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EGFRLigand Switch in Late Stage ProstateCancer
Contributes toChanges inCell Signaling and

BoneRemodeling
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BACKGROUND. Bone metastasis occurs frequently in advanced prostate cancer (PCa)
patients; however, it is not known why this happens. The epidermal growth factor receptor
(EGFR) ligand EGF is available to early stage PCa; whereas, TGF-a is available when PCa
metastasizes. Since the microenvironment of metastases has been shown to play a role in the
survival of the tumor, we examined whether the ligands had effects on cell survival and
proliferation in early and late PCa.
METHODS. We used LNCaP cells as a model of early stage, non-metastatic PCa and the
isogenic C4-2B cells as a model of late stage, metastatic PCa.
RESULTS. We found that the proliferation factor MAPK and the survival factor AKT were
differentially activated in the presence of different ligands. TGF-a induced growth of C4-2B cells
and not of the parental LNCaP cells; however, LNCaP cells expressing a constitutively active
AKT did proliferate with TGF-a. Therefore, AKT appeared to be the TGF-a-responsive factor for
survival of the late stage PCa cells. LNCaP cells exposed to EGF produced more osteoprotegerin
(OPG), an inhibitor of bone remodeling, than C4-2B cells with TGF-a, which had increased
expression of RANKL, an activator of bone remodeling. In concordance, TGF-a-treated C4-2B
conditioned medium was able to differentiate an osteoclast precursor line to a greater extent
than EGF-treated C4-2B or TGF-a-treated LNCaP conditioned media.
CONCLUSION. The switch in EGFR ligand availability as PCa progresses affects cell survival
and contributes to bone remodeling. Prostate 69: 528–537, 2009. # 2009 Wiley-Liss, Inc.
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INTRODUCTION

Prostate cancer (PCa) is the most commonly diag-
nosed cancer of American men. The majority of men
with advanced PCa will develop bone metastases to a
greater extent than soft tissue metastases. Metastases to
the skeleton significantly decrease a patient’s quality of
life by weakening the bone and causing fractures and
nerve damage. The mechanisms that account for the
predisposition of PCa to metastasize to bone are not
well defined.

Epidermal growth factor receptor (EGFR) is an
erbB-family receptor tyrosine kinase found on cells of
epithelial origin. EGFR binds many different ligands
including EGF, transforming growth factor alpha
(TGF-a), beta cellulin, heparin-binding EGF-like factor

(HB-EGF), epiregulin, and amphiregulin [1]. Several
studies looking at protein or RNA expression in PCa
progression [2–7] have shown that EGF is the predom-
inant EGFR ligand found in early, localized PCa. As the
disease progresses to more advanced stages, TGF-a
is more abundant than EGF due to the increase in
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availability of TGF-a and decrease in EGF. A reason for
the shift in the availability of the ligands has not been
elucidated.

Since TGF-a is readily available at later stages of PCa,
when PCa metastasizes to bone, we hypothesized that
TGF-a binding to EGFR contributes to PCa bone
metastases. To test the effects of the ligand shift on
the ability of PCa cells to initiate tumors in bone, we
used a physiologically relevant human PCa system
consisting of the cell lines LNCaP and C4-2B (reviewed
in [8]). We chose to use these two cell lines in our studies
since they are isogenic, LNCaP cells do not grow in
bone where C4-2B cells do, and the cells are not grown
as xenografts, which, in our hands, are difficult to grow
in bone possibly due to cell damage caused by the
dissociation process. LNCaP cells are considered early
stage human PCa cells with a minimal ability to
metastasize in mice. C4-2B cells are a sub-line of the
LNCaP cells isolated from a spontaneous metastasis to
bone in mice, have a propensity to establish bone
metastases in mice, and are considered advanced PCa.
We used these two PCa cell lines to test the hypothesis
that intracellular signals and bone remodeling proteins
are differentially activated by EGF compared to TGF-a
affect PCa bone metastasis.

Even though EGFR is over-expressed and constitu-
tively active in a variety of tumors [9] and about 30% of
PCa patients have EGFR over-expression, many have
speculated based on one clinical trial that EGFR does
not play a physiologic role in PCa. Clinical trials with
gefitinib, an EGFR-specific small molecule inhibitor,
have shown no efficacy towards PCa. These data have
left some to speculate that EGFR has no role in clinical

PCa. However, Shah et al. [10] have shown that EGFR
over-expression is strongly associated with advanced
PCa but is not associated with any one metastatic site.
Along with the data from Shah et al. [10], preclinical
and retrospective clinical data [11–21] indicate that
EGFR over-expression plays a role in PCa aggressive-
ness which suggests that targeting EGFR should
provide a clinical benefit to PCa patients. The patients
in the gefitinib trial were not screened for EGFR over-
expression; therefore, a response in the patients that did
express EGFR may have been easily over looked.
Concordant with our hypothesis, erlotinib, an EGFR
and HER-2 small molecule inhibitor, has been shown to
have efficacy in lung cancer where gefitinib has failed
[22]. However, the data from a pilot trial for erlotinib in
PCa had unclear results [23]. Because of the inherent
inadequacies in the gefitinib trial and differences
between known EGFR inhibitor efficacies in other
cancers, EGFR inhibitors require further study for the
treatment of PCa.

RESULTS

To validate that TGF-a is expressed in human
osseous lesions of PCa and in bone in our mouse model
system, both clinical tissues from the University of
Michigan Rapid Autopsy Program [24] and tissues
obtained from mice harboring PCa tumors from either
orthotopically or intratibially injected C4-2B cells were
stained for TGF-a (Fig. 1); antibodies to EGF useful for
immunohistochemical studies were not available. Both
the human and mouse normal bone had small, distinct
regions of TGF-a staining, and TGF-a was found on the
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Fig. 1. The C4-2B cell line is a goodmodel for study of advancedprostate cancer.Tissue from the humanrapid autopsy program (top row),
tibiae-injected(boneandbonemet),andorthotopicallyinjected(prostateandsofttissuemet)C4-2Bcells(bottomrow)wasstainedforTGF-a.
TGF-awas foundinnormalboneindistinctplaces,delineating thebonefromthebonemetastasis (arrowsindicateinterface), in thebonemeta-
static tumor, in the epithelial cells of the prostate, and in soft tissue metastases in both human and mouse model samples. Inset in model
prostate sectionshowsincreasedTGF-a inabnormalarea ofglandularepithelialcells.
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interface that delineated the bone surface from PCa
tumors. In contrast, soft tissue and bone metastases
showed a diffuse staining in both human and mouse.
Both the human and mouse normal prostate had little
staining except in areas of increased epithelial cell
density (Fig. 1, inset). The staining was virtually
identical between the human and mouse sections
demonstrating that our model system recapitulates
the human condition.

To investigate a functional role for TGF-a in PCa, we
first determined that EGFR was present on our model
cells, LNCaP and C4-2B. Both cell types contained
physiological levels of EGFR (Fig. 2A) even after 24 hr
treatment with EGF or TGF-a. PCa cells were treated

with fresh serum-free medium containing ligand every
48 hr for 3, 5, or 8 days and used for attachment-
dependent growth assays. The LNCaP cells could only
utilize EGF and ceased to grow in serum-free medium
containing TGF-a (Fig. 2B). In contrast, C4-2B cells
utilized both of the ligands for growth (Fig. 2C). The
attachment-dependent growth assay data suggest that
the EGFR ligand switch affects cell proliferation.

Cell proliferation and survival is controlled by cell
signaling, which can originate from receptors on the
cell surface. When EGFR binds ligand, the receptor
differentially transautophosphorylates selected tyro-
sines in the cytoplasmic tail. The resulting tyrosine
phosphorylation pattern determines which pathways
are activated. To determine differential EGFR phos-
phorylation among the LNCaP and C4-2B cells in the
presence of EGF and TGF-a, we used multiplex
Western blotting technology (Fig. 3A). Y1068, the
Grb2 binding site, was heavily phosphorylated in
LNCaP cells in the presence of EGF but was minimally
phosphorylated in the presence of TGF-a, consistent
with the LNCaP cells being able to proliferate in EGF
and not in TGF-a. Interestingly, EGFR in C4-2B cells
in the presence of TGF-a had phosphorylated Y1068,
but EGFR from C4-2B cells in EGF did not; even though,
C4-2B cells could proliferate in EGF suggesting another
proliferation mechanism not investigated here.

Phosphorylated Y1068 on EGFR binds to the adapter
molecule Grb2. Grb2 can then activate the Ras-Raf-
MAPK pathway. MAPK is generally thought to be a
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Fig. 2. C4-2Bcells canutilizeTGF-a forgrowth,LNCaPcells can-
not.A:WesternblotofLNCaPandC4-2Bcells treatedwithEGF or
TGF-a probed for EGFR.B: Attachment-dependent growth assay
ofLNCaPcells treatedwithEGF orTGF-a.Cellswereplated, left for
24hr,thentreatedatregularintervalswithEGForTGF-a.Cellcounts
weretakenontheindicateddays.C:Attachment-dependentgrowth
assay of C4-2B cells treated with EGF orTGF-a.Cells were plated,
leftfor24hr,thentreatedevery48hrwithfreshserum-freemedium
containing EGF or TGF-a. Cell counts were taken on the
indicateddays.

Fig. 3. Different EGFR ligands cause differential cell signaling.
A:Multiplex westernblotofEGFRimmunoprecipitations fromC4-
2B or LNCaP cells treated with different ligands were probed for
phosphorylation on cytoplasmic tyrosines.1.Y845 (Src binding), 2.
Y992 (PLCg binding), 3.Y1045 (Cblbinding),4.Y1068 (Grb2binding),
5.EGFR.B: Westernblotof C4-2B cells treated with EGF orTGF-a
andprobedforphospho-p42/44MAPKandp42/44MAPK.

530 DeHaan et al.



proliferation factor [25,26]. To verify that MAPK was
indeed activated as suggested by the multiplex EGFR
phosphorylation data, C4-2B cells treated with EGF or
TGF-a were probed for MAPK and activated MAPK.
The amount of phosphorylated MAPK was undetect-
able in our low passage (p17) LNCaP cells, even when
the cells were stimulated with EGF (data not shown).
Concordant with our EGFR phosphorylation data, we
observed an increase in activated MAPK in C4-2B cells
treated with TGF-a compared to untreated cells or
to C4-2B cells treated with EGF (Fig. 3B). Even though
C4-2B cells did not have phosphorylation of Y1068 on
EGFR in the presence of EGF, MAPK is still activated in
these cells, indicating another mechanism for MAPK
activation.

To identify other pathways that could play a role in
PCa cell survival in the bone, we conducted a multiplex
western screen for activation of 20 potential signaling
molecules (data not shown). We identified five proteins
which were differentially expressed or activated
between LNCaP cells in EGF versus C4-2B cells which
had been incubated with TGF-a (Table I). We did find
proteins that were differentially activated in the same
cells that were treated with different ligands, but since
we were interested in the differences present in early
stage PCa versus late stage PCa, here we report only the
differences between LNCaP cells in EGF versus C4-2B
cells in TGF-a. Among the proteins found to have
differential activation was AKT. AKT is a serine/
threonine kinase that plays a role in cell survival [27].
To verify the multiplex results, we ran conventional
western analyses for AKT and phospho-S473-AKT
(Fig. 4A). LNCaP cells in the presence of EGF had 57%
less AKT activity (by serine 473 phosphorylation) than
LNCaP cells without EGFR ligand supplementation
(control). C4-2B cells in the presence of TGF-ahad 249%
more AKT activity compared to control. Thus, the
survival factor AKT is activated in metastatic cells with
late stage ligand. These data suggest that survival of

PCa metastases is facilitated by TGF-a-mediated EGFR
activation of AKT.

To determine if AKT was the factor that enabled the
C4-2B cells to survive in TGF-a, we transfected LNCaP
cells with a constitutively active form of AKT, Myr-
AKT [28]. We confirmed the increased activation of
AKT in the Myr-AKT expressing cells by western blot
analysis probed for phospho-S473 AKT (Fig. 4B). We
then subjected the Myr-AKT expressing cells and the
vector-only control cells to attachment-dependent
growth assays. The cells were plated, treated every
48 hr with EGF or TGF-a in fresh serum-free medium,
and counted on days 3 and 5 after plating (Fig. 4C).
Since the cells with the vector and the cells with Myr-
AKT had vastly different plating efficiencies (data not
shown), we compared the differences in cell growth on
the 5th day to the plating efficiency (Fig. 4D). LNCaP
cells expressing constitutively active AKT were able to
grow in the presence of TGF-a (Fig. 4C), unlike the
parental cells (Fig. 2B). Control-transfected LNCaP
cells were unable to grow in TGF-a, similar to the
parental cells (Fig. 2A). Student’s t-test showed that the
Myr-AKT cells in TGF-a had increased proliferation
capacity compared to cells containing vector and
treated with either EGF or TGF-a (P¼ 0.002 and 0.013,
respectively). A Student’s t-test also showed that the
Myr-AKT cells grow just as well in EGF as in TGF-a
(P¼ 0.55); therefore, constitutively active AKT con-
ferred the ability to grow in response to TGF-a upon
the LNCaP cells. We attempted to do the reciprocal
experiment: knocking out AKT in C4-2B cells using
shRNA to AKT and subjecting them to attachment-
dependent growth assay analysis. However, C4-2B
cells with a blockage of AKT died at the first passage, so
the experiment was not done (data not shown).

Since TGF-a is present during late stage PCa and
late stage PCa metastasizes primarily to the bone, we
determined if TGF-a influenced the ability of C4-2B
to remodel bone. We conducted multiplex western
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TABLE I. Proteins Differentially Regulated by Signaling Pathways Initiated by EGFR Ligands as Determined by Multiplex
WesternAnalysis

Cells plus ligand

Cell signaling proteins Bone remodeling proteins

AKT p-PDK1a
p-PKC
panb

p-PKC
a/bc

p-PKC
dd RANKL OPG SMAD1 SMAD5 SMAD8

LNCaP/EGF � � � þ þ � þ þ þ �
C4-2B/TGF-a þ þ þ � � þ � þ � þ

The plus symbol indicates presence on multiplex western blot.
aSerine 241.
bSerine 660.
cThreonine 410/403.
dSerine 643.
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analysis to screen for differences in bone remodeling
proteins between LNCaP in EGF versus C4-2B in TGF-a
(data not shown). We identified five proteins that
were differentially expressed (Table I). Two of the

differentially expressed proteins were the receptor
activator of NFkB ligand (RANKL) and osteoprote-
gerin (OPG). In bone remodeling, osteoblast cells make
new bone and release RANKL which binds to its
receptor, RANK, on osteoclast precursors causing the
cells to mature and absorb bone [29]. OPG is a soluble,
decoy RANKL receptor which controls the effects of
RANKL [30].

To verify the multiplex results, we conducted
conventional western analysis for OPG and RANKL
(Fig. 5A,B). There was a 44% decrease of RANKL in
LNCaP cells plus EGF and a 163% increase with C4-2B
plus TGF-a. Concordant with the RANKL data, there
also was a 115% increase of OPG with LNCaP cells plus
EGF and a 54% decrease of OPG in C4-2B cells plus
TGF-a. Therefore, the most RANKL and the least OPG
were expressed by C4-2B cells in the presence of TGF-a
and the least RANKL and the most OPG were
expressed by LNCaP in the presence of EGF. These
data show that the early stage cells (LNCaP) with the
early stage ligand (EGF) produced more inhibitor of
bone remodeling (OPG) than bone metastatic cells
(C4-2B) with late stage ligand (TGF-a), which produced
more activator of bone remodeling (RANKL).

Our data showed that EGFR ligands affected the
expression of proteins that have effects on osteoclast
differentiation, suggesting that early stage ligands
trigger a blocking response to osteolytic bone remodel-
ing and late stage ligands enhance osteoclast differ-
entiation. Thus, we determined if conditioned medium
from the cell lines that were grown with the different
ligands could drive osteoclast differentiation. C4-2B
cell medium from the TGF-a treatment mediated the
highest level of osteoclast differentiation as seen by
TRAP stain (P¼ 0.02); whereas, the cells treated with
conditioned medium from EGF-treated LNCaP cells
showed the least amount of differentiation (P¼ 0.08)
(Fig. 5C,D). The TRAP experiment was repeated
four times with the same trends, the most TRAP
staining was seen with TGF-a treated C4-2B cells, but
with different overall numbers, making the errors seem
larger than they were. Taken together, our data suggest
that late stage PCa cells with late stage ligand are able to
drive bone remodeling.

DISCUSSION

About 30% of PCa patients have EGFR over-
expression, which correlates with PCa progression
[10]. Preclinical and retrospective clinical data
[10–15,17–21] indicate that EGFR plays a role in PCa
progression. Thus, we were interested in the effects of
EGFR ligands on PCa progression, specifically in bone
metastases, which occurs in almost 80% of advanced
stage PCa patients [31]. TGF-a is available to late stage
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Fig. 4. AKTactivationpromoteslate stagePCacellproliferation.
A: Protein blots of whole cell lysate proteins from LNCaP and C4-
2BcellstreatedwithEGForTGF-aprobedforphosphorylatedserine
473 on AKT (top) and total AKT (bottom). Amounts of phospho-
AKTrelative to controlaregivenbelow theblots.‘‘Control (Con)’’ is
thecellsinserum-freemediumwithoutsupplementedEGFRligands.
B: Protein blot of proteins from LNCaP cells containing constitu-
tively active AKT (Myr-AKT) or vector (pTP) probed for AKT.
Relative amounts of phospho-AKT are given below the blots.
C: Attachment-dependentgrowth assay of LNCaP cells containing
constitutivelyactiveAKT(Myr-AKT)orvector(pTP)inthepresence
ofEGF orTGF-a.Cellswereplated, left for24hr, then treatedatreg-
ular intervals with EGF or TGF-a. Cell counts were taken on the
indicated days one (plating efficiency) and five. Since the plating
efficiencies for the vector-only (pTP) cells were vastly different
compared to the Myr-AKT cells, the differences in cell number
betweendays5and1aregraphedto show thedifferencesin thepro-
liferationrates.Experimentwasrepeatedtwice.Thedifferences for
Myr-AKTcellsinEGFversusMyr-AKTcellsinTGF-awerenotsignifi-
cant.TheP-valuewas<0.007for*PTPcellsinEGFversusPTPcellsin
TGF-a and Myr-AKT cells in EGF orTGF-a.The P-value was <0.02
for #PTPcellsversusMyr-AKTcellsinTGF-a.
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PCa when most late stage PCa metastasizes to the bone;
therefore, we determined if TGF-a played a role in PCa
survival and in bone remodeling. Here we have shown
that TGF-a binding to EGFR activates survival path-
ways such as AKT and MAPK and that bone metastatic
C4-2B PCa cells can utilize both TGF-a and EGF for
proliferation; whereas, non-metastatic LNCaP cells
could proliferate in EGF. The LNCaP proliferation data
suggest that EGF and TGF-a mediated-activation of
EGFR activate different intracellular signals. Since the
C4-2B cells in the presence of TGF-a can grow and have
activated AKT, we expressed a constitutively active

AKT in LNCaP cells. The LNCaP cells that contained
the constitutively active AKT could proliferate in the
presence of TGF-a. Taken together, the data presented
here suggest that AKT activation mediated by TGF-a
binding to EGFR allows advanced PCa cells to
proliferate. Since TGF-a is found in the bone, it is
conceivable that the bone TGF-a mediates PCa cell
survival and proliferation through activation of AKT.

We have also shown that TGF-a mediates the
release of the osteoclast differentiation factor RANKL;
whereas, EGF-mediated signaling releases OPG to
block osteoclast differentiation. Therefore, late stage
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Fig. 5. LNCaPcellswithEGF havemoreOPGandlessRANKL;C4-2BcellswithTGF-ahavemoreRANKL andlessOPG.A:Proteinblotsof
proteins from PCa cells treated with either EGF orTGF-a probed for RANKL/actin (top) or OPG/actin (bottom).RANKL and OPG amounts
shownarerelativetoactinthenmaderelativetoLNCaPcontrol.B:GraphofrelativeamountsofRANKLandOPGtakenfromthedensitometry
calculationsinpanelA.C:TRAPstainonRAWcells treatedwithconditionedmedia fromLNCaPorC4-2Bcells thatwere treatedwithEGF or
TGF-a.UntreatedLNCaPandC4-2Bconditionedmediawereusedascontrols. Straight serum-freemediumwitheitherEGF orTGF-awasalso
usedandshowednoresponse.Experimentwasrepeated four times; arepresentative experimentis shown.D:Representativepictures froma
TRAP stain experiment.Cells were serum starved for 24 hr then incubated with ligand for 24 hr.Conditioned medium was placed on serum
starvedRAWcells for24hrbeforestaining.PicturedareRAWcellsinthepresenceofLNCaP/TGF-amedium(onleft)andC4-2B/TGF-amedium
(onright).Arrowspoint to someexamplesofTRAPpositive staining.
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cells with late stage ligand express factors which
promote a lytic reaction in bone and early stage cells
with early stage ligand express factors which block
lytic bone remodeling. In concordance with our bone
remodeling protein expression data, TGF-a-treated
C4-2B conditioned medium was able to promote
maturation of an osteoclast precursor cell line better
than EGF-treated C4-2B or TGF-a-treated LNCaP
conditioned media.

Taken together, our data show that TGF-a-treated
C4-2B cells can mature cells that break down bone.
However, C4-2B tumors in bone tend to be mostly
osteoblastic with a small lytic component. Hall et al.
[32–34] have put forth a model of bone metastasis in
which a lytic reaction may be needed to establish the
tumor before the osteoblastic reaction can occur.
Consistent with Hall’s model, we have shown that
soluble RANK (sRANK), an analog of OPG, can block
C4-2B-mediated bone remodeling in tibiae of mice by
blocking osteoclast-mediated bone destruction [35],
indicating that the lytic action of osteoclasts is
necessary for C4-2B bone metastasis formation. There-
fore, our data, which show that C4-2B cells in TGF-a can
force osteoclast differentiation, suggests that C4-2B
cells themselves produce the components necessary to
mediate the lytic reaction.

The vicious cycle model of tumor growth in bone
[36–38] states that the tumor cell releases parathyroid
hormone related protein (PTHrP) (Fig. 6). PTHrP then
causes the osteoblast precursors to mature and release
RANKL. RANKL binds to RANK on the surface of
osteoclasts, causing them to mature and reabsorb bone.
In areas of reabsorbed bone, TGF-a and other growth
factors are released. These growth factors are used

by the tumor cell to proliferate, and the cycle starts
again.

Our data suggest that the lytic reaction in C4-2B
tumor formation in bone is initiated by the tumor cells
themselves and not by osteoblast precursors. Thus, we
are putting forth a model where the apex of the vicious
cycle is the activation of EGFR by TGF-a which results
in the release of RANKL (Fig. 6), suggesting that
osteoclast differentiation is directly mediated by the
tumor cell in response to TGF-a. However, the source of
TGF-a is still in question. We have observed TGF-a
staining in normal bone, at the tumor bone interface,
and in the bone metastasis. We hypothesize that the
TGF-a utilized by the bone metastasis is present in the
microenvironment since TGF-a message is found in
LNCaP cells (data not shown); however, the question of
whether the TGF-a utilized by PCa cells is endoge-
nously or exogenously produced is the subject of
further studies.

Although 30% of PCa have EGFR over-expression,
our studies were obtained with cells that have normal
expression of EGFR. Therefore, our data indicate that
normal EGFR activation by TGF-a contributes to bone
metastasis and that over-expression of EGFR may
facilitate bone metastasis. Shah et al. [10] showed that
EGFR expression was strongly correlated with hor-
mone-refractory status. Since 80% of hormone-refrac-
tory PCa produce bone metastases, it is possible that
EGFR over-expression can drive bone metastases.

The data presented in this manuscript suggest
that PCa cells exposed to TGF-a are able to survive,
proliferate, and mediate remodeling in bone. The
involvement of EGFR in the initiation and survival
of PCa bone metastasis suggests that EGFR-specific
inhibitors should abrogate PCa bone metastasis. Based
on our data, we are now studying the use of shRNA to
EGFR and of EGFR inhibitors to inhibit PCa bone
metastases. If EGFR-specific treatments are successful,
use of EGFR inhibition in the clinic for bone metastatic
PCa will be an improvement over the current situation,
where bone metastases are incurable.

MATERIALSANDMETHODS

Cell Culture

LNCaP cells were grown in RPMI 1640 supple-
mented with 10% fetal bovine serum and 1x penicillin/
streptomycin. C4-2B cells, isolated from bone-metasta-
sizing LNCaP cells [39,40], were maintained in T-
medium (80% DMEM-20% Ham’s F12 (GIBCO), 5 mg/
ml insulin, 13.6 pg/ml triiodothyronine, 5 mg/ml
transferrin, 0.25 mg/ml biotin, 25 mg/ml adenine
(Sigma, St. Louis, MO), 1x penicillin/streptomycin
and 5% FBS). For experiments using growth factors,
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Fig. 6. Viciouscycleof tumormetastasisboneremodeling.Tumor
cellontheleftisinitiatingtheclassicboneremodelingviciouscycleas
described in the text.Tumor cell on the right has EGFR activation
byTGF-a initiating the vicious cycle at the point of the osteoclast
precursor asour findings suggest.

534 DeHaan et al.



cells were serum starved for 24 hr in Ham’s F-12
medium containing 0.1% bovine serum albumin,
0.5 mg/ml fungizone, 5 mg/ml gentamycin, 5 mM
ethanolamine, 10 mM HEPES, 5 mg/ml transferrin,
10mM T3, 50mM selenium, and 1mg/ml hydrocortisone.
One nanomolar TGF-a or 10 ng/ml EGF were added
for 24 hr after the serum starvation and before the
measurement.

Myr-AKT [28] expressing LNCaP cells were selected
in 0.5 mg/ml puromycin were grown in Ham’s F12
media supplemented with 0.1% bovine serum albumin,
0.5 mg/ml fungizone, 5 mg/ml gentamycin, 5 mM
ethanolamine, 10 mM HEPES, 5 mg/ml transferrin,
10 mM T3, 50 mM selenium, and 1 mg/ml hydrocortisone
and 5 mg/ml insulin. pTP cell [41] medium was the
same as Myr-AKT medium but was further supple-
mented with 10 ng/ml EGF.

IHC

Tissues were isolated as per protocols approved
by the University of Michigan Animal Care and Use
Committee and the University of Michigan Internal
Review Board. If necessary, tissues were decalcified in
Cal-Ex II (Fisher Scientific, Hampton, NH). All tissues
were paraffin embedded and histological sections were
stained for TGF-a (Catalog #905-579, Assay Designs,
Ann Arbor, MI).

Attachment-DependentGrowthAssays

Cells were plated at 1.0� 104 in triplicate in six-well
plates. Plating efficiencies were obtained 1 day after
plating, after which ligands, if appropriate, were
added. Cells were then counted three times over
the time course for the individual experiments. All cell
counts were performed using a Coulter model Z1
(Coulter Corporation, Miami, FL). All growth curves
were done in triplicate and repeated at least twice.

WesternAnalysis

Cells were lysed in a buffer containing 20 mM Tris–
HCl, pH 8.0, 137 mM NaCl, 1% NP-40, 10% glycerol,
1 mM Na3VO4, 1 mM PMSF, 1% aprotinin, and 20mg/ml
leupeptin. Protein concentrations were equalized using
the Løwry method. For whole cell lysates, Laemmeli
sample buffer was added and the samples were boiled.
Equal amounts of protein were separated by SDS–
PAGE. The proteins were blotted to PVDF membranes
and probed for AKT (Catalog #9272, Cell Signaling
Technologies, Danvers, MA) and phospho-AKT (Cata-
log #9271, Cell Signaling Technologies), p42/44 MAPK
(Catalog #9102, Cell Signaling Technologies) and
phospho-p42/44 MAPK (Catalog #4370, Cell Signaling
Technologies), RANKL (Catalog #5557-100, BioVision,

Mountain View, CA) and OPG (Catalog # 5312-100,
BioVision) or EGFR (Catalog #28-8763, Zymed/Invi-
trogen, Carlsbad, CA). All blots were repeated at least
twice.

MultiplexWesternAnalysis

Whole cell lysates were prepared as above. Lysates
were separated on 10%, one-well SDS–PAGE gels.
Proteins were blotted to PVDF, the membranes were
blocked, and the membranes were put into a Mini-
blotter 28 (Immunetics, Cambridge, MA) and probed
with EGFR-phosphorylation specific antibodies or with
20 different cell signaling antibodies that were obtained
as groups from Cell Signaling Technologies (Catalog
#9922 (EGFR); Catalog #9912, #9910, #9931, #9916).
Proteins were visualized by chemiluminescence
after secondary HRP antibody incubation.

TRAPStaining

RAW 264.7 cells were maintained in RPMI 1640
medium containing 10% FBS and antibiotics on non-
tissue culture coated plates. Cells were seeded onto
chamber slides (2 wells per slide) and fed with
conditioned media for 24 hr. Cells were stained
according to manufacturers instructions (Catalog #
387A-1KT, Sigma Chemical, St. Louis, MO). Briefly,
cells were fixed then stained with 1:1 mix of Fast Garnet
GBC Base solution and Sodium Nitrate Solution at 378C
for 1 hr. Slides were rinsed in dH2O and counterstained
with for 2 min with Hematoxylin Solution, Gill No. 3
then rinsed in tap H2O and viewed under a phase
microscope.
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