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Abstract The clinical significance of circulating fol-

listatin (FLST), an inhibitor of the multifunctional

cytokine activin A (Act A), was investigated in patients

with prostate cancer (PCa). The serum concentrations of

this molecule were determined by an enzyme-linked

immunosorbent assay (ELISA) in PCa patients with

(M?) or without (M0) bone metastases, in patients with

benign prostate hyperplasia (BPH) and in healthy sub-

jects (HS). The effectiveness of FLST in detecting PCa

patients with skeletal metastases was determined by the

receiver operating characteristic (ROC) curve analysis.

Serum FLST was significantly higher in PCa patients

than in BPH patients (P = 0.001) or HS (P = 0.011).

Conversely, in BPH patients, FLST levels resulted lower

than in HS (P = 0.025). In cancer patients the serum

concentrations of FLST significantly correlated with the

presence of bone metastases (P = 0.0005) or increased

PSA levels (P = 0.04). Interestingly, significant differ-

ences in the ratio between FLST and Act A serum

concentrations (FLST/Act A) were observed between HS

and BPH patients (P = 0.001) or PCa patients

(P = 0.0005). Finally, ROC curve analysis, highlighted a

sound diagnostic performance of FLST in detecting

M? patients (P = 0.0001). However, the diagnostic

effectiveness of FLST did not result significantly supe-

rior to that of Act A or PSA. These findings suggest that

FLST may be regarded as a potential, molecular target in

the treatment of metastatic bone disease while its clinical

role as soluble marker in the clinical management of

PCa patients with bone metastases needs to be better

defined.
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Abbreviations

Act A Activin A

ActRII Activin type II receptor

AUC Area under the curve

BMP-7 Bone morphogenic protein-7

BPH Benign prostate hyperplasia

FLST Follistatin

FLST/Act A ratio Follistatin/Activin A ratio

ELISA Enzyme linked immunosorbent

assay

HS Healthy subjects

MMP-2 Matrix-metalloproteinase-2

M0 Patients with confined disease

M? Patients with bone metastases

PCa Prostate cancer

PSA Prostate specific antigen

ROC curve Receiver operating characteristic

curve

SCLC Small cell lung cancer

TGF-b Transforming growth factor-beta

VEGF Vascular endothelial growth factor
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Introduction

Activin A (Act A) is a multifunctional cytokine of the

transforming growth factor-beta (TGF-b) superfamily of

growth factors [1]. This molecule appears to be implicated

in the regulation of a broad range of important biological

processes including cell proliferation, differentiation,

apoptosis, immune response, wound healing, embryogen-

esis, endocrine functions, tissue metabolism and homeo-

stasis [1–3]. The biological activity of activin A is

modulated by several endogenous inhibitors including

follistatin (FLST), a cystein rich glycosylated polypeptide

chain of 31–39 kDa that binds Act A with high affinity

(850–500 pM) [1, 3, 4]. Interestingly, growing evidence

suggests that the activin–follistatin system (Act/FLST)

may have a regulatory function in controlling several

physiological and pathological processes [3, 5, 6]. In par-

ticular, recent findings indicate that these molecules appear

to have a role in the regulation of bone turnover in normal

and pathological conditions. To confirm this, several

experimental studies provide evidence that the Act/FLST

system modulates osteoclast activity, osteoblast formation,

cartilage maturation and endochondral bone formation

[6–13] and that the balance between these molecules is

deregulated in several disorders associated with increased

bone degradation [6, 9, 14, 15]. These observations might

suggest the possible involvement of FLST, in particular, in

the pathogenesis of bone metastasis, a pathological process

which is known to be associated with marked disturbances

of bone turnover [16]. This hypothesis is corroborated by

many observations showing that tumors which preferen-

tially metastasize to the bone including prostate cancer

present altered expression levels of FLST [3, 17–26].

Furthermore, the possible correlation between the diffusion

of malignant cells into the bone and alteration in the Act

A/FLST balance in patients with prostate cancer is further

indirectly supported by certain recent studies of ours which

demonstrate that the circulating levels of Act A are

markedly elevated in these patients and that this phenom-

enon correlates with the presence and number of skeletal

metastases [27]. On the basis of these findings we have

undertaken further investigation in order to assess the

clinical significance of circulating FLST in PCa patients

with bone metastasis and its relationship with Act A.

Patients and methods

These studies were carried out on serum samples, collected

between 2004 and 2006, from 35 patients with prostate

cancer, 20 patients with histologically proven benign

prostatic hyperplasia (BPH) (median age 61.9, range

55–74) and 21 registered male healthy blood donors (HS)

who served as control group. The prostate cancer group

(PCa) comprised 15 patients with confined disease (M0)

and 20 patients with clinically documented bone metasta-

ses and no apparent extraskeletal involvement (M?) [27].

The main characteristics of cancer patients are reported in

Table 1.

Determination of follistatin serum concentrations

Peripheral venous blood specimen from PCa patients or

BPH patients were collected before starting any clinical

treatment. The blood was drawn into polycarbonate tubes,

allowed to clot at room temperature and then centrifuged at

3,500 rpm for 15 min (Hereus Omnifuge 2.0 RS, Hereus

Sepatech). Serum aliquots were stored at -80�C until

assays were performed. Total FLST serum concentrations

(i.e., FS288, FS300 and FS315 isoforms) was determined

by a commercially available two-step sandwich enzyme-

linked immunosorbent assay (ELISA) kit (R&D System,

Minneapolis USA) in accordance with the manufacturer’s

instructions. The reported detection limit was 29 pg/ml

(range 10–83 pg/ml). According to the manufacturer,

FLST does not cross-react with recombinant human activin

A, activin B and activin AB.

Table 1 Correlation between follistatin serum concentrations and

some clinical and biological parameters of PCa progression

Parameter Median follistatin

(ng/ml) and (range)

P value

Gleason score

2–4 (n = 11) 1.9 (0.9–5.9)

5–7 (n = 15) 1.7 (0.66–4.5)

8–10 (n = 8) 2.8 (1.0–8.1) 0.11 (n.s.)a

Extracapsular extension

Negative (n = 5) 2.0 (0.83–5.9)

Positive (n = 7) 1.9 (1.5–8.1) 0.88 (n.s.)b

Lymph node status

Negative (n = 7) 3.8 (0.83–8.1)

Positive (n = 9) 1.9 (1.2–4.5) 0.07 (n.s.)c

Bone metastasis

M0 (n = 15) 1.7 (0.66–3.8)

M? (n = 20) 2.7 (1.25–8.1) 0.0005b

PSA

\17.0 ng/ml (n = 14) 1.8 (0.66–4.2)

[17.0 ng/ml (n = 20) 2.9 (1.25–8.1) 0.04b

Results are reported as median values and (range). Due to some

missing sample, number of subjects in each group may vary. In

parenthesis, number of patients
a Kruskall–Wallis test; b Mann–Whitney U test. c Student t test for

independent samples

n.s. Not significant

550 Clin Exp Metastasis (2010) 27:549–555

123



Serum activin A and prostate specific antigen (PSA)

determinations

Activin A and PSA serum concentrations were previ-

ously determined in PCA patients, BPH patients and in

HS as described [27]. The reported detection limits

were \78 pg/ml for activin A and \0.009 ng/ml for PSA

respectively.

Statistical analysis

The D’Agostino–Pearson test was used to assess the nor-

mal distribution of the data. Therefore, statistical analysis

was performed, where required, by the non parametric

Mann–Whitney U test, the Kruskall–Wallis test, the

Spearman rank correlation test or the parametric Student

t test for independent samples. The diagnostic effectiveness

of follistatin, activin A or PSA, alone or in combinations,

in discriminating between M0 and M? patients was

determined by the receiver operating characteristic (ROC)

curve analysis [28]. The significance of the difference

between the areas under the ROC curves (AUCs) was

assessed in accordance with Hanley and McNeil [29]. Data

analysis was performed by using the Medcalc version 7.4.4

statistical software package (MEDCALC Mariakerke,

Belgium). P values \ 0.05 were considered statistically

significant.

Results

FLST serum levels were higher in PCa patients (mean

2.56 ± 1.5 ng/ml) than in BPH patients (mean

1.5 ± 0.72 ng/ml) or HS (mean 1.70 ± 0.45 ng/ml) or

(Fig. 1). Conversely, BPH patients had FLST serum con-

centrations that were significantly lower than those mea-

sured in HS (P = 0.025) (Fig. 1). Interestingly, the ratio

between the serum concentrations FLST and Act A (FLST/

Act A ratio) was significantly higher in the HS group

(mean 5.5 ± 3.3) than in M0 (mean 2.9 ± 1.4) or

M? (2.7 ± 1.2) or BPH patients (mean 2.1 ± 0.9), while

no significant difference in this parameter was shown

between M0 and M? patients or between BPH and M0 or

M? patients (Fig. 2). In PCa patients, FLST levels were

more elevated in M? patients (median 2.7 ng/ml) as

compared to M0 patients (median 1.75 ng/ml) (Table 1).

Moreover, in cancer patients a positive correlation was

observed between FLST and Act A or PSA serum con-

centrations (r = 0.59, P = 0.0013 and r = 0.56,

P = 0.024, by the Spearman rank correlation test respec-

tively) while no correlation was shown between serum

FLST and Gleason score or extracapsular involvement or

lymph node status (Table 1). Lastly, ROC curve generated

to assess the effectiveness of FLST in discriminating

between M? and M0 patients showed, in this respect, a

good diagnostic performance for this molecule (Fig. 3).

However, the AUC of FLST did not significantly differ

from that of Act A or PSA (Fig. 3; Table 2). The combi-

nation of FLST with Act A or PSA, did not substantially

resulted in an improved diagnostic accuracy as compared

to that of each single molecule (Fig. 3; Table 2).

Discussion

Growing evidence suggests that the FLST/Act A system

may be implicated in the pathogenesis of metastatic bone

disease. This hypothesis is corroborated by several exper-

imental observations which show that the balance between

these molecules results deregulated in several pathological

conditions associated with an altered bone turnover and in

tumors which preferentially metastasize to the bone

including prostate cancer [9–15, 17–26, 30–32]. In line

with these observations, our data show that the serum

levels of FLST are significantly increased in patients with

prostate cancer and that the ratio between the serum con-

centrations of FLST and Act A (FLTS/Act A ratio) in these

patients significantly differs from that measured in HS.

Moreover, our studies highlight a positive correlation

between circulating levels of FLST and the presence of

bone metastasis or increased PSA levels. These findings

further confirm and add to previous observations by

Sardana et al. [26] showing a significant difference in FLST

serum concentrations between subjects with or without

prostate cancer. Our data are also consistent with those

immunohistochemical and molecular biology studies which

highlight a positive correlation between altered expression

HS BPH PCa

P=0.025

P=0.016

P=0.0001

Fig. 1 Follistatin serum levels in healthy subjects (HS), in patients

with benign prostate hyperplasia (BPH) and in patients with prostate

cancer (PCa). Horizontal bars represent mean values. P values were

calculated by the Mann–Whitney U test
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level of FLST in prostate cancer and a more aggressive

behaviour of this tumor [22–26, 31–33]. Although these

observations reinforce the hypothesis of a possible

involvement of FLST in PCa progression, the mechanisms

by which this molecule may facilitate, in particular, bone

metastasis formation in PCa patients remain to be unrav-

elled. In this regard, some in vitro studies suggest that

FLST may foster bone metastasis formation in prostate

cancer by modulating the activity of the bone morphogenic

protein-7 (BMP-7), a member of the TGF-b family which

is critical in the formation of osteoblastic lesions associated

with prostate cancer metastases [34–37]. In addition, recent

in vitro evidence suggests that FLST may indirectly facil-

itate bone metastasis formation by inhibiting activin type II

receptor (ActRII) mediated signalling pathway [38]. This

phenomenon appears to lead to the up-regulation of

ADAM-15, a disintegrin which facilitate cell detachment

by cleaving integrin molecules and whose overexpression

appears to be strongly correlated with prostatic metastasis

[39]. Intriguingly, this mechanism has been described as

peculiar to prostate cancer and neuroblastoma [38]. Fur-

thermore, experimental evidence suggests that this mole-

cule may also facilitate the diffusion of malignant cells into

the bone via the angiogenic route, through the activation of

mechanisms which are independent from its Act A or

BMPs inhibiting activity. In particular, some of these

studies show that, FLST may interact with angiogenin, a

14-kDa protein which exerts its pro angiogenic functions

by activating endothelial and smooth muscle cells and

which promotes migration, invasion, proliferation and

formation of tubular structure [40–43]. Additionally, it has

been suggested that FLST, in concert with vascular endo-

thelial growth factor (VEGF), may foster the formation of

new blood vessels by stimulating the production of matrix-

metalloproteinase-2 (MMP-2), a proteolytic enzyme which

has been implicated in tumor angiogenesis and bone

metastasis formation in prostate cancer [44–46]. On the

HS BPH M0 M+

P=0.0007

P=0.0078

P=0.0043

P=0.054(n.s.)

P=0.76 (n.s.)

P=0.084 
(n.s.)

Fig. 2 Serum FLST/Act A ratio

in healthy subjects (HS), in

patients with benign prostate

hyperplasia (BPH) and in

prostate cancer patients (PCa)

with (M?) or without (M0)

bone metastases. P values were

calculated by the parametric

Student t test for independent

samples

AUC= 0.854 0.05 (95% C.I. 0.69-0.95)
p=0.0001

Fig. 3 Receiver operating characteristic (ROC) curve for follistatin

to detect PCa patients with bone metastases. Detailed results of the

ROC analysis are given in Table 2
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other hand, conflicting results have been generated from

experimental in vivo studies regarding the promoting

activity of FLST on tumor angiogenesis. In fact, Krneta

et al. [47] recently showed that FLST may act as a potent

angiogenesis stimulator in SCID mice transplanted with

R30C human mammary tumor cells. Conversely, Ogino

et al. [48] reported that, in NK cell-depleted SCID mice,

FLST gene transfection resulted in the suppression of the

experimental multiple organ metastases via inhibition of

angiogenesis by small cell lung cancer (SCLC) cells. The

discrepancies in these results are currently, in part,

explained through the use of different animal tumor models

and through the different role of the Act A-FLST system in

the progression of different tumor types [47–51]. There-

fore, further studies are needed to better assess the pro-

angiogenetic effects of FLST on human tumors. Finally,

ROC curves generated to asses the clinical value of cir-

culating FLST as a gauge of bone metastasis in PCa

patients, showed a good diagnostic performance of FLST

in this respect. These data are consistent with recent find-

ings from proteomic analysis studies which actually con-

sider FLST as one of the novel candidate biomarkers of

certain solid tumors including prostate cancer [25, 26, 49,

52, 53]. However, in our series of patients, the diagnostic

performance of FLST did not result significantly superior

to that of Act A or PSA. Although these data cast doubt on

the specific role of serum FLST as a diagnostic gauge of

bone metastasis in PCa patients, they indicate that this

molecule may be of potential clinical interest as a circu-

lating biomarker for the therapeutic management and fol-

low-up of these patients when undergoing antimetastatic

treatments. In conclusion, in line with other previous

observations [47, 54], the present study suggests that,

FLST may contribute to foster bone metastasis formation

in PCa patients. In this scenario, FLST may be regarded as

a new, potential molecular target in the treatment of met-

astatic bone disease while further investigations with a

wider number of subjects is needed to better define the

clinical role of this molecule as a biomarker that might be

useful in the management of these patients.

Acknowledgments This study was supported by funds from Min-

istry of Education, University and Research (MIUR) (Fondi Ateneo

ex quota 60%).

References

1. Welt C, Sidis Y, Keutmann H, Schneyer A (2002) Activins, in-

hibins, and follistatins: from endocrinology to signaling. A par-

adigm for the new millennium. Exp Biol Med 227:724–752

2. Chen YG, Wang Q, Lin SL et al (2006) Activin signaling and its

role in regulation of cell proliferation, apoptosis, and carcino-

genesis. Exp Biol Med 231:534–544

3. Risbridger GP, Schmitt JF, Robertson DM (2001) Activins and

inhibins in endocrine and other tumors. Endocr Rev 22(6):

836–858

4. Phillips DJ, de Kretser DM (1998) Follistatin: a multifunctional

regulatory protein. Front Neuroendocrinol 19(4):287–322

5. Aoki F, Kojima I (2007) Therapeutic potential of follistatin to

promote tissue regeneration and prevent tissue fibrosis. Endocr J

54(6):849–854

6. Werner S, Alzheimer C (2006) Roles of activin in tissue repair,

fibrosis and inflammatory disease. Cytokine Growth Factor Rev

17(3):157–171

7. Inoue S, Nomura S, Hosoi T, Ouchi Y, Orimo H, Muramatsu M

(1994) Localization of follistatin, an activin-binding protein, in

bone tissues. Calcif Tissue Int 55(5):395–397

8. Funaba M, Ogawa K, Murata T et al (1996) Follistatin and activin

in bone: expression and localization during endochondral bone

development. Endocrinology 137(10):4250–4259

9. Eiken M, Swagemakers S, Koedeman M et al (2007) The activin

A-follistatin system: potent regulator of human extracellular

matrix mineralization. Faseb J 21(11):2949–2960

10. Tardif G, Pelletier JP, Boileau C, Martel-Pelletier J (2009) The

BMP antagonists follistatin and gremlin in normal and early

osteoarthritic cartilage: an immunohistochemical study. Osteo-

arthr Cartil 17(2):263–270

11. Murase Y, Okahashi N, Koseki T et al (2001) Possible involvement

of protein kinases and Smad2 signaling pathways on osteoclast dif-

ferentiation enhanced by activin A. J Cell Physiol 188(2):236–242

Table 2 Sensitivity, specificity and diagnostic accuracy of follistatin, alone or in combination with activin A and/or PSA, in the detection of

patients with metastatic bone disease

Parameter AUC ± SEa (95% C.I.)b P value Cut-off valuec

(ng/ml)

Sensitivity (%)

(95% C.I.)b
Specificity (%)

(95% C.I.)b
Accuracy

(%)

Follistatin 0.846 ± 0.067 (0.68–0.95) 0.0001 1.99 80.0 (56.3–94.3) 84.6 (54.6–98.1) 81.8

Activin A 0.863 ± 0.062 (0.71–0.96) 0.0001 0.74 90.0 (68.3–98.8) 81.3 (54.6–98.3) 84.8

PSA 0.848 ± 0.068 (0.69–0.95) 0.0001 16.9 75.0 (50.9–91.3) 92.3 (64.0–99.8) 84.3

Follistatin ? activin A 0.856 ± 0.065 (0.72–0.96) 0.0001 – 85.0 (62.1–96.8) 84.6 (51.6–98.1) 84.8

Follistain ? PSA 0.787 ± 0.079 (0.61–0.91) 0.0003 – 65.0 (40.8–84.6) 92.3 (64.0–99.8) 75.7

Activin A ? PSA 0.839 ± 0.068 (0.67–0.94) 0.0001 – 75.0 (50.9–91.3) 92.9 (66.1–99.8) 82.3

Follistatin ? activin A ? PSA 0.762 ± 0.083 (0.58–0.89) 0.016 – 60.0 (36.1–80.9) 92.3 (64.0–99.8) 72.7

a AUC = area under the curve ± standard error; b (95% C.I.) = 95% confidence interval; c cut-off values as determined by ROC curve

analysis. No significant differences was observed between the AUCs (data not shown)

Clin Exp Metastasis (2010) 27:549–555 553

123



12. Gaddy-Kurten D, Coker JK, Abe E et al (2002) Inhibin sup-

presses and activin stimulates osteoblastogenesis and osteo-

clastogenesis in murine bone marrow cultures. Endocrinology

143(1):74–83

13. Kawabata N, Kamiya N, Suzuki N et al (2007) Changes in

extracellular activin A: follistatin ratio during differentiation of a

mesenchymal progenitor cell line ROB.C26 into osteoblasts and

adipocytes. Life Sci 81:8–18

14. Hayashi K, Yamaguchi T, Yano S et al (2009) BMP/Wnt

antagonists are upregulated by dexamethasone in osteoblasts and

reversed by alendronate and PTH: potential therapeutic targets

for glucocorticoid-induced osteoporosis. Biochem Biophys Res

Commun 379(2):261–266

15. Borawski J, Naumnik B, Myśliwiec M (2004) Activin A/follist-

atin system: another link to heparin-induced osteoporosis? Clin

Appl Thromb Hemost 10(2):191–192

16. Mundy GR (2002) Metastasis to bone: causes, consequences and

therapeutic opportunities. Nat Rev Cancer 2:584–593

17. Kakiuchi S, Daigo Y, Tsunoda T et al (2003) Genome-wide

analysis of organ-preferential metastasis of human small cell lung

cancer in mice. Mol Cancer Res 1(7):485–499

18. Kang Y, Siegel PM, Shu W et al (2003) A multigenic program

mediating breast cancer metastasis to bone. Cancer Cell 3(6):

537–549

19. Razanajaona D, Joguet S, Ay AS et al (2007) Silencing of FLRG,

an antagonist of activin, inhibits human breast tumor cell growth.

Cancer Res 67(15):7223–7229

20. Bloise E, Couto HL, Massai L et al (2009) Differential expression

of follistatin and FLRG in human breast proliferative disorders.

BMC Cancer 9:320. doi:10.1186/1471-2407-9-320

21. Thomas TZ, Chapman SM, Hong W et al (1998) Inhibins, ac-

tivins, and follistatins: expression of mRNAs and cellular local-

ization in tissues from men with benign prostatic hyperplasia.

Prostate 34(1):34–43

22. McPherson SJ, Mellor SL, Wang H et al (1999) Expression of

activin A and follistatin core proteins by human prostate tumor

cell lines. Endocrinology 140(11):5303–5309

23. Wang Q, Tabatabaei S, Planz B et al (1999) Identification of an

activin–follistatin growth modulatory system in the human

prostate: secretion and biological activity in primary cultures of

prostatic epithelial cells. J Urol 161(4):1378–1384

24. Risbridger GP, Mellor SL, McPherson SJ, Schmitt JF (2001) The

contribution of inhibins and activins to malignant prostate dis-

ease. Mol Cell Endocrinol 180(1–2):149–155

25. Härkönen P, Törn S, Kurkela R et al (2003) Sex hormone

metabolism in prostate cancer cells during transition to an

androgen-independent state. J Clin Endocrinol Metab 88(2):

705–712

26. Sardana G, Jung K, Stephan C, Diamandis EP (2008) Proteomic

analysis of conditioned media from the PC3, LNCaP, and 22Rv1

prostate cancer cell lines: discovery and validation of candidate

prostate cancer biomarkers. J Proteome Res 7(8):3329–3338

27. Leto G, Incorvaia L, Badalamenti G et al (2006) Activin A cir-

culating levels in patients with bone metastasis from breast or

prostate cancer. Clin Exp Metastasis 23(2):117–122

28. Hanley JA, McNeil BJ (1982) The meaning and use of the area

under a receiver operating characteristic (ROC) curve. Radiology

143:29–36

29. Hanley JA, McNeil BJ (1983) A method of comparing the areas

under receiver operating characteristic curves derived from the

same cases. Radiology 148:839–884

30. van Schaik RH, Wierikx CD, Timmerman MA et al (2000)

Variations in activin receptor, inhibin/activin subunit and fol-

listatin mRNAs in human prostate tumour tissues. Br J Cancer

82:112–117

31. Chen Q, Watson JT, Marengo SR et al (2006) Gene expression in

the LNCaP human prostate cancer progression model: progres-

sion associated expression in vitro corresponds to expression

changes associated with prostate cancer progression in vivo.

Cancer Lett 244(2):274–288

32. Vaarala MH, Porvari K, Kyllönen A, Vihko P (2000) Differen-

tially expressed genes in two LNCaP prostate cancer cell lines

reflecting changes during prostate cancer progression. Lab In-

vestig 80(8):1259–1266

33. Fujii Y, Kawakami S, Okada Y et al (2000) Regulation of

prostate-specific antigen by activin A in prostate cancer LNCaP

cells. Am J Physiol Endocrinol Metab 286(6):E927–E931

34. Masuda H, Fukabori Y, Nakano K et al (2003) Increased

expression of bone morphogenetic protein-7 in bone metastatic

prostate cancer. Prostate 54(4):268–274

35. Buijs JT, Rentsch CA, van der Horst G et al (2007) BMP7, a

putative regulator of epithelial homeostasis in the human prostate,

is a potent inhibitor of prostate cancer bone metastasis in vivo.

Am J Pathol 171(3):1047–1057

36. Ye L, Lewis-Russell JM, Kynaston H, Jiang WG (2007)

Endogenous bone morphogenetic protein-7 controls the motility

of prostate cancer cells through regulation of bone morphogenetic

protein antagonists. J Urol 178(3):1086–1091

37. Feeley BT, Gamradt SC, Hsu WK et al (2005) Influence of BMPs

on the formation of osteoblastic lesions in metastatic prostate

cancer. J Bone Miner Res 20(12):2189–2199

38. Simon DP, Vadakkadath Meethal S, Wilson AC et al (2009)

Activin receptor signaling regulates prostatic epithelial cell

adhesion and viability. Neoplasia 11(4):365–376

39. Najy AJ, Day KC, Day ML (2008) ADAM15 supports prostate

cancer metastasis by modulating tumor cell-endothelial cell

interaction. Cancer Res 68(4):1092–1099

40. Riordan JF (2001) Angiogenin. Methods Enzymol 341:263–267

41. Gao X, Hu H, Zhu J, Xu Z (2007) Identification and character-

ization of follistatin as a novel angiogenin-binding protein. FEBS

Lett 581(28):5505–5510

42. Yoshioka N, Wang L, Kishimoto K et al (2006) A therapeutic

target for prostate cancer based on angiogenin-stimulated angi-

ogenesis and cancer cell proliferation. Proc Natl Acad Sci USA

103(39):14519–14524

43. Tsuji T, Sun Y, Kishimoto K et al (2005) Angiogenin is trans-

located to the nucleus of HeLa cells and is involved in ribosomal

RNA transcription and cell proliferation. Cancer Res 65(4):

1352–1360

44. Oh IS, Kim GH (2004) Vascular endothelial growth factor

upregulates follistatin in human umbilical vein endothelial cells.

Biotechnol Bioprocess Eng 9:201–206

45. Björklund M, Koivunen E (2005) Gelatinase-mediated migration

and invasion of cancer cells. Biochim Biophys Acta 1755(1):

37–69

46. Littlepage LE, Sternlicht MD, Rougier N et al (2010) Matrix

metalloproteinases contribute distinct roles in neuroendocrine

prostate carcinogenesis, metastasis, and angiogenesis progres-

sion. Cancer Res 70:2224–2234

47. Krneta J, Kroll J, Alves F et al (2008) Dissociation of angio-

genesis and tumorigenesis in follistatin- and activin-expressing

tumors. Cancer Res 66:5686–5695

48. Ogino H, Yano S, Kakiuchi S et al (2008) Follistatin suppresses

the production of experimental multiple-organ metastasis by

small cell lung cancer cells in natural killer cell-depleted SCID

mice. Clin Cancer Res 14:660–667

49. Seder CW, Hartojo W, Lin L et al (2009) Upregulated INHBA

expression may promote cell proliferation and is associated

with poor survival in lung adenocarcinoma. Neoplasia 11(4):

388–396

554 Clin Exp Metastasis (2010) 27:549–555

123

http://dx.doi.org/10.1186/1471-2407-9-320


50. Chlenski A, Liu S, Baker LJ et al (2004) Neuroblastoma angio-

genesis is inhibited with a folded synthetic molecule corre-

sponding to the epidermal growth factor-like module of the

follistatin domain of SPARC. Cancer Res 64(20):7420–7425

51. Stove C, Vanrobaeys F, Devreese B et al (2004) Melanoma cells

secrete follistatin, an antagonist of activin-mediated growth

inhibition. Oncogene 23(31):5330–5339

52. Planque C, Kulasingan V, Smith CR et al (2009) Identification of

five candidate lung cancer biomarkers by proteomic analysis of

conditioned media of four lung cancer cell lines. Mol Cell Pro-

teomics 8(12):2746–2758

53. Goo YA, Liu AY, Ryu S et al (2009) Identification of secreted

glycoproteins of human prostate and bladder stromal cells by

comparative quantitative proteomics. Prostate 69(1):49–61

54. van der Poel HG, Hanrahan C, Zhong H, Simons JW (2003)

Rapamycin induces Smad activity in prostate cancer cell lines.

Urol Res 30:380–386

Clin Exp Metastasis (2010) 27:549–555 555

123


	Serum follistatin in patients with prostate cancer metastatic to the bone
	Abstract
	Introduction
	Patients and methods
	Determination of follistatin serum concentrations
	Serum activin A and prostate specific antigen (PSA) determinations
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


