20 e R A D B
AHOCH A B R A B . H AT 58 Al AR
T i % BSP 75 b8 B 5 B8 b i /R ML, — 7 1
BSP 3 58 G 2 IR I S8 I 1 A A i g 44
WL RGBS, 55— 5 TH BSP 5 i I8 240 a0k okt A
PEWTIRAT I ) Zhang %5 > F IR RO 2 S B
AL sh AR, 2 B BSP i i R A REfE i MDA-232
FLIR I AN B A% A0 BSP 19 35 UL BE 40 i HL
B ., Waltregny ST A T L S T 5 A
BF T A IR 1 BSP K, R NI
() BSP 7K1 ik T H He K. LA EBFSE H kS
T BSP 5 b DL S e R A DGR, SR T
BSP 119 {1 22 1A it 4% 7% 4 LA ) 2 067 TR A IS . A
W ILTE BSP K75 B 5 #4070 5 %%
B, W BB REE R 84. 0%, ¥ 5 E N

70.9% o (A BHEBAMET G I HADTA LR A 1)
ML BSP /K-F-44 1 T IO B 4 M SN RO 21, T A
HABTROL AL 20 Z R B KW e ge i 22 5 . B
FEIESE T2 B K AL BSP 7K SF- BE A8 1 i 4
SRR E , %12 WA 0 L 8 1 e R A A o
P18 SR AHURE R o) 1

LAERF 24278 BSP Rk 5 TUS A %o Diel '
TS 388 i Ji kM LA SR LY BSP BIE
HE RE TR E] 20 S H, R IAE 19 1t 3B R 1)
BE T BIRRT I BSP (A3 &, WA R
Pl J 3 L BSP (o4 . ] 22 o a1 H 43 A
Je R B, M3 BSP Al A 2 52 Ak 7 T 7L g
R 4a (P <0. 01, M fE I BE N 94% )o Jung
AP 117 (LTS B 10 R v R bR
WIHIBF 5 % B, BSP NTx  ALP 8 7 200 i 4 1) [
( osteoprotegerin, OPG ), T AR Jit N-ZK 3t Hif Ik( N-
terminal propeptide of type [ procollagen, PINP ) 3
TP 1 R 2 ME W5 PR i ( tartrateresistantacidphosphatase ,
TRAP )TEFEA B 56 7% (1 85 b B b, o (Uf
OPG I BSP & 7 (i U TS 45 . Papotti '
I FH g2 2 AL 7 A I 1 86 51l /)N A4t i i KB
[ 42 BSP &3k, Foh JoHe AR A7 30 0, tEAT
e 30 1), A HABTROLFE 7% 26 4], 73 e B
BSP B mi s 5 B H B LR BE (P <O.
01 ), Rl /R TR 822 . AWF5EHh, dlid Cox
JRISE 0] D= A6 0 73, 7 FLII R J8 5 o, LY BSP K
VT b R ME— RN B R R R AT S R R G R D R
RN GBS BE Ay 1. 058, [RIBF, 3 43 Log-rank £ 5 43
Br AL P, it s A0 7L R 88 A8 P Il s BSP 1
e ) RBUVE AR R B AR T ML BSP IEH 4, 7
JE B FIAAIESE BSP AR BUR H TR B X

AT FE 1 T 191 Kk AL € ) 1] 1) BIR A, R AT
H ML BSP 7K - L g e PR A <7 990 3R AH O
PEMYSERELERE, 5 % ER PR . C-erB-2 RIS ik 2
BERER Z IR TCGE TG . ARk — 2Dy AR
i IE R BE T TR 90T 2R G fE B R R R
BSP FIBF# 73  HL BRI B &R, B AR B
R 7 T A8 bR 07 RS T

[ % X ]

[1] Demers LM. Bone markers in the management of patients with
skeletal metastases| J ]. Cancer, 2003,97( 3 Suppl ) :874-879.

[2] Clines GA, Guise TA. Hypercalcaemia of malignancy and basic
research on mechanisms responsible for osteolytic and osteoblastic
metastasis to bone J ]. Endocr Relat Cancer, 2005,12( 3 ):549-
583.



T % BRI NTS B BSP A LIRAEA A 015 X a5

[3] Detry C, Waltregny D, Quartresooz P, et al. Detection of bone
sialoprotein in human ( pre )neoplastic lesions of the uterine cervix
[ J]. Calcif Tissue Int, 2003,73( 1 ):9-14.

[4] Bellahcéne A, Merville MP, Castronovo V. Expression of bone
sialoprotein, a bone matrix protein, in human breast cancer| J ].
Cancer Res, 1994,54( 11 ):2823-2826.

[5] Zhang JH, Tang J,Wang J, et al. Over-expression of bone sialo-
protein enhances bone metastasis of human breast cancer cells in a
mouse modell J ]. Int J Oncol, 2003,23( 4 ): 1043-1048.

[6] Zhang JH, Wang J,Tang J,et al. Bone sialoprotein promotes bone
metastasis of a non-bone-seeking clone of human breast cancer
cells [ ] ]. Anticancer Res, 2004 ,24( 3a): 1361-1368.

[7] Waltregny D, Bellahcene A, de Leval X, et al. Increased expres-
sion of bone sialoprotein in bone metastases compared with vesver-
al metastases in human breast and prostate cancers [ J ]. J Bone
Miner Res,2000,15( 5 ):834-843.

[ 8] Beke D, Kudlacek S, Meran JG. Clinical relevance of biomarkers
in cancer related bone disease[ J |. Wien Med Wochenschr, 2007 ,
157( 15-16 ): 375-380.

[9] Demers LM, Costa L, Lipton A. Biochemical markers and skeletal
metastases| J ]. Clin Orthop Relat Res, 2003, ( 415 Suppl ):
S138-S147.

[ 10 ] Jae Ho Chung, Moo Suk Park, Young Sam Kim, et al. Usefulness
of bone metabolic markers in the diagnosis of bone metastasis from
lung cancef J ]. Yonsei Med J, 2005, 46( 3 ). 388-393.

[ 11 ] Ali SM, Demers LM, Leitzel K, et al. Baseline serum NTx levels

TEVERVERETEREREREVERERETERERERETERERETELERERUETERERETERERERUETERERERERERERERE LA LRl vl vl ve v

( 4555 478 3T )

soluble NH2-terminal fragment of glypican-3 as a serological mark-
er for early-stage hepatocelluar carcinomal J J. Cancer Res, 2004,
64(7):2418-2423.

[3] Capurro M, Wanless IR, Sherman M, et al. Glypican-3: a novel
serum and histochemical marker for hepatocellular carcinomal J ].
Gastroenterology, 2003, 125( 1 ): 89-97.

[4] Sung YK, Hwang SY, Park MK, et al. Glypican-3 is overex-

pressed in human hepatocellular carcinomal J ]. Cancer Sci,

2003, 94( 3 ): 259-262.

[5] Midorikawa Y, Ishikawa S, Iwanari H, et al. Glypican-3, over ex-
pressed in hepatocelluar carcinoma, modul-ates FGF2 and BM P-7
signaling J ]. Int J Cancer, 2003, 103( 4 ):455465.

[6] Kwack MH, Choi BY, Sung YK. Cellular changes resulting from
rorced expression of glypican-3 in hepatocellular carcinoma cells
[ J]. Mol Cells, 2005, 21(2): 224-228.

(7] 8I&E, SrHY, #Es, % MR MmN KAl x5
B N RS AT MO B AR 2R e T (s T ). R A R 9T 2%
&, 2007, 14(5): 445449,

[81] Jiang WJ, Man XB, Tang L, et al. Gradual upregulation of OCI-5
expression during occurrence and progression of rat hepatocellular
carcinoma J ]. Hepatobiliary Pancreat Dis Int, 2006, 5( 2 ): 257-
261.

[9] Farooq M, Hwang SY, Park MK, et al. Blocking endogenous glyp-

ican-3 expression releases Hep3B cells from G1 arrest[ J ]. Mol

are prognostic in metastatic breast cancer patients with bone-only
metastasis. J ]. Ann Oncol ,2004,15( 3 ):455459.

[ 12 ] Leeming DJ, Koizumi M, Byrjalsen I, et al. The relative use of
eight collagenous and noncollagenous markers for diagnosis of
skeletal metastases in breast, prostate, or lung cancer patients
[ J]. Cancer Epidemiol Biomarkers Prev, 2006, 15( 1 ):32-38.

[ 13 ] Sung V, Stubbs JT, Fisher L, et al. Bone sialoprotein supports
breast cancer cell adhesion proliferation and migration through
differential usage of the alpha( v )beta3 and alpha( v )beta5 inte-
grind J 1. J Cell Physiol, 1998,176( 3 ):482-494.

[ 14 ] Diel 1J, Solomayer EF, Seibel MJ, et al. Serum bone sialoprotein
in patients with primary breast cancer is a prognostic marker for
subsequent bone metastasis [ J ]. Clin Cancer Res, 1999,5( 12 ):
3914-3919.

[ 15 ] Jung K, Lein M, Stephan C,et al. Comparison of 10 serum bone
turnover markers in prostate carcinoma patients with bone metastat-
ic spread: diagnostic and prognostic implications[ J ]. Int J Canc-
er, 2004,111(5 ):783-791.

[ 16 ] Papotti M, Kalebic T, Volante M, et al. Bone sialoprotein is pre-
dictive of bone metastases in resectable non-small-cell lung cancer:
a retrospective case-control study [ J]. J Clin Oncol, 2006, 24
(30): 4818-4824.

[WFEH] 2008 -07 -04 [fEEIBH ] 2008 -08 -26

[AxmiE] fRmeR

Cells, 2003, 15( 3 ): 356-360.

[10] Sung YK, Hwang SY, Farooq M, et al. Growth promotion of
HepG2 hepatoma cells by antisense-mediated knockdown of glypi-
can-3 is independent of insulin-like growth factor 2 signaling] J ].
Exp Mol Med, 2003, 35( 4 ): 257-262.

[11 JKim H, Xu GL, Borczuk AC, et al. The heparan sulfate
proteoglycan GPC3 is a potential lung tumor suppressol J . Am J
Respir Cell Mol Biol 2003, 29( 6 ): 694-701.

[ 12 ] Murthy SS, Shen T, De Rienzo A, et al. Expression of GPC3, an
X-linked recessive overgrowth gene, is silenced in malignant meso-
theliomal J ]. Oncogene, 2000, 19 (3): 410416.

[ 13 ] Xiang YY, Ladeda V, Filmus J. Gpc3 expression is silenced in hu-
man breast cancef J ]. Oncogene, 2001, 20 (50 ): 7408-7412.

(141 E F1, & 75, Wmedlk, 5. GPC3 1 0P Huim h ik K ol
WEXLT ) MR #288, 2007, 32(10): 1017-1019.

[ 15 ] Capurro MI, Xiang YY, Lobe C, et al. Glypican-3 promotes the
growth of hepatocellular carcinoma by stimulating canonical Wnt
signaling J ]. Cancer Res, 2005, 65( 14 ): 6245-6254.

[ 16 ] Peters MG, Farias E, Colombo L, et al. Inhibition of invasion and
metastasis by glypican-3 in a syngeneic breast cancer model[ J J.

Breast Cancer Res Treat, 2003, 80( 2 ): 221-232.

[ k7S EHE] 2008 —07 -20
[ AXGmE] e

[ f8EIEHH ] 2008 -08 -30



