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FOXA2 promotes prostate cancer growth in the bone
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Abstract: Bone metastasis frequently occurs in advanced-stage prostate cancer (PCa) patients. Understanding the
mechanisms that promote PCa-mediated bone destruction is important for the identification of therapeutic targets
against this lethal disease. We found that forkhead box A2 (FOXA2) is expressed in a subset of PCa bone metasta-
sis specimens. To determine the functional role of FOXA2 in PCa metastasis, we knocked down the expression of
FOXA2 in PCa PC3 cells, which can grow in bones and elicit an osteolytic reaction. The PC3/FOXA2-knockdown cells
generated fewer bone lesions following intra-tibial injection compared to control cells. Further, we found that FOXA2
knockdown decreased the expression of PTHLH, which encodes PTHrP, a well-established factor that regulates bone

remodeling. These results indicate that FOXA2 is involved in PCa bone metastasis.
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Introduction

Micro/macro bone metastasis occurs in app-
roximately 90% of advanced PCa patients,
resulting in significantly increased likelihood
of morbidity and mortality [1-4]. Studies have
shown that 20-30% of heavily treated PCa pro-
gresses to neuroendocrine prostate cancer
(NEPCa) [5], the most aggressive form of this
common disease. NEPCa does not express
androgen receptor (AR) and is therefore unre-
sponsive to endocrine therapy. ldentifying the
genes that control the behavior of NEPCa in the
bone microenvironment can help increase our
understanding of NEPCa establishment in the
bone, leading to the identification of new tar-
gets and the development of new therapeutic
approaches to treat bone metastases.

FOXAZ2 is a forkhead transcription factor that is
expressed in NEPCa [6]. The FOXA transcription
factors were initially identified in liver tissues,
where they control liver-specific gene expres-

sion [7]. In the prostate, FOXA2 is expressed at
embryonic stages [8]. Its expression diminishes
after birth, but it is re-expressed in both human
and mouse NEPCa [6, 9]. In addition, it has
been shown that FOXA2, in cooperation with
HIF-1a, promotes the neuroendocrine differen-
tiation of PCa [10]. However, the functional role
of FOXA2 in NEPCa metastasis has yet to be
elucidated.

Unlike prostate adenocarcinomas, which stimu-
late new bone formation, NEPCa cells generate
predominantly osteolytic or mixed bone lesions.
Previous studies have well established that
Parathyroid Hormone-related Protein (PTHrP) is
a major player in mediating cancer-induced
osteoclastic bone resorption [11]. It has been
shown that several types of cancer including
neuroendocrine tumors produce high levels of
PTHrP, which binds to receptors expressed on
the osteoblasts and osteoclasts in the bone
microenvironment, resulting in increased bone
resorption and cancer growth [12, 13].
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In this study, we investigated the involvement
of FOXA2 in PCa bone metastases. We used
PC3 cells that express high levels of FOXA2 [9]
and PTHrP [9, 14], exhibit some features of
NEPCa [15], and can grow in bone [16]. We
established FOXA2 knockdown-PC3 cells and
assessed how reduced FOXA2 expression influ-
ences the establishment of PCa-mediated
bone lesions. We also examined FOXA2's regu-
lation of PTHrP. This study provides the first evi-
dence of the role of FOXA2 in regulating PTHrP
expression and promoting NEPCa bone meta-
stases.

Material and methods
Human specimens

Research using human specimens was con-
ducted following protocols approved by the
Institutional Review Boards at the University of
Washington, Vanderbilt University, and LSU
Health Shreveport. A tissue microarray (UW-
TMA22) consisting of de-identified human met-
astatic castrate-resistant PCa (CRPCa) speci-
mens was constructed using tissue samples
collected from 24 CRPCa patients who suc-
cumbed to disease. In total, the TMA consisted
of 128 metastatic sites with two 1 mm cores
for each site sampled.

Immunohistochemistry

Immunohistochemistry was conducted as
described previously [17]. Antigen retrieval was
carried by using microwave for 20 min in anti-
gen-unmasking solution (Vector Laboratories,
Burlingame, CA). Antibodies against FOXA2
(@b108422, 1:1000) were obtained from Ab-
cam, Cambridge, MA and synaptophysin (SYP, a
biomarker of NEPCa) (BD 611880, 1:500) from
BD Biosciences, San Jose, CA. Both the per-
centage of cells stained and the intensity of
nuclear FOXA2 or cytoplasmic SYP staining
were evaluated. The intensity of expression
was assessed on a scale of 0-3. The percent-
age of expression was assessed on a 0-10
scale such that O represented no staining and
10 represented staining of 200% of tumor cells.
An overall expression score (OES) was calculat-
ed as the product of the intensity and percent-
age of stained cells. OES was grouped as O, 1-2
and >3. Statistical analysis was performed by
using the Spearman correlation test and Co-
chran-Armitage Trend Test. P-value of <0.05
was considered statistically significant.
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Bioinformatics analysis

The expression levels of FOXA2 were extracted
from a RNAseq dataset containing 46 LuCaP
patient-derived PCa xenograft samples, includ-
ing 35 AR*/NE, 1 AR*"/NE, 8 AR/NE*, 1 AR*/
NE*, and 1 AR/NE PDXs. Chi-Square test was
conducted to analyze the differential expres-
sion of FOXA2 in different tumor groups.

Cell culture of prostate cancer cell lines and
establishment of PC3 FOXA2 knockdown cells

PC3 cells (authenticated by ATCC) were cul-
tured in RPMI 1640 supplemented with 10%
heat-inactivated fetal bovine serum (Atlanta
Biologicals, Flowery Branch, GA) and 1% peni-
cillin-streptomycin (Thermo Fisher Scientific,
Waltham, MA). To generate FOXA2 knockdown
cells, PC3 cells were infected with control or
shFOXA2 lentiviral particles (Sigma, St. Louis,
MO) and then cultured in media containing 10
pg/mL  puromycin. Stable knockdown cells
were maintained in 2.5 yg/mL puromycin-con-
taining media. Because FOXA2 knockdown effi-
ciency gradually decreased over long-term cell
culture, monoclonal lines were generated from
PC3/shFOXA2 cells. NeoTagl/FOXA2 overex-
pression cells were established as previously
described [17].

RNA isolation and real-time PCR

RNA was extracted using Purelink RNA Mini Kit
following manufacturer’s protocol (Ambion, Life
Technologies, Waltham, MA). For reverse tran-
scription, 1 pg of total RNA was used for cDNA
synthesis. Quantitative (q)-PCR was conducted
to assess mMRNA transcript levels of FOXA2
(Forward: 5-TGCCATGCACTCGGCTTCCA-3’ and
Reverse: 5-CCCAGGCCGGCGTTCATGTT-3’), hu-
man PTHrP (Forward: 5-ATCAACTTTCCGGAAG-
CAACCAGC-3’ and Reverse: 5-CCTTGTCATGG-
AGGAGCTGATGTT-3’), and mouse PTHrP (For-
ward: 5-AATGCATTGGGATCAAACTGTCT-3’ and
Reverse: 5-GCCTTGGCAAAAGGGAAAA-3’). Ge-
ne expression was normalized by GAPDH.

Western blot analysis

Cells were lysed in passive lysis buffer
(Promega, Madison, WI) and sonicated. Twenty
micrograms of total protein were used for
Western blot analyses. All antibodies were
used at a 1:1000 dilution. Chemiluminescence
signals were detected using x-ray film or pro-
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cessed in a Chemidoc Imaging System (Bio-
Rad, Hercules, CA). B-actin was used for
normalization.

Cell proliferation assay

IncuCyte ZOOM live cell imaging system (Essen
BioScience, Ann Arbor, MI) was used to assess
the cell proliferation. PC3/Control or PC3/
FOXA2-KD cells were seeded into 96-well plate,
500 cells/well. Images were taken every four
hours. Cell culture media were refreshed every
two days. All images were analyzed on the
Incucyte ZOOM Software with an appropriate
mask applied. Total area for each time point
was quantified; mean * standard deviation is
shown.

Chemotaxis assays

The IncuCyte Zoom live cell imaging system
(Essen BioScience, Ann Arbor, Ml) was used to
monitor and quantify the number of migrating
cells. PC3/Control or PC3/FOXA2-KD cells
(1:10%) were seeded in media containing 0.5%
FBS on collagen | (50 ug/mL)-coated ClearView
migration plate (Essen BioScience). The bottom
reservoirs contained cell culture media with
10% FBS. Live cell images of the bottom of the
chamber were taken every 2 hr. After 48 hours,
cell migration was quantified.

Animal maintenance, intratibial & subcutane-
ous injections

All the animal experiments were conducted fol-
lowing protocols approved by the IACUC of
Vanderbilt University or LSU Health Shreveport
in accordance with the NIH guidelines. Pooled
PC3/Control or PC3/FOXA2-KD cells (1-:10° cells
per graft) were injected into tibiae of SCID
intact male mice using an insulin syringe. Tumor
growth was monitored by weekly radiographs
for 5 weeks. For subcutaneous injection experi-
ment, PC3/Control or PC3/FOXA2-KD cells
(1:10% cells per graft) were mixed with Matrigel
(Corning Inc, Corning, NY) and injected into
mice subcutaneously. Tumor size was mea-
sured 7 days post inoculation, three times per
week for 3 weeks.

Chromatin immunoprecipitation assays

Chromatin immunoprecipitation was conduct-
ed using the EDM Millipore Magna ChIP kit
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(Burlington, MA) following the manufacturer’s
protocol. DNA was sheared using Bioruptor
(Diagenode, Denville, NJ) for 40 cycles on high,
producing approximately 200 bp length frag-
ments. Following reverse-crosslink of protein-
DNA complexes, and treatment with proteinase
K and RNase, DNA was purified by using Quick
DNA Isolation Kit (Qiagen, Germantown, MD).
Purified DNA was subjected to SYBR Green
gPCR. Primers for ChIP-PCR were designed
based on the ChlP-seq results available on the
Integrative Genome Browser [18]. There are
two FOXA2 binding sites in the regulatory region
of the PTHLH gene, designated as A2BS1 and
A2BS2. Primers were designed to cover both
FOXA2 binding sites. Primer sequences are
A2BS1 (Forward: 5-CTTGGAATCCGGTGGCAT-
CT-3” and Reverse: 5-CTGCGATCGCCAACTGTA-
AC-3’) and A2BS2 (Forward: 5-AGCCACTTGTA-
GCGAAACCC-3' and Reverse: 5-ACGACACA-
CGCACTTGAAAC-3’). FOXA2 enrichment was
normalized to IgG.

Statistical analysis

Statistical significance in the tumor formation
rate was compared using Chi-Square test.
Gene expression level and ChIP enrichment
were evaluated using a two-sided Student’s t
test and a p-value of 0.05 was considered sta-
tistically significant.

Results

FOXAZ2 is expressed in metastatic castrate-
resistant PCa and is correlated with synapto-
physin expression

Expression of FOXA2 was examined using a set
of TMAs consisting of castrate-resistant PCa
metastases from 24 patients. Out of the total
128 metastatic sites, 124 sites had sufficient
tissue for FOXA2 analysis. FOXA2 expression
was detected in 28 sites, including 6/29 lymph
node, 3/5 lung, 7/14 liver, 1/1 periaortic, and
11/75 bone metastases (Table 1). Out of the
128 sites, 104 samples had sufficient tissue
for both FOXA2 and synaptophysin (SYP) stain-
ing and were used to evaluate the association
of FOXA2 with SYP, a well-established marker
of NEPCa. FOXA2 and SYP were co-expressed
in 14/104 samples (13.46%), while FOXA2
expression alone was detected in 10/104
(9.62%) and SYP in 16/104 (15.38%) samples
(Table 2). Statistical analysis showed that
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Table 1. Tissue distribution of PCa metasta-
ses and FOXA2 expression in UMTMA22

FOXA2 FOXA2

negative  positive Subtotal
Bone 64 11 75
Lymph Node 23 6 29
Lung 2 3 5
Liver 7 7 14
Periaortic Mass 0 1 1
Total 124

Table 2. The expression of FOXA2 and synap-
tophysin (SYP) in UNTMA22

Frequency Percent
FOXA2 SYP 64 61.54
FOXA2 SYP* 16 15.38
FOXA2* SYP 10 9.62
FOXA2* SYP* 14 13.46
Total 104 100

FOXA2 expression was significantly correlated
with SYP expression (Spearman Correlation
Coefficient is 0.398, P<0.001). Examples of the
staining were shown in Figure 1.

To further validate the association of FOXA2
expression with neuroendocrine differentiation
in PCa, we analyzed the expression of FOXA2 in
a previously published RNAseq dataset that
consists of 46 LuCaP PCa patient-derived xeno-
grafts (PDXs) [19]. FOXA2 was detected in 6/8
AR/NE* LuCaP PDXs, but not in the double pos-
itive LuCaP 77CR PDX (AR*/NE*). Among the NE:
PDXs, FOXA2 was expressed in the double neg-
ative LuCaP 173.2 (AR/NE) and in 6/35 AR*/
NE PDXs albeit at lower levels, but not in the
AR"°"/NE LuCaP 176 PDX. Statistical analysis
indicates that FOXA2 expression is increased in
AR/NE* LuCaP PDXs, Chi-Square test, P<0.01.

Effects of FOXA2 knockdown on cell prolifera-
tion and chemotaxis

To study the functional involvement of FOXA2 in
PCa, we knocked down FOXA2 expression in
PC3 cells that express high levels of endoge-
nous FOXA2 [9]. Three single clones were
selected and designated as PC3/FOXA2-KD I,
-1, and -lll. While the knockdown resulted in
decreased expression of FOXA2 at both the
MRNA and protein levels (Figure 2A and 2B),
we did not observe significant effects on PC3
cell proliferation (Figure 2C). However, FOXA2
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knockdown inhibited PC3 cells invasion on col-
lagen | matrix (Figure 2D). Taken together,
these results indicate that FOXA2 is not likely
involved in the regulation of proliferation but
regulates the invasion of PCa cells.

FOXA2 knockdown decreases PCa-mediated
bone lesions

To evaluate the role of FOXA2 in the establish-
ment and growth of PCa cells in bones, PC3/
Control and PC3/FOXA2-KD cells were injected
into tibiae of SCID mice. Inoculation of PC3/
Control cells (n=5 tibiae) resulted in profound
osteolytic lesions in all the tibiae, whereas
injection of PC3/FOXA2-KD cells (n=5 tibiae)
resulted in visible osteolytic bone lesions in
only one tibia (Figure 3). H&E and immunohisto-
chemical staining analyses showed the pres-
ence of PCa cells in PC3/Control tibiae (Figure
4A-C) as well as the PC3/FOXA2-KD tibia that
demonstrated bone destruction (Figure 4D-F),
but not in the other PC3/FOXA2-KD tibiae that
did not have visible bone lesions (Figure 4G-I).
In the PC3/FOXA2-KD tibia that exhibited bone
lesions, the tumor cells in the bone retained
high FOXA2 expression (Figure 4E). Consistent
with the increased lytic bone lesions, tartrate-
resistant acid phosphatase (TRAP) staining
revealed the existence of active osteoclasts at
the surface of the bone lesions in both PC3/
Control and PC3/FOXA2-KD tibiae that showed
bone destruction (Figure 5). In a repeated
experiment, bone lesions were detected in 8/8
PC3/Control tibiae compared to only in 3/14
tibiae injected with PC3/FOXA2-KD (data not
shown). Statistical analysis indicated that
FOXA2 KD significantly reduced the tumor inci-
dence in bones (Chi-Square test, P<0.001).

Lastly, to determine whether FOXA2-mediated
change in tumor growth is a general or a bone-
specific mechanism, we also injected PC3/
Control and PC3/FOXA2 KD cells subcutane-
ously. In a 26-day time course, we observed no
significant growth differences between PC3/
Control and PC3/FOXA2-KD cells (Supple-
mentary Figure 1). This suggests that FOXA2-
promoted tumor growth is bone specific.

FOXA2 regulates the gene expression of
PTHLH

To explore the mechanisms by which FOXA2

knockdown affects PCa establishment in the
bone, we analyzed the expression of a set of
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liver met
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Figure 1. FOXA2 expression in metastatic PCa tissues. IHC staining of FOXA2
and synaptophysin was conducted on serial sections (A & B, C & D) derived
from tissue microarray (UWTMA22). (A and B) PCa metastases in liver. (C
and D) PCa metastases in bone. FOXA2 expression was detected in 28 sites,
including 6/29 lymph node, 3/5 lung, 7/14 liver, 1/1 periaortic, and 11/75
bone metastases. Statistical analysis (Spearman Correlation test) indicates
that FOXA2 expression has a significant positive correlation with SYP expres-

sion.

genes that are involved in cancer metastasis
and its interaction with tumor microenviron-
ment. Among the genes whose expression was
altered in the PC3/FOXA2-KD cells was PTHLH,
which encodes PTHrP, a well-established factor
involved in regulating bone remodeling [20].
RT-gPCR confirmed the decreased mRNA levels
of PTHLH in the FOXA2-KD cells (Figure 6A). To
further determine FOXA2's function in regulat-
ing the expression of PTHLH, we evaluated its
level in previously established NeoTagl/Foxa2
overexpression cells [17]. We found that ecto-
pic expression of FOXA2 induced PTHLH mRNA
levels (Figure 6B).

FOXA2 is a pioneer transcription factor; there-
fore, we evaluated whether FOXA2 is recruited
to the regulatory regions of PTHLH. The results
revealed enrichment of FOXA2 at both FOXA2-
binding sites (identified from publicly available
ChIP-Seq datasets) on the PTHLH regulatory
region in PC3/Control cells, but FOXA2 occu-
pancy was significantly decreased in PC3/
FOXA2-KD cells (Figure 6C, P<0.01, t-test).
Concurrent with the reduced FOXA2 binding,
binding of H3K27ac3, a histone mark for active
enhancers and promoters, and H3K4me3, a
mark for active promoters, were also signifi-
cantly decreased (Figure 6D, 6E, P<0.01,
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t-test). Together, these results
indicate that FOXA2 directly
regulates PTHLH expression
in PC3 cells.

Discussion

Bone metastasis is the most
critical complication of ad-
vanced PCa [1-4]. In this study,
we identified a previously
undefined role of FOXA2 in
PCa growth in bone. We found
that FOXA2 knockdown cau-
sed a significant decrease in
PCa PC3-mediated bone de-
struction in vivo following in-
tra-tibial injection. However,
FOXA2 knockdown did not sig-
nificantly affect the growth of
PC3 tumors when the cells
were injected subcutaneous-
ly, suggesting that reduced
tumor growth following FOXA2
knockdown is bone-specific.
To explore the mechanisms
through which FOXA2 promotes cancer-mediat-
ed bone lesions, we assessed the expression
of bone remodeling-related genes and found
that the mRNA levels of PTHLH decreased fol-
lowing FOXA2 knockdown. Additionally, we
found that over-expression of Foxa2 in mouse
prostate epithelial cells resulted in increased
PTHLH mRNA levels. Furthermore, ChIP assays
indicate that FOXA2 occupies the regulatory
region of PTHLH. These data suggest that
FOXA2 directly regulates the transcription of
this gene. PTHrP is a well-established factor
that regulates the turnover of bone tissue in
both normal physiology and cancer metasta-
ses. FOXA2's regulation of PTHLH expression
could provide a mechanism to promote PCa
cells’ interaction with the bone microenviron-
ment and facilitate PCa bone colonization.

The formation of metastatic lesions is an active
process involving reciprocal communication
between PCa cells and resident cellular ele-
ments (mainly osteoclasts and osteoblasts) in
the bone matrix [21]. PCa cells secrete factors
that stimulate bone resorption mediated by
osteoclasts [22, 23]. As osteoclasts resorb
bone matrix, they liberate growth factors to
support PCa growth and also stimulate osteo-
blasts to form new bone [24]. This results in a
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Figure 2. FOXA2 knockdown inhibits PC3 cell migration but not proliferation. A. RT-qPCR analyses were conducted
to assess the expression levels of FOXA2 in PC3/Control and PC3/FOXA2-KD cells. The PC3/FOXA2-KD cells dem-
onstrated reduced mRNA levels compared to the PC3/Control cells. B. Western blot analysis confirmed decreased
FOXA2 expression in PC3/FOXA2-KD cells. B-actin served as the loading control. C. Cell proliferation assays were
conducted using the IncuCyte zoom method. Pooled FOXA2 knockdown cells were used in this experiment. FOXA2
knockdown did not decrease the proliferation of PC3 cells. D. Chemotaxis assays. PC3/Control and PC3/FOXA2-KD
cells were seeded on collagen I-coated transwell inserts with 0.5% FBS-containing media in the top chamber and
10% FBS-containing media in the bottom wells. The bottoms of the collagen-coated inserts were imaged every two
hours to visualize the cells that had traversed. PC3/Control cells gradually migrated through the collagen | matrix
into the bottom wells, whereas PC3/FOXA2-KD cells could not do so. Error bars reported as standard deviation.

‘vicious cycle’ of bone destruction, tumor indicate that PC3/FOXA-KD cells have reduced
growth, and new bone formation. This process ability to migrate through collagen |, a major
is important for creating a ‘fertile’ environment component of the bone extracellular matrix
to support metastatic PCa cell survival. While [26]. This could also contribute to the interac-
several studies have found that the majority of tions between PCa cells and the bone
PCa bone metastases are osteoblastic, it is microenvironment.

now recognized that osteoclast activity is also

critical for creating a “fertile” environment to Our research reveals a pro-metastatic function
allow PCa cells to escape apoptosis and to opti- of FOXA2 in PCa. However, FOXA2 involvement
mize their survival, even in the case of osteo- in cancer appears to be organ-specific. FOXA2
blastic lesions [1, 25]. Furthermore, while pros- expression is associated with relapse in breast
tate adenocarcinomas mostly generate osteo- cancer [27], but FOXA2 has been shown to
blastic lesions, NEPCa cells predominantly have anti-cancer and anti-metastatic proper-
cause lytic bone destruction. Our discovery of ties in cancers arising from foregut derivatives
FOXA2’s regulation of PTHLH provides a mech- (lung, stomach, pancreas, and liver), where
anism through which NEPCa cells stimulate FOXA2 is involved in regulating cellular differen-
bone resorption, promoting successful bone tiation [28-32]. In PCa, FOXA2 is a biomarker of
colonization. Additionally, our chemotaxis data NEPCa and has been shown to promote NE dif-
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Figure 3. FOXA2 knockdown decreases PC3 cells’ ability to grow in bone. PC3/Control (n=5) and PC3/FOXA2-KD
(n=5) cells were injected into the tibiae of SCID mice. Animals were x-ray imaged weekly for 5 weeks and tumor
progression with bone destruction was monitored. PC3/Control cells grew in all the bones injected and generated
lytic bone lesions, whereas PC3/FOXA2-KD cells caused bone destruction in fewer tibia (Chi-Square test, P<0.001).

ferentiation [10] and sustain AR responsive
promoters in SV40 T-antigen-driven prostatic
tumor cells after androgen deprivation [17].
However, it has not been investigated previous-
ly whether FOXA2 has a functional role in
NEPCa metastasis. Our work provides evidence
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supporting FOXA2’s role in regulating PTHLH
expression and promoting NEPCa growth in the
bone.

FOXA2 is a well-established marker of NEPCa
[6, 9]. Our finding that the expression of FOXA2
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Figure 4. H&E and immunohistochemical staining of FOXA2 and pan-cytokeratin. (A-C) are serial sections derived
from a tibia injected with PC3/Control cells. (D-F) are serial sections derived from a tibia that was injected with PC3/
FOXA2-KD cells but demonstrated bone destruction. (G-l) are serial sections derived from a tibia that was injected

with PC3/FOXA2-KD cells and did not generate bone destruction.
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Figure 5. TRAP staining. (A and B) are images of a tibia injected with PC3/
Control cells and (C and D) are images of a tibia injected with PC3/FOXA2-KD
cells exhibiting bone lesions. (B and D) are higher magnification pictures of
(A and C), respectively. Positive TRAP staining was detected at the tumor/
bone interface of the tibiae that showed bone destruction in both PC3/Con-
trol and PC3/FOXA2 KD grafts.

of the NEPCa-Beltran RNAseq
dataset [33] indicates that
FOXA2 expression is associat-
ed with a NE phenotype [34].
Finally, analysis of the GSE-
3325 microarray data demon-
strates that FOXA2 is absent
in all benign and localized
prostate tissues but is detect-
able in 4 of 6 NEPCa tissues
[34]. Taken together, these
data indicate that the expres-
sion of FOXA2 correlates with
NE phenotype in PCa.

Finally, we found that approxi-
mately 15% of PCa bone me-
tastases express FOXA2 (Ta-
ble 2). This agrees with a pre-
vious report that approximate-
ly 14% of PCa bone metasta-
ses are NEPCa [35].

correlates with that of SYP is consistent with One limitation of this study is the use of a single
previous reports [6, 9]. Furthermore, analysis cell line. However, among the commonly used
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Figure 6. FOXA2 regulates the expression of PTHLH. A. RT-qPCR to assess the expression of PTHLH. The mRNA
levels of PTHLH is lower in PC3/FOXA2 knockdown cells. *P<0.01, t-test. Error bars reported as standard deviation.
B. RT-qPCR to assess the expression of PTHLH. FOXA2 over expression in mouse prostate prostatic epithelial cells
caused an increase in the mRNA levels of PTHLH. *P<0.05, t-test. Error bars reported as standard deviation. C-E.
Chromatin Immunoprecipitation analysis. ChIP assays were conducted by using PC3/Control and PC3/FOXA2-KD
cells. FOXA2 bound to both FOXA2 binding sites (A2BS1 & A2BS2) in the regulatory region of the PTHLH gene. Ad-
ditionally, H3K4me3 (histone mark of active promoters) and H3K27Ac3 (histone mark of active enhancers) were

enriched in the PTHLH regulatory regions. (*P<0.01, t-test).

PCa cell lines, PC3 is the only one that highly
expresses FOXA2. 22Rv1 cells express low lev-
els of FOXA2, which makes it difficult to assess
the effects of FOXA2 knockdown. Our conclu-
sion of FOXA2’s involvement in the establish-
ment of bone metastasis is supported by our
results demonstrating the expression of FOXA2
in clinical specimens.

In conclusion, we found that FOXA2 is expressed
in a subset of PCa bone metastases, regulates
the expression of PTHLH and promotes PCa
colonization in the bone.
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Supplementary Figure 1. PC3/Control and PC3/FOXA2-KD cells were inoculated subcutaneously in mice. The tumor
size was measured one-week post-injection, 3 times/week. No statistically significant changes were observed in the
tumor growth among the experimental groups. Error bars reported as standard deviation.



