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Figure 4. E-selectin—-E-selectin ligands, 1 and aVB3 integrins, and Rac1/Rap1 GTPases cooperate in PC-R1 cell breaching of BMEC under flow conditions.
Aand B, mean PC-R1 FT cellrolling events (A) and rolling velocity (B) on IL-1B-stimulated HBMEC-60 cells at 1 Dyne/cm? + anti-E-selectin mAb from 4 fields at
x 100 magnification (n = 9 + SEM; ND, not detected; “**, P < 0.001 vs. isotype, one-way ANOVA with Dunnett posttest). C-F, % PC-R1 FT and MDA PCa 2b
cell breaching of HBMEC-60 cell monolayers + anti-E-selectin mAb, anti-integrin mAb, Rap1 inh. or Rac1 inh. normalized to isotype or untreated control

(n =4 + SEM; **, P < 0.01; ***, P < 0.001, ¢ test).

as CD44 (HCELL), carcinoembryonic antigen, melanoma cell
adhesion molecule, and podocalyxin-like protein (5). More-
over, there were distinct PC-R1 FT glycosphingolipids (GSL)
bearing sialofucosylated moieties reactive to E-selectin/Fc that
comigrated with GM1 and GD3 gangliosides (Supplementary
Fig. S4C). Of note, FT3 and FT6 cell transductants also
expressed an E-selectin-reactive GSL that comigrated with
GD1b, which was absent in FT7 cells (Supplementary Fig. S4C).
When glycoproteins were proteolytically removed as evi-
denced by complete loss of CD44 (Supplementary Fig. S4D),
remaining glycolipids bearing sLe*-E-selectin ligands were
detected and accounted for roughly half of total E-selectin
binding activity (Supplementary Fig. S4D). In fact, protease-
digested PC-R1 FT cells rolled in equal number and velocity on
E-selectin (Supplementary Fig. S4E and S4F). In all, these data
affirm: (i) our intent to use PC-R1 FT cells as a model for
adhesion and TEM analysis under blood flow conditions, (ii)
highlight the key roles of FT3, 6, and 7 in regulating E-selectin
ligand expression, and (iii) provide direct evidence of the
importance of GSLs in E-selectin-dependent adhesion.

E-selectin ligand " prostate cancer cells breach
E-selectin” HBMEC in a B1, aVB3, and Rac/Rapl-
dependent manner

Using E-selectin ligand™ PC-R1 FT7 cells, we first analyzed
whether they could traverse HUVEC or HBMEC-60 cell mono-
layers stimulated with IL-1f, which induces E-selectin expres-

sion (Supplementary Fig. S4G). We found that TEM of PC-R1
FT7 cell pretreated with neutralizing anti-B1 or anti-otVp3
mAbs was blocked by 40% to 80% (Fig. 3C and D). Moreover,
RNA silencing of B1 protein (Fig. 3E) reduced TEM of PC-R1
FT7 cells by 50% (Fig. 3F). Inhibitors of Racl and Rap1 blocked
TEM through HBMEC-60 cells by 30% and 80%, respectively, in
contrast to antagonists of CXCR4 and CCR2 or pertussis toxin
pretreatment, which did not have any inhibitory effects (Fig.
3G). In agreement with lack of inhibitory effect, expression of
CXCR4 and related chemokine receptor, CXCR7, along with
CCR2 was undetected or minimal in PC-R1 cells and in a
number of prostate cancer cell lines (Supplementary Fig. S5A),
and mRNA levels of CXCR4, CXCR7, and CCR2 along with
another known prostate cancer chemokine receptor, CCR4,
were variable and/or downregulated in primary and metastatic
prostate cancer tissue when compared with normal prostate
tissue (Supplementary Fig. S5B-S5E). Thus, PC-R1 FT cell TEM
under static conditions was dependent on 1 and otVB3 and
Racl and Rapl GTPases, although not on G-protein signaling,
through CXCR4 or CCR2.

We then examined the role of B1 and otVP3 integrins in
adhesion and TEM of PC-R1 FT cells under flow conditions in
the parallel-plate flow chamber. In studies using IL-13-stim-
ulated HBMEC-60 monolayers, flow data revealed that PC-R1
FT3, 6, and 7 tethered and rolled on E-selectin ™ HBMEC-60 cell
monolayers, whereas E-selectin ligand ™ PC-R1 empty cells did
not (Fig. 4A and B). This rolling activity was completely blocked
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with anti-E-selectin mAb, indicating that E-selectin ligand-E-
selectin interactions are critical for initiating prostate cancer
cell adhesion under shear flow (Fig. 4A). Following the rolling
activity, we then observed a transition to firm adhesion, then
cellular piercing of tight EC junctions and incorporation into
the endothelial plane, which peaked after a 4-hour period
(Supplementary Fig. S6A). This activity is defined here as a
"Breaching” process. Phase contrast and confocal fluores-
cence imaging in 3 dimensions confirmed breached prostate
cancer cells (green) adjacent to endothelial cells [red, indi-
cating paracellular prostate cancer-endothelial breaching
(Supplementary Fig. S6B)]. Interestingly, PC-R1 FT7-EC
breaching occurred in RPMI medium without serum or
exogenous growth factors/chemokines. Notably, all E-selec-
tin ligand™ PC-R1 FT and control MDA prostate cancer 2b
cells tethered, rolled, firmly adhered, and breached E-
selectin” HBMEC-60 monolayers (Fig. 4C and Supplemen-
tary Movie S1). Conversely, E-selectin ligand™ PC-R1 empty
or E-selectin” HBMEC-60 cells neutralized with anti-E-selec-
tin mAb showed no breaching, which underscored E-selectin
ligand dependency (Fig. 4C and Supplementary Movie S2).
When anti-B1 and ooVB3 mAbs were added to control MDA
prostate cancer 2b and PCR1 FT7 cells in these breaching
experiments, there was a significant reduction in breaching
activity (P < 0.01; Fig. 4D and E). Furthermore, incubating
Rapl or Racl inhibitors with PC-R1 FT7 cells also signifi-
cantly blocked breaching activity (P < 0.01; Fig. 4F). These
results suggested that prostate cancer cells sequentially
rolled on HBMEC, transitioned to firm adhesion, and brea-

ched EC monolayers in an E-selectin ligand-, 1 and aVf33
integrin-, and Racl and Rapl-dependent manner.

E-selectin ligand " PC-R1 FT cells traffic to bone marrow
via dependency on E-selectin, 1 integrin, and Racl

To analyze the role of B1 and VB3 integrins and Rapl and
Racl GTPases in prostate cancer homing to bone, we generated
PC-R1 FT cells stably expressing luciferase and injected them
into Rag2/Janus kinase(Jak)-3-null mice deficient in T, B, and
natural killer (NK) cells (5). Following prostate cancer cell
injection, we assayed for presence of luciferase™ prostate cancer
cells in normalizing control tissues (blood and spleen) and in
bone by quantitative PCR (5). After 4 hours postinjection, we
found that all mice injected with E-selectin ligand* PC-R1FT3, 6,
or 7 cells contained luciferase " cells in bone, whereas only 25% of
mice contained E-selectin ligand ™ PC-R1 empty cells (Fig. 5A).
By pretreating mice with neutralizing anti-E-selectin mAb, PC-
R1 FT cell homing to bone was reduced by 40% to 88% (Fig. 5A).
Moreover, after 24 hours postinjection, 95% of femurs contained
PC-R1FT7,67% PC-R1FT6,30% PC-R1 FT3, and only 13% PC-R1
empty cells; and bone retention was ablated by pretreating mice
with anti-E-selectin mAb (Fig. 5B). We also found that pretreat-
ing PC-R1 cells with anti-B1 mAb blocked PC-R1 FI7 cell
retention in bone by 88%, whereas anti-oVB3 mAb blocked
retention by 20% (Fig. 5C). Pretreatment with a Racl inhibitor
blocked bone retention by 78%, whereas Rap1 inhibitor blocked
by 25% (Fig. 5D). These data showed that E-selectin ligand ™ PC-
R1ET cells homed to bone, which was dependent on E-selectin
ligands, B1 integrin and Racl with minor contributions from
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oVB3 integrin and Rapl. Also, FT7 was most influential of all
1,3 FT's in bone homing activity of prostate cancer cells.

«1,3 FTs promote prostate cancer progression

We and others have shown a key role for 01,3 FT expression
in prostate cancer growth and bone homing activity in vivo
(2, 5). To explore the role of 01,3 FT's in spontaneous prostate
cancer formation and progression within the prostate gland, we
generated TRAMP mice, which develop prostate adenocarcino-
ma, that were deficient in 01,3 FT's, FT4 and FT7, by targeted
gene disruption. In that mice do not express FT3 and FT6 (35),
and FT4 does not contribute to sLe* or E-selectin ligand
formation in prostate cancer cells, analysis of these mutant
mice in terms of sLe™ or E-selectin ligand formation was reliant
on FT7. We found that TRAMP mice deficient in 01,3 FT activity
exhibited alower incidence of prostate cancer formation (Fig. 6A
and B) and lower rate of tumor progression as evidenced by
significantly smaller prostate weights (Fig. 6C and D). Unfortu-
nately, observations on metastatic activity in FT4 and 7-deficient
TRAMP mice were not possible due to lack of primary tumor
formation. As such, data indicated a key role for 01,3 FT in
primary prostate cancer development in the prostate gland.

Discussion

Dissemination, entry, and growth of cancer cells in distal
tissues causes 90% of cancer-related deaths and remains a

major unsolved problem in prostate cancer mortality (36).
Here, we identified functional regulators of prostate cancer
extravasation, including tethering, firm adhesion, and move-
ment into bone marrow endothelium under physiologic blood
flow conditions. We described key mechanistic roles for pros-
tate cancer cell 01,3 FT activity and related E-selectin ligand
expression, for B1 and oVB3 integrins, and for Racl/Rapl
GTPases in prostate cancer cell extravasation (Fig. 7A). We
also identified a new role for 01,3 FT activity in prostate cancer
formation (Fig. 7B). Interestingly, contrary to evidence on the
hallmark role of chemokine receptors in integrin activation, we
found that integrin-mediated prostate cancer cell adhesion
and migration across BMEC monolayers did not require che-
mokine(s) as B1 and ooVB3 and GTPases were constitutively
active (23-25, 37-39). Our data also confirmed earlier reports
whereby 1,3 FT3, 6, and 7 were critical for forming sLe* and
corresponding E-selectin ligands and bone-homing activity of
metastatic prostate cancer cells (5). Considering our observa-
tion that 01,3 FTs, FT4 and FT7, promoted prostate cancer
formation in TRAMP mice and FT3 promotion of human
prostate cancer growth (40), the collective role of 01,3 FTs,
FT3,6,and 7, may be to aid the exit of prostate cancer cells from
circulation through E-selectin ligands and also to generate 01,3
fucose residues that may play a role in intrinsic transforming
activity and/or tumor cell-host/stroma interactions promot-
ing tumorigenicity. Analysis of prostate cancer bone metasta-
sis beyond a 24-hour assessment still needs to be conducted to
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further address the role of o1,3 FTs in prostate cancer
growth in bone. This is the first report describing pleotropic
roles of 01,3 fucosylation in malignant progression and meta-
stasis of prostate cancer.

In all, our data parallel the molecular circuitry required for
osteotropic activity of HSCs and MSCs, wherein E-selectin
ligand™ cells display a greater osteotropism than E-selectin
ligand ™ cells (34, 41, 42). In fact, considering recent data that
bone-homing MSCs exhibit a Step-2 bypass pathway whereby
chemokine-mediated integrin activation is not required for
optimal integrin avidity and TEM activity (34, 41), our data
indicated a similar chemokine receptor-independent mechan-
osignaling circuit for robust prostate cancer cell firm adhesion
and vascular breaching. Moreover, prostate cancer cell lines
capable of extravasating BMEC, and metastatic prostate can-
cer tissues, in general, showed variably low or downregulated
levels of chemokine receptors thought involved in prostate

cancer metastasis, CXCR4, CXCR7, CCR2 and CCR4. Extrava-
sating prostate cancer cells relied on E-selectin ligands, B1 and
oVPB3 integrins and Racl/Rapl GTPase activity without che-
mokine-mediated integrin activation. While we did not find
evidence of E-selectin ligand-dependent activation of B1 and/
or atVP3 integrins or Step-2 bypass pathway, our findings show
that seeding and exiting of circulating prostate cancer cells into
bone require the cooperation of 11,3 fucosylation-dependent
E-selectin ligands and B1 and oVB3 integrins for efficient
rolling, firm adhesion, and TEM activity. Future studies need
to address whether these adhesion molecules coassociate on
prostate cancer cells to regulate adhesion and movement as
observed for 041 and CD44 on T cells and MSCs and also
whether such molecules regulate extravasation of fresh-isolat-
ed, native-circulating prostate cancer cells from patients to
help rationalize pharmacologic targeting and treatment strat-
egies (34, 43). Moreover, as these studies were conducted in
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immunocompromised mice, the role of immune cells in pros-
tate cancer trafficking requires further investigation.

Interestingly, lymph node-metastatic LNCaP and LNCaP C4-
2b cells were least migratory and adhesive due to less active
and lower B1 and aVPB3 levels and lacked sialo-LacNAc, a
precursor for sLe* and E-selectin ligand formation. Prior data,
in fact, show that lymph node prostate cancer had low levels of
FT3, 6, and 7 and corresponding sLe® structures compared
with prostate cancer in other tissues, notably bone and liver (5),
indicating that B1 and VB3 integrins and E-selectin ligands
may be less important in lymph node metastasis. Our molec-
ular paradigm outlined here may be more applicable for bone
metastasis. Surprisingly, while dermal postcapillary venules
express E-selectin, prostate cancer metastasis in skin is rare,
suggesting that E-selectin ligand™ prostate cancer cells may
not survive or proliferate within skin (44). Thus, while E-
selectin ligand™ circulating prostate cancer cells efficiently
bind and breach BMEC, growth-related events needed for
colonization in bone may be a more critical and less efficient
step of bone metastasis that could be investigated over time
periods longer than assessed here.

Collectively, we identified multiple adhesion molecules for
preventing extravasation of circulating prostate cancer cells
into distant tissues. Antagonizing E-selectin ligands, 01,3 FT,
B1 and oVB3 integrins and/or Rapl/Racl GTPases could
curtail prostate cancer cell homing and extravasation into
bone (45). To avert ancillary alteration of homeostatic traf-
ficking activity of HSCs or MSCs, strategic pharmacologic
efforts could focus on antagonizing FT3 and FT6 in epitheli-
al-derived tumors or selective blockade of hyperactive (1
variants on prostate cancer cells. Because FT4 and FT7 are
predominant 01,3 FTs in leukocytes, targeting FT3 and 6 would
spare altered leukocytic trafficking and tissue distribution
patterns. Such a regimen could be further fine tuned by
inclusion of antagonists against activated 0.2, a5, a6, and
VPR3 structures, which would be selectively expressed on
circulating prostate cancer cells not on circulating leukocytes.

References

-

American Cancer Society CS. Available from: http://www.cancer.org.

2. Dimitroff CJ, Lechpammer M, Long-Woodward D, Kutok JL. Rolling of
human bone-metastatic prostate tumor cells on human bone marrow
endothelium under shear flow is mediated by E-selectin. Cancer Res
2004;64:5261-9.

3. Dimitroff CJ, Descheny L, Trujillo N, Kim R, Nguyen V, Huang W, et al.
Identification of leukocyte E-selectin ligands, P-selectin glycoprotein
ligand-1 and E-selectin ligand-1, on human metastatic prostate tumor
cells. Cancer Res 2005;65:5750-60.

4. Barthel SR, Gavino JD, Wiese GK, Jaynes JM, Siddiqui J, Dimitroff CJ.
Analysis of glycosyltransferase expression in metastatic prostate
cancer cells capable of rolling activity on microvascular endothelial
(E)-selectin. Glycobiology 2008;18:806-17.

5. Barthel SR, Wiese GK, Cho J, Opperman MJ, Hays DL, Siddiqui J,
et al. Alpha 1,3 fucosyltransferases are master regulators of pros-
tate cancer cell trafficking. Proc Natl Acad Sci U S A 2009;106:
19491-6.

6. Schweitzer KM, Drager AM, van der Valk P, Thijsen SF, Zevenbergen A,

Theijsmeijer AP, et al. Constitutive expression of E-selectin and vas-

cular cell adhesion molecule-1 on endothelial cells of hematopoietic

tissues. Am J Pathol 1996;148:165-75.

Sampling and assaying for o.1,3FT, E-selectin ligand, and 1
expression on localized prostate cancer or circulating prostate
cancer cells might help prognosticate metastatic potential and
guide treatment intervention.

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Authors' Contributions

Conception and design: S.R. Barthel, M.T. Moser, B.A. Foster, CJ. Dimitroff
Development of methodology: S.R. Barthel, E.M. Yazawa, L. Nimrichter, M.T.
Moser, K. Pantel, B.A. Foster, C.J. Dimitroff

Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): D. Hays, M.J. Opperman, K.C. Walley, M.M. Burdick, B.
M. Gillard, M.T. Moser, K. Pantel, B.A. Foster, KJ. Pienta, C.J. Dimitroff
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): S.R. Barthel, D. Hays, E.M. Yazawa, M.J. Opperman, K.
C. Walley, M.T. Moser, K. Pantel, KJ. Pienta, CJ. Dimitroff

Writing, review, and/or revision of the manuscript: S.R. Barthel, D. Hays, E.
M. Yazawa, K.C. Walley, L. Nimrichter, M.T. Moser, K. Pantel, B.A. Foster, KJ.
Pienta, C.J. Dimitroff

Administrative, technical, or material support (i.e., reporting or orga-
nizing data, constructing databases): S.R. Barthel, E.M. Yazawa, K.C. Walley,
CJ. Dimitroff

Study supervision: S.R. Barthel, B.A. Foster, CJ. Dimitroff

Acknowledgments
The authors thank Dr. Ronald Schnaar for supporting efforts in prostate
cancer glycolipid analyses (Johns Hopkins University, Baltimore, MD).

Grant Support

This work was supported by NIH/NCI grant (R01 CA118124; to C. Dimitroff),
NIH/NCCAM grant (RO1 AT004268; to C. Dimitroff), American Cancer Society
Postdoctoral Fellowship (10-227 to S. Barthel), NIH Kirschstein-NRSA Postdoc-
toral Fellowship (F32 CA144219-01A1; to S. Barthel), Dermatology Foundation
Research Grant (A050422 to S. Barthel), Fulbright/CAPES and CNPq to L.
Nimrichter, NIH/NCI grant (RO1 CA095367; to B. Foster), and Roswell Park
Cancer Institute and NIH/NCI grant (P30 CA016056).

The costs of publication of this article were defrayed in part by the payment of
page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

Received August 16, 2012; revised October 4, 2012; accepted October 24, 2012;
published OnlineFirst November 13, 2012.

7. Martensson S, Bigler SA, Brown M, Lange PH, Brawer MK, Hakomori
S. Sialyl-Lewis(x) and related carbohydrate antigens in the prostate.
Hum Pathol 1995;26:735-9.

8. Jorgensen T, Berner A, Kaalhus O, Tveter KJ, Danielsen HE, Bryne
M. Up-regulation of the oligosaccharide sialyl LewisX: a new prog-
nostic parameter in metastatic prostate cancer. Cancer Res 1995;
55:1817-9.

9. lIdikio HA. Sialyl-Lewis-X, Gleason grade and stage in non-metastatic
human prostate cancer. Glycoconj J 1997;14:875-7.

10. Mazo IB, Gutierrez-Ramos JC, Frenette PS, Hynes RO, Wagner DD,
von Andrian UH. Hematopoietic progenitor cell rolling in bone marrow
microvessels: parallel contributions by endothelial selectins and vas-
cular cell adhesion molecule 1. J Exp Med 1998;188:465-74.

11. Frenette PS, Subbarao S, Mazo IB, von Andrian UH, Wagner DD.
Endothelial selectins and vascular cell adhesion molecule-1 promote
hematopoietic progenitor homing to bone marrow. Proc Natl Acad Sci
U S A 1998;95:14423-8.

12. Katayama Y, Hidalgo A, Furie BC, Vestweber D, Furie B, Frenette PS.
PSGL-1 participates in E-selectin-mediated progenitor homing to
bone marrow: evidence for cooperation between E-selectin ligands
and alpha4 integrin. Blood 2003;102:2060-7.

Cancer Res; 73(2) January 15, 2013

Cancer Research

Downloaded from cancerres.aacrjournals.org on April 20, 2017. © 2012 American Association for Cancer

Research.


http://cancerres.aacrjournals.org/

Published OnlineFirst November 13, 2012; DOI: 10.1158/0008-5472.CAN-12-3264

Molecular Determinants for PCa Cell Breaching of BMEC

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Hidalgo A, Weiss LA, Frenette PS. Functional selectin ligands medi-
ating human CD34(+) cell interactions with bone marrow endothelium
are enhanced postnatally. J Clin Invest 2002;110:559-69.

Katayama Y, Hidalgo A, Peired A, Frenette PS. Integrin alphadbeta7
and its counterreceptor MAdCAM-1 contribute to hematopoietic pro-
genitor recruitment into bone marrow following transplantation. Blood
2004;104:2020-6.

Qian H, Tryggvason K, Jacobsen SE, Ekblom M. Contribution of alpha6
integrins to hematopoietic stem and progenitor cell homing to bone
marrow and collaboration with alpha4 integrins. Blood 2006;107:
3503-10.

Peled A, Kollet O, Ponomaryov T, Petit |, Franitza S, Grabovsky V, et al.
The chemokine SDF-1 activates the integrins LFA-1, VLA-4, and VLA-5
on immature human CD34(+) cells: role in transendothelial/stromal
migration and engraftment of NOD/SCID mice. Blood 2000;95:
3289-96.

Avigdor A, Goichberg P, Shivtiel S, Dar A, Peled A, Samira S, et al.
CD44 and hyaluronic acid cooperate with SDF-1 in the trafficking of
human CD34+ stem/progenitor cells to bone marrow. Blood
2004;103:2981-9.

Papayannopoulou T, Craddock C, Nakamoto B, Priestley GV, Wolf NS.
The VLA4/NVCAM-1 adhesion pathway defines contrasting mechan-
isms of lodgement of transplanted murine hemopoietic progenitors
between bone marrow and spleen. Proc Natl Acad Sci U S A 1995;
92:9647-51.

Cancelas JA, Lee AW, Prabhakar R, Stringer KF, Zheng Y, Williams DA.
Rac GTPases differentially integrate signals regulating hematopoietic
stem cell localization. Nat Med 2005;11:886-91.

Minato N, Kometani K, Hattori M. Regulation of immune responses and
hematopoiesis by the Rap1 signal. Adv Immunol 2007;93:229-64.
Fornaro M, Manes T, Languino LR. Integrins and prostate cancer
metastases. Cancer Metastasis Rev 2001;20:321-31.

Engl T, Relja B, Marian D, Blumenberg C, Muller I, Beecken WD,
et al. CXCR4 chemokine receptor mediates prostate tumor cell
adhesion through alpha5 and beta3 integrins. Neoplasia 2006;8:
290-301.

Loberg RD, Tantivejkul K, Craig M, Neeley CK, Pienta KJ. PAR1-
mediated RhoA activation facilitates CCL2-induced chemotaxis in
PC-3 cells. J Cell Biochem 2007;101:1292-300.

Loberg RD, Day LL, Harwood J, Ying C, StJohn LN, Giles R, etal. CCL2
is a potent regulator of prostate cancer cell migration and proliferation.
Neoplasia 2006;8:578-86.

Sun YX, Fang M, Wang J, Cooper CR, Pienta KJ, Taichman RS.
Expression and activation of alpha v beta 3 integrins by SDF-1/CXC12
increases the aggressiveness of prostate cancer cells. Prostate
2007;67:61-73.

Kukreja P, Abdel-Mageed AB, Mondal D, Liu K, Agrawal KC. Up-
regulation of CXCR4 expression in PC-3 cells by stromal-derived
factor-1alpha (CXCL12) increases endothelial adhesion and transen-
dothelial migration: role of MEK/ERK signaling pathway-dependent
NF-kappaB activation. Cancer Res 2005;65:9891-8.

Romanov VI, Goligorsky MS. RGD-recognizing integrins mediate
interactions of human prostate carcinoma cells with endothelial cells
in vitro. Prostate 1999;39:108-18.

Lang SH, Clarke NW, George NJ, Testa NG. Primary prostatic epithelial
cell binding to human bone marrow stroma and the role of alpha2betat
integrin. Clin Exp Metastasis 1997;15:218-27.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Scott LJ, Clarke NW, George NJ, Shanks JH, Testa NG, Lang SH.
Interactions of human prostatic epithelial cells with bone marrow
endothelium: binding and invasion. Br J Cancer 2001;84:1417-23.
Wang X, Ferreira AM, Shao Q, Laird DW, Sandig M. Beta3 integrins
facilitate matrix interactions during transendothelial migration of PC3
prostate tumor cells. Prostate 2005;63:65-80.

Wiese G, Barthel SR, Dimitroff CJ. Analysis of physiologic E-selectin-
mediated leukocyte rolling on microvascular endothelium. J Vis Exp
2009;24:1009.

Barthel SR, Johansson MW, McNamee DM, Mosher DF. Roles of
integrin activation in eosinophil function and the eosinophilic inflam-
mation of asthma. J Leukoc Biol 2008;83:1-12.

Barthel SR, Annis DS, Mosher DF, Johansson MW. Differential
engagement of modules 1 and 4 of vascular cell adhesion mole-
cule-1(CD106) by integrins alphad4betal (CD49d/29) and alphaMbeta?2
(CD11b/18) of eosinophils. J Biol Chem 2006;281:32175-87.
Thankamony SP, Sackstein R. Enforced hematopoietic cell E- and L-
selectin ligand (HCELL) expression primes transendothelial migration
of human mesenchymal stem cells. Proc Natl Acad Sci U S A
2011;108:2258-63.

Costache M, Apoil PA, Cailleau A, ElImgren A, Larson G, Henry S, et al.
Evolution of fucosyltransferase genes in vertebrates. J Biol Chem
1997;272:29721-8.

Weinberg RA. The Biology of Cancer. New York: Garland Science;
2007.

Taichman RS, Cooper C, Keller ET, Pienta KJ, Taichman NS, McCauley
LK. Use of the stromal cell-derived factor-1/CXCR4 pathway in pros-
tate cancer metastasis to bone. Cancer Res 2002;62:1832-7.

Sun YX, Wang J, Shelburne CE, Lopatin DE, Chinnaiyan AM, Rubin
MA, et al. Expression of CXCR4 and CXCL12 (SDF-1) in human
prostate cancers (PCa) in vivo. J Cell Biochem 2003;89:462-73.

Sun YX, Schneider A, Jung Y, Wang J, Dai J, Wang J, et al. Skeletal
localization and neutralization of the SDF-1(CXCL12)/CXCR4 axis
blocks prostate cancer metastasis and growth in osseous sites in
vivo. J Bone Miner Res 2005;20:318-29.

Inaba Y, Ohyama C, Kato T, Satoh M, Saito H, Hagisawa S, et al. Gene
transfer of alpha1,3-fucosyltransferase increases tumor growth of the
PC-3 human prostate cancer cell line through enhanced adhesion to
prostatic stromal cells. Int J Cancer 2003;107:949-57.

Sackstein R, Merzaban JS, Cain DW, Dagia NM, Spencer JA, Lin
CP, et al. Ex vivo glycan engineering of CD44 programs human
multipotent mesenchymal stromal cell trafficking to bone. Nat Med
2008;14:181-7.

Merzaban JS, Burdick MM, Gadhoum SZ, Dagia NM, Chu JT, Fuhl-
brigge RC, et al. Analysis of glycoprotein E-selectin ligands on human
and mouse marrow cells enriched for hematopoietic stem/progenitor
cells. Blood 2011;118:1774-83.

Nandi A, Estess P, Siegelman M. Bimolecular complex between rolling
and firm adhesion receptors required for cell arrest; CD44 association
with VLA-4 in T cell extravasation. Immunity 2004;20:455-65.
Weninger W, Ulfman LH, Cheng G, Souchkova N, Quackenbush EJ,
Lowe JB, et al. Specialized contributions by alpha(1,3)-fucosyltrans-
ferase-IV and FucT-VIl during leukocyte rolling in dermal microvessels.
Immunity 2000;12:665-76.

Barthel SR, Gavino JD, Descheny L, Dimitroff CJ. Targeting selectins
and selectin ligands in inflammation and cancer. Expert Opin Ther
Targets 2007;11:1473-91.

www.aacrjournals.org

Cancer Res; 73(2) January 15, 2013

Downloaded from cancerres.aacrjournals.org on April 20, 2017. © 2012 American Association for Cancer

Research.

OF11


http://cancerres.aacrjournals.org/

Published OnlineFirst November 13, 2012; DOI: 10.1158/0008-5472.CAN-12-3264

AAC American Association
for Cancer Research

Cancer Research

The Journal of Cancer Research (1916-1930) | The American Journal of Cancer (1931-1940)

Definition of Molecular Determinants of Prostate Cancer Cell
Bone Extravasation

Steven R. Barthel, Danielle L. Hays, Erika M. Yazawa, et al.

Cancer Res Published OnlineFirst November 13, 2012.

Updated version  Access the most recent version of this article at:
doi:10.1158/0008-5472.CAN-12-3264

Supplementary  Access the most recent supplemental material at:
Material http://cancerres.aacrjournals.org/content/suppl/2012/11/13/0008-5472.CAN-12-3264.DC1

E-mail alerts Sign up to receive free email-alerts related to this article or journal.

Reprints and To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Subscriptions Department at pubs@aacr.org.

Permissions To request permission to re-use all or part of this article, contact the AACR Publications
Department at permissions@aacr.org.

Downloaded from cancerres.aacrjournals.org on April 20, 2017. © 2012 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/lookup/doi/10.1158/0008-5472.CAN-12-3264
http://cancerres.aacrjournals.org/content/suppl/2012/11/13/0008-5472.CAN-12-3264.DC1
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
mailto:permissions@aacr.org
http://cancerres.aacrjournals.org/

