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Abstract

NKX3.1 is a prostate specific homeodomain protein and tumor suppressor whose expression is
reduced in the earliest phases of prostatic neoplasia. NKX3.1 expression is not only diminished by
genetic loss and methylation, but the protein itself is a target for accelerated degradation caused by
inflammation that is common in the aging prostate gland. NKX3.1 degradation is activated by
phosphorylation at C-terminal serine residues that mediate ubiquitination and protein turnover.
Since NKX3.1 is haploinsufficient, strategies to increase its protein stability could lead to new
therapies. Here, a high throughput screen was developed using a sSiRNA library for kinases that
mediate NKX3.1 degradation. This approach identified several candidates of which DYRK1B, a
kinase that is subject to gene amplification and overexpression in other cancers, had the greatest
impact on NKX3.1 half-life. Mechanistically, NKX3.1 and DYRK1B were shown to interact via
the DYRK1B kinase domain. In addition, an in vitro kinase assay showed that DYRK1B
phosphorylated NKX3.1 at serinel85, a residue critical for NKX3.1 steady state turnover. Lastly,
small molecule inhibitors of DYRK1B prolonged NKX3.1 half-life. Thus, DYRK1B is a target for
enzymatic inhibition in order to increase cellular NKX3.1.

Implications—DYRKZ1B is a promising and novel kinase target for prostate cancer treatment
mediated by enhancing NKX3.1 levels.
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Introduction

Genetic studies commencing decades ago with karyotype analyses and currently represented
by whole genome sequencing have repeatedly and consistently implicated 8p21, the locus of
NKX3.1, as the most commonly disrupted genetic target of prostate cancer (1-4). NKX3.1 is
a prostate-specific homeobox gene that controls differentiation (5), epithelial cell growth (6),
and stem cell maintenance (7). In early prostate cancer, reduced levels of the
haploinsufficient NKX3.1 protein are seen in the majority of prostate cancers (8). The
degree of protein loss in primary prostate cancer cells is related to Gleason grade, suggesting
that prostate cancer phenotype is, to some degree, under control of NKX3.1. During prostate
cancer progression there is selective pressure to decrease NKX3.1 expression further (9).
NKX3.1 protein loss is mediated by several mechanisms including genetic loss, gene
methylation, and posttranslational modification (8). For example, phosphorylation at serine
185 controls NKX3.1 steady state turnover by signaling ubiquitination and subsequent
degradation in the proteasome (10). However, NKX3.1 protein is further destabilized by
inflammation that releases cytokines causing phosphorylation at serine 196 and markedly
decreasing protein half-life. Thus, inhibition of the kinases that trigger protein degradation
can increase intracellular NKX3.1 levels and may mediate growth inhibition and
differentiation of prostate cancer.

Hypothesizing that kinase inhibition could affect NKX3.1 levels and thereby impact prostate
cancer therapy, a kinase siRNA library was screened to select kinases that could affect
cellular levels of NKX3.1. Of 720 kinase candidates, seven were found after two rounds of
library screening consistently to elevate NKX3.1 levels. As a confirmation of on-target
effects, the SIRNAs were shown actually to knock down their cognate targets. Among the
final candidates, DYRK1B a developmentally important kinase (11), that has been
implicated in cell cycle control (12, 13) and cancer (14-16), had the greatest effect on
NKX3.1. DYRK1B interacted directly with the prostate suppressor protein and
phosphorylated a key residue that signaled protein degradation. Moreover, pharmacologic
inhibition of DYRK1B stabilized NKX3.1 protein in cultured cells demonstrating an
interaction that should be explored by preclinical development.

Materials and Methods

Cells and culture

The human prostate cell lines LNCaP and HEK (human embryonic Kidney)-293T cells were
cultured in modified IMEM (improved minimum essential medium; Invitrogen)
supplemented with 5% FBS (fetal bovine serum) at 5% CO, and 37°C. For establishment of
stable sublines of LNCaP Cells expressing PL-N-NKX3.1, LNCaP cells were transfected
with PL-N-NKX3.1 and selected in the presence of 500 pg/ml G418. Individual clones were
picked up and cultured for expansion. Expression of PL-N-NKX3.1 was verified by western
blotting analysis with anti-NKX3.1 antibody. Clone 7 (PLNKX7) was used for this
experiment.
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Kinase Inhibitors

Plasmids

Compounds NCGC00185981, NCGC00185963, NCGC00185976, and NCGC00185984
were provided by Craig Thomas, National Cancer Institute, Bethesda, MD. Compound A
(16) was purchased from Calbiochem. Compound 39621, a MARK inhibitor, was purchased
from EMD Millipore.

Mammalian expression vector encoding full-length human NKX3.1 (pCMV-MYC-NKX3.1)
with MY C tag has been reported previously. Flag-tagged murine DYRK1B cloned in
p3XFlag-CMV7.1 was provided by Dr. Miyata of Kyoto University, Japan (17). The
ProLabel-NKX3.1 fusion construct (PL-N-NKX3.1) was produced by cloning the PCR-
amplified full-length NKX3.1 in-frame with the ProLabel-N vector (Clontech). The NKX3.1
fragment was obtained by PCR amplification with pCMV-MY C-NKX3.1 as template using
PCR primers that introduce an EcoRI and BamHI sites. PCR products were digested,
purified and subcloned into the EcoRI/BamHI sites of ProLabel-N. The construct was
confirmed by direct sequencing.

ProLabel is a small (about 6 kDa) tag that is capable of producing a strong
chemiluminescent signal via an enzyme complementation assay. The ProLabel tag allows
direct detection of tagged protein of interest in a high throughput screening.

Chemiluminescent assays

Chemiluminescent detection high throughput 96-well homogeneous assays were performed
with ProLabel Detection Kit Il (Clontech) according to the protocol provided by
manufacturer. Briefly, cells in 96-well plates were lysed in their culture medium by adding
Lysis/CL Working Solution. 20 ul of EA reagent were added to each sample and incubated
at room temperature for 1 hour. Chemiluminescent signals were measured with a plate
reader.

High Throughput siRNA Screening

The human kinase siRNA Set V4.1, in a 96-well microtiter plate format, which targets 720
human kinases genes, was purchased from Qiagen. siRNA and transfection reagent
concentrations, the transfection method and efficiency in LNCaP cells were optimized prior
to the high throughput screen (Fig. 2, for example). For first-round screening, the master
plate collections consisted of four non-overlapping duplex siRNAs to each target gene;
aliquots from the four sets were pooled into one master plate. Each plate consisted of three
negative-universal sSiRNA control came together with the original master plates. These
negative controls were AllStars negative control (Cat 1027280), negative siRNA control
(Cat 1022076) and siRNA control against GFP. As a positive control 20 nM NKX3.1 siRNA
was included. In addition, eight wells per plate were used as mock transfection control. For
SiRNA screening, 1 uL of combined siRNAs were aliquoted into 96-well plates, mixed with
2 UL of Lipofectamine RNAIMAX (Invitrogen) which has been diluted by 10-fold with
Opti-MEM right before the experiments. 18 pL of Opt-MEM were then added to each well
and mixed gently and incubated at room temperature for about 20 min. Reverse transfection
was performed by dispensing PLNKX7 cells (8000 cells in 80 pL) into each well. The final
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volume per well was 100 pL and contained a final concentration of 25 nM for each sSiRNA
from the four duplexes for each target. Each plate was transfected in duplicate at different
times to deduce reproducible inhibition. After 72 hours cells were exposed to 100 pg/ml
cycloheximide for 60 min. Half of mock transfections (four wells each plate) and NKX3.1.
siRNA controls were treated with DMSO.

The second round screening was limited to 43 candidate sSiRNAs based on Z-score ranking.
Each four specific sSiRNAs of these target genes were separately transfected into LNCaP-
PLNKX7 cells in 96-well plates as stated above and treated with cycloheximide for 1 hour
before chemiluminescent assay. From the second-round screening, we selected 10 candidate
siRNAs for which we designed four custom individual siRNAs per gene (Dharmacon,
SMARTpool) that were used for final validation in LNCaP cells by directly assaying
endogenous NKX3.1 by immunaoblot.

The screening data were normalized using the standard Z-score method by correcting the
raw data of chemiluminescent signals for plate row variation, and then normalizing and
pooling data from all assay plates. The assumption of the screening is that the majority of
the siRNAs are non-hits and the null distribution is normal (18). All the cells transfected
with kinase siRNAs and half of the mock transfected cells were treated with cycloheximide
for 60 min and half of the mock transfected cells (three wells) were treated with DMSO
control. Since the chemiluminescent signals in DMSO-treated cells were about 2 fold higher
than that in cycloheximide-treated cells, signal readings in DMSO-treated cells (three wells)
were excluded when we calculated the averages of the readings. A Z-score cutoff of 1.42,
corresponding to a p < 0.05, was used to select the candidates for our second-round
screening. In addition, to utilize the capacity of the microtiter plate, the total number of
samples subjected to secondary screening was increased to 43.

In vitro DYRK1B kinase assay—GST-DYRK1B was purchased from Life
Technologies (Carlsbad, CA). His-NKX3.1 was prepared as described previously. In vitro
kinase assay was performed according to the assay conditions reported previously (19, 20).
Briefly, 200 ng GST-DYRK1B was incubated with 300 ng His-NKX3.1 for 30 min at 30°C
in 10 pl kinase buffer (25 mM Hepes pH 7.4, 5 mM MgCl,, 0.5 mM dithiothreitol) in the
presence of 250 uM ATP. For dynamic and DYRK1B dose-dependent analyses, in vitro
kinase assays were also performed with increasing concentrations of GST-DYRK1B (up to
200 ng per reaction) for different times (from 5 min to 120 min). Reactions were separated
on SDS-PAGE containing 25 uM Phos-tag and 50 pM MnCl, and transferred onto
nitrocellulose membrane. Western blot analysis was performed with rabbit NKX3.1
antibody.

In vivo DYRK1B kinase assay—293T cells were plated onto 100 mm dishes and
cotransfected with pcDNA3.1-NKX3.1 with either Flag-mDYRK1B or pcDNA3.1. Cells
were harvested and cell lysates were fractionated on SDS-PAGE containing 25 pM Phos-tag
and 50 UM MnCl; and transferred onto nitrocellulose membrane as described above.
NKX3.1 was detected by immunoblotting.
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Coimmunoprecipitation

HEK-293T cells were engineered to express MYC-NKX3.1 and Flag-mDYRKZ1B and the
cell lysates were prepared 48 hr after transfection. Cell lysates were used to perform the
coimmunoprecipitation assays with monoclonal antibody against either Flag (M2, Sigma-
Aldrich) or goat NKX3.1 antiserum (Santa Cruz). After extensive washing, the pellets were
fractionated by SDS/PAGE (4-20% gel) and subjected to immunoblotting with anti-Flag
antibody or NKX3.1 antiserum.

Identification of NKX3.1 phosphorylation sites by mass spectrometry

Results

The in vitro kinase assay was performed as described above and the phosphorylated
NKX3.1 was run on SDS-PAGE and the gel piece containing NKX3.1 was excised for LC-
MS/MS analysis. Dried gel slices were rehydrated and digested in 80 puL 12.5 ng/pL trypsin
Gold/50 mM, ammonium bicarbonate overnight at 37°C. After the digestion was complete,
condensed evaporated water was collected from tube walls by brief centrifugation a bench-
top microcentrifuge (Eppendorf, Hauppauge, NY). The gel pieces and digestion reaction
were mixed with 50 uL 2.5% trifluoroacetic acid and rigorously mixed for 15 min. The
solution with extracted peptides was transferred into a fresh tube. The remaining peptides
were extracted with 80 pl 70% acetonitrile/5% trifluoroacetic acid mixture using rigorous
mixing for 15 min. The extracts were pooled and dried to completion (1.5-2 h) in a
SpeedVac. The dried peptides were reconstituted in 30 puL 0.1% TFA by mixing for 5 min
and stored in ice or at =20 °C prior to analysis.

The concentrated peptide mix was reconstituted in a solution of 2% acetonitrile, 2 % formic
acid for MS analysis. Peptides were loaded with the autosampler directly onto a 2 cm Cyg
pre-column and were eluted from the column using a Thermo Easy-nLC1000 UHPLC with a
10 min gradient from 2% buffer B to 35 % buffer B (100% acetonitrile, 0.1% formic acid).
The gradient was switched from 35% to 85% buffer B over 1 min and held constant for 2
min. Finally, the gradient was changed from 85% buffer B to 98% buffer A (100% water,
0.1% formic acid) over 1 min, and then held constant at 98% buffer A for 5 more minutes.
The application of a 2.0 kV distal voltage electrosprayed the eluting peptides directly into
the mass spectrometer equipped with an Easy-spray source (Thermo Finnigan). The mass
spectrometer was set to a targeted analysis method to only acquire CID MS/MS of the
expected unphosphorylated (m/z 673.83) and phosphorylated (m/z 713.84) peptides. These
MS/MS scans were acquired in the Orbitrap at 15,000 resolution with a scan range of m/z
150-1500. Mass spectrometer-scanning functions and HPLC gradients were controlled by
the Xcalibur data system (Thermo Finnigan, San Jose, CA). The acquired MS data were
analyzed manually to confirm the precursor mass, fragmentation ions, and serine
phosphorylation in the targeted peptide.

Development and validation of a cell-based assay to monitor NKX3.1 stabilization

We developed an assay for screening a kinome siRNA library to identify Kinases that caused
the degradation of endogenous NKX3.1 in LNCaP cells. To monitor rapidly NKX3.1 levels
in cells, ProLabel, a 6 kDa tag that produces a strong chemiluminescent signal in an enzyme
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complementation reaction, was fused in-frame to the C-terminus of NKX3.1. The screening
was carried out with knockdown reagents applied to LNCaP cells transiently transfected
with the PL-N-NKX3.1 plasmid. After application of siRNAs, cells were lysed in the culture
wells for chemiluminescence assay (Figure 1A).

The tagged NKX3.1 fusion protein was expressed well in both 293T and LNCaP cells and,
like the native protein, localized to the nucleus (Figure 1B). LNCaP cells transiently
transfected with PL-N-NKX3.1 expressed high levels of the fusion protein and LNCaP cells
engineered for stable expression of the fusion protein showed levels comparable to the
endogenous protein (Figures 1C and 1D). Importantly, the fusion protein and the
endogenous native protein showed similar half-lives in LNCaP cells (Figures 1D and 1E). A
single LNCaP clone (LNCaP-PLNKX7), selected for high expression of the fusion protein,
was shown to undergo knockdown of both endogenous and fusion protein by NKX3.1
SiRNA, thus demonstrating its utility for library screening (Figures 1F and 1G).

Kinome siRNA library screening

Initial kinome library screening was done by plating LNCaP-PLNKX?7 into 96-well plates
preloaded with the transfection reagent/siRNA mixture that included four separate sSiRNA
duplexes for each kinase. After 72 hr 100 pg/ml cycloheximide was added and cells were
lysed and assayed after an additional 60 min. Each plate contained mock transfections and
NKX3.1 siRNA controls (Figure 2A). Luminescence data was normalized and analyzed
using the Z-score method as described in Materials and Methods. Pairwise plots showed
plate-to-plate reproducibility of the assay (Figure 2B). Forty-three genes with average Z
scores above 1.415 were selected for secondary screening in order to fill a full microtiter
plate. Genes with Z scores of 1.65 or higher were significantly different from control with a
p < 0.05. In the second-round screening, the protocol was the same as that used in the
primary screening except that each of four specific SiIRNAs of these target genes were
separately transfected into cells and PL-N-NKX3.1 fusion protein expression was monitored
after cycloheximide treatment.

We previously showed that mutation of NKX3.1 N-terminal serines individually to alanine
changed the NKX3.1 protein half-life 40-100% (10). Since we did not expect complete
kinase inhibition in our siRNA screening we first set the screening threshold for NKX3.1
stabilization to 35% increase in residual NKX3.1 compared to mock-transfected cells
exposed to cycloheximide. The results of the secondary screenings are shown in Figure 3A.
Ten candidate kinases were selected by the secondary screening. Nine of these, all except
BLK, were shown to be expressed in LNCaP cells (Figure 3B). To validate the effect of the
kinases on NKX3.1 we generated a pool of four specific SiRNA molecules for each enzyme
(SMARTQpool, Dharmacon). The validation was performed in the parent LNCaP cells and
the level of endogenous NKX3.1 was assessed by immunoblotting. The expression of each
candidate kinase was effectively knocked down by the corresponding siRNAs obtained from
the kinome siRNA library, indicating these siRNA sequences could be used for our final
validation assays (Figure 3C).

As a final step we analyzed the effect of each kinase siRNA on endogenous NKX3.1 in
LNCaP cells. Specific siRNAs from the library were transfected into LNCaP cells exposed
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to cycloheximide for up to 60 minutes. The immunoblots in Figure 4A show the effects of
kinase inhibition on endogenous NKX3.1. DYRK1B had the most profound effect of the
group on NKX3.1 half-life (Figure 4B). Knockdown of RPS6KAS5 or PRKAR1A did not
affect the stability of NKX3.1 (data not shown). It should be noted that in the primary and
secondary screening assays, knockdown of PRKAR1A always led to a dramatic increase in
the level of fusion protein PL-N-NKX3.1 with the highest Z score (average Z score =
14.43). This was also true in LNCaP-PLNKX?7 cells when it was knocked down with the
custom siRNA we synthesized. However, neither of these siRNAs affected the level of
endogenous NKX3.1. We did not study the interaction of PRKAR1A with the PL-N-
NKX3.1 fusion protein, but made the preliminary conclusion that the effect seen in the
screening was an artifact of the fusion protein and not related to native NKX3.1. PRKAR1A
would not have been a likely candidate for NKX3.1 suppression as the kinase subunit itself
is a suppressor protein whose inactivation is associated with a syndrome of benign
neoplasia, Carney's triad (21).

Physical association of NKX3.1 with DYRK1B

Knockdown of DYRK1B by siRNA was consistently found to have the most pronounced
effect on NKX3.1 half-life. We were able to demonstrate physical association between the
two proteins we used Flag-tagged DYRK1B and exogenous NKX3.1 expression in 293T
cells (Figure 5A). Kinase-dead DYRKZ1B that was inactivated by missense mutation
(DYR1B-KD) was still able to associate with NKX3.1. However, the DYRK1B N-terminus
alone (DYRK1B-AKD) did not bind to NKX3.1(Figure 5B). Thus the kinase domain is the
likely site of interaction with NKX3.1.

DYRK1B phosphorylates NKX3.1 in vitro

We demonstrated in vitro phosphorylation of polyhistidyl-NKX3.1 by purified GST-
DYRKI1B (22). The reaction products were separated on SDS-PAGE containing 25 uM
Phos-tag and 50 uM MnCl, and transferred onto nitrocellulose membrane. Both
phosphorylated and native NKX3.1 were visualized by immunoblotting with NKX3.1
antibody. Retardation of phosphorylated NKX3.1 was seen to be dependent on DYRK1B
concentration and time (Figure 5C). In addition, Flag-DYRK1B expression in 293T cells
resulted in phosphorylation of exogenously expressed MYC-NKX3.1 in vivo. MY C-
NKX3.1 was cotransfected with either Flag-mDYRK1B or pcDNA3.1 vector control into
293T cells and NKX3.1 phosphorylation was seen and reversed by addition of phage-A
phosphatase (Figure 5D). Moreover, 185981 inhibited phosphorylation of MY C-NKX3.1 by
DYRKI1B.

To map the phosphorylation sites in NKX3.1 by DYRKZI1B, in vitro kinase reaction products
were separated by conventional SDS-PAGE, excised, digested with trypsin and analyzed by
mass spectrometry (MS/MS). We used LC-MS/MS analysis to detect the tryptic peptide
containing S185 from in vitro phosphorylated NKX3.1. Correct precursor mass and
fragment ion masses of the targeted peptide were manually verified. Neutral loss of S185
was identified and manually verified in the acquired tandem mass spectra as shown in
Figure 6A. Serine 185, a key residue in signaling NKX3.1 turnover, is highly conserved
across species (Figure 6B).
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DYRK1B inhibitors extend NKX3.1 half-life

Since our long-term goal is the pharmacologic increase of intracellular NKX3.1 in prostate
cancer, we asked whether small molecule DYRKZ1B inhibitors affected the half-life of
NKX3.1. Using the same assay of endogenous NKX3.1 half-life shown in Figure 4 we
treated LNCaP cells with DYRKZ1B inhibitors after the cells had been exposed to
cycloheximide for one hour. The compounds listed in Table 1 all prolonged NKX3.1 half-
life. The most active compound was NCGC00185981 that has specificity against both
DYRK and CLK family kinases with high affinity for DYRK1B (23). A second compound
with higher ICgy for DYRK1B but with no specificity for CLK kinases NCGC00185984
was not as active in blocking NKX3.1 degradation. A MARK?2 inhibitor, 39621, was used
because MARK?2 was one of the kinases identified in the second round kinome library
screening (24). Compound 39621 was substantially less active as an inhibitor of NKX3.1
degradation than the DYRK1B inhibitors.

Discussion

Both pathologic and physiologic processes contribute to the erosion of NKX3.1 expression
in the aging prostate gland. Loss of this protein results in increased propensity for
proliferation, susceptibility to DNA damage, and increased frequency of TMPRS2-ERG
gene rearrangement (8, 25, 26). In mouse models heterozygosity of Nkx3.1 has minimal
effect on prostate function as shown by effects on prostatic fluid, but more profound effects
on cell proliferation (5). In fact, Nkx3.1 heterozygosity predisposes to prostatic hyperplasia
and dysplasia not dissimilar from complete loss of Nkx3.1, but with longer latency. Nkx3.1
heterozygosity also potentiates the effect of Pten heterozygosity on prostatic neoplasia (27).
With the ultimate goal of inhibiting NKX3.1 loss in the prostate we have identified at least
one kinase that targets NKX3.1 for phosphorylation important for steady-state protein
turnover. DYRK1B was shown to phosphorylate NKX3.1 at serine 185, a key signal for
ubiquitination subsequent proteasomal degradation (10).

Dual-specificity tyrosine-regulated kinase 1B (DYRK1B) or minibrain-related kinase (Mirk)
is a nuclear serine-threonine kinase activated by tyrosine autophosphorylation (11).
DYRKZ1B is a member of the conserved DY RK/minibrain family of tyrosine-regulated,
arginine-directed serine/threonine protein kinases (28). DYRK1B is highly expressed in the
testis and skeletal muscle and plays an important role in muscle differentiation, cell survival,
and cell migration. More recently, it has been revealed that DYRK1B phosphorylates and
stabilizes the cyclin-dependent kinase (CDK) inhibitor p27 in nontransformed cells thus
contributing to maintenance of cell quiescence (29). DYRK1B also phosphorylates and
destabilizes cyclins D1 and D3 and therefore blocks quiescent cells from traversing G1
phase of the cell cycle (30, 31).

DYRKZ1B has paradoxically also been shown to be pro-oncogenic and its inhibition results
in growth inhibition of several cancer cell lines (14-16). DYRK1B effect on cell
proliferation may be due in part to activation of cyclin D1 (12) and suppression of p27Kipl
(13). In addition a number of small molecule inhibitors of DYRK1B have been developed
and (23, 32). Thus DYRKZ1B is already a target of investigational cancer therapy. DYRK1B
inhibition retards the growth of cancer cells in model systems. Inhibition of DYRK1B in
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prostate cancer will have the tissue specific effect of increasing levels of the NKX3.1
suppressor protein besides its effect on cell cycle regulators. For these reasons DYRK1B is a
novel and potentially important therapeutic target with unique relevance to prostate cancer.
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Figure 1.
A. LNCaP-PLNX7 cells were transfected with a plasmid, PL-N-NKX3.1, allowing the

expression of a chimeric NKX3.1 protein fused to the ProLabel tag at its C-terminal end.
Upon transcription and translation, the PL-N-NKX3.1 fusion protein was phosphorylated
and subjected to degradation through the ubiquitin-proteasome pathway. As the enzyme
donor, the ProLabel tag in PL-N-NKX3.1 fusion protein can associate with enzyme acceptor
(EA) to form an active enzyme that cleaves the chemiluminescent substrate; the resulting
signal can be detected with a standard luminometer. Therefore, PL-N-NKX3.1 protein levels
could be easily determined by cell-based high-throughput screening assays. B. PL-N-
NKX3.1 was transiently transfected into 293T cells and the fusion protein was stained with
NKX3.1 antiserum. C. Immunoblots from LNCaP cells transiently transfected with PL-N-
NKX3.1 and 48 hr after transfection, cells were treated with cycloheximide for the indicated
times. D. Immunoblot of extracts from a derivative LNCaP cell line expressing PL-N-
NKX3.1 (clone #7, or PLNKX7). Cells were treated with cycloheximide and harvested at
the indicated times for detection with NKXX3.1 antiserum. E. Quantification of the
immunoblot in D by densitometric scanning. F. LNCaP-PLNKX7 cells were transfected
with NKX3.1 siRNA by reverse transfection. Immunoblotting was performed with NKX3.1
antiserum for both PL-NKX3.1 and endogenous NKX3.1. G. Sensitivity of the LNCaP-
PLNKX7 detection assay was demonstrated in 96-well plates at an LNCaP cell density of
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7000 cells/well. Cells were lysed directly in 96 well plate 4 days after transfection and
chemiluminescence was determined.
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Figure 2.
Chemiluminescence assay of PL-NKX3.1 degradation in 96-well plates. A. Schematic

diagram of the siRNA strategy for kinome siRNA screening. From master plates, four
target-specific sSiIRNAs were pooled into working transfection plates, siRNA pools from
each transfection plate were reverse transfected into LNCaP-PLNKX?7 cells. After 72 h of
transfection, the plates were treated with cycloheximide for 1 hr. Chemiluminescent assay
was performed with Prolabel Detection Kit I1. B. Plate-to-plate reproducibility is shown in a
pairwise plot of Z-score values from replicate plates 7a and 7b that were the master plates
used for first round screening. Cells were plated in a replicate manner, but the transfections
were performed separately at different times. Linear regression indices of the pairwise
comparison are shown.
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Figure 3.
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A. NKX3.1 expression levels in duplicate assays of the second round screening. Independent

result are shown in blue and red, representing the mean of four individual SiRNA

transfections. For mock transfection (Ctrl), cells were treated with or without 100 pg/ml
cycloheximide for 60 min. Gene symbols in red are those chosen for final validations. B.
Expression of endogenous kinase expression in LNCaP cells. Except BLK (B lymphoid
tyrosine kinase), the expression of all other kinase candidate mMRNAs was easily detected

with semi-quantitative RT-PCR. C. Custom siRNAs were used to knock down kinase

expression in LNCaP cells. RT-PCR was performed. For semiquantitative RT-PCR reaction
cycles were as follows: PRKAR1A: 25 cycles; PIK3R1: 26 cycles; DYRK1B: 28 cycles;
MARK?2 and WNKS3: 30 cycles; MAP4K1: 31 cycles; CDKN2A: 32 cycles; GRK7: 34

cycles.
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Figure 4.

Kinase knockdown of NKX3.1 expression. A. LNCaP cells were transfected with control or
kinase siRNA. Cycloheximide 100 pg/ml was added at 72 h after and cell extracts were
prepared at the indicated times for immunoblots. B. Immunoblots were quantitated with
Image J and NKX3.1 half-life was determined using Graph Pad Prism.
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Figure 5.
Interaction between NKX3.1 and DYRK1B. A. 293T cells transfected with MYC-NKX3.1

and Flag-tagged mDYRK1B were lysed and subjected to immunoprecipitation with a-Flag
(M2) or mouse IgG. Immunoprecipitates were analyzed by immunoblotting with either
MYC or Flag antibodies. The arrows indicate specific protein bands. B.293T cells were
engineered as in A to express NKX3.1 and murine DYRKZ1B constructs as shown below the
gels. C. Dose and time-dependence of NKX3.1 association with DYRK1B. GST-DYRK1B
(0-200 ng/reaction) and His-NKX3.1 were combined in an in vitro kinase assay in the
presence of ATP as described in Materials and Methods. Reactions were separated on SDS-
PAGE containing 25 uM Phos-tag and 50 pM MnCl,. NKX3.1 was detected by
immunoblotting with NKX3.1 antiserum. D. Upper panel: 293T cells expressing MY C-
NKX3.1 and transfected with either pcDNA3.1 or Flag-mDYRK1B were analyzed for
phosphorylation or diluted about 200 fold with phage A phosphatase buffer followed by
concentrating with Amicon Centricon YM-10 and Amicon Ultra-0.5 ml (10K). The cleared
and concentrated lysates were then treated with A phosphatase for 60 min at 30°C and
analyzed with 25 pM Phos-tag. Lower panel: 293T cells expressing MY C-NKX3.1 and
transfected with either pcDNA3.1 or Flag-mDYRK1B were treated with or without 1 uM
185981 for 16 hr. NKX3.1 phosphorylation was determined by immunoblotting a gel run
with 20 pM Phos-Tag.
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Figure 6.

A. HPLC/MS/MS spectrum of phosphopeptide KQLpSSELGDLEK. The arrow pointed at
corresponding by, ions minus H3POy4, which serve to confirm the phosphopeptide. Mass

accuracy: £10ppm (monoisotopic mass). B. NKX3.1 from various species aligned to show
sequence conservation across the C-terminal domains.
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Effect of Kinase Inhibitors on NKX3.1 Half-Life

1C59-nM Target UM T
DMSO 247
Compound A 68 DYRKIB 010 31.6
050 46.9
DMSO 24.7
NCGC00185981 25 DYRKIB 010 51.0
050 >50
DMSO 28.0
NCGC00185963 1510 DYRKIB 050 >50
2.00 400
DMSO 28.0
NCGC00185976 103 DYRKIB 050 66.0
200 348
DMSO 28
39621 3600 MARK2 500 335
10.00 605
20.00 42.0
DMSO 26.0
NCGC00185984 72 DYRKIB 001 395
0.05 295
010 365
025 410
050 405
1.00 655
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