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Poly(rC)-binding proteins (PCBPs) are multifunctional adapters that mediate interactions between nucleic acids, iron cofactors,
and other proteins, affecting the fates and activities of the components of these interactions. Here, we show that PCBP2 forms a
complex with the Hippo pathway components Salvador (Sav1), Mst1, Mst2, and Lats1 in human cells and mouse tissues. Hippo
is a kinase cascade that functions to phosphorylate and inactivate the transcriptional coactivators YAP and TAZ, which control
cell growth and proliferation. PCBP2 specifically interacts with the scaffold protein Sav1 and prevents proteolytic cleavage of the
Mst1 kinase, resulting in increased signaling through Hippo and suppressed activity of YAP and TAZ. Human breast epithelial
cells lacking PCBP2 exhibit impaired proteasomal degradation of TAZ. They accumulate TAZ in both the nucleus and the cyto-
sol, increase expression of YAP and TAZ connective tissue growth factor (CTGF) and Cyr61 target genes, and exhibit anchorage-
independent growth. Thus, PCBP2 can function as a component of the Hippo complex, enhancing signaling, suppressing activity
of YAP and TAZ, and altering the growth characteristics of cells.

The poly(rC)-binding proteins (PCBPs) are a family of four
multifunctional adapter proteins that can bind RNA, proteins,

and metal ions and mediate the interaction of those components
with other cellular proteins (1–3). PCBPs contain three tandem
repeats of the ancient and conserved RNA-binding domains
found in heterogeneous ribonucleoprotein K, called KH domains.
The KH domains bind single-stranded RNA and DNA. PCBP1
and PCBP2 (also called hnRNP E1 and E2 or �CP-1 and -2) are
the most abundant members of the family and are ubiquitously
expressed in all tissues. PCBP1 and PCBP2 bind to a variety of
C-rich sequences in cellular and viral RNAs, affecting splicing
(4), polyadenylation (5), stability, translation (1, 2), and local-
ization (6).

PCBPs, especially PCBP2, can affect other processes through
protein-protein interactions. PCBP2 interacts with MAVS, an
adaptor protein that activates innate immune responses to viral
RNA (7). PCBP2 contributes to microRNA (miRNA) processing
in cells by interacting with both Dicer and precursor miRNA to
enhance processing into mature miRNA (8). PCBP1 and PCBP2
function in cellular iron trafficking by binding iron and delivering
it directly to iron-dependent enzymes via metal-mediated pro-
tein-protein interactions (9). PCBP1 and PCBP2 deliver iron to
ferritin, an iron storage protein, (10, 11) and enzymes that contain
mononuclear or dinuclear iron centers, including prolyl hydrox-
ylase, which regulates hypoxia-inducible factors (12), and deoxy-
hypusine hydroxylase (13), which functions in the modification of
lysine to hypusine in eukaryotic initiation factor 5A. PCBP2 also
binds to DMT1, an integral membrane protein that transports
iron to the cytosol, potentially linking iron uptake with cytosolic
distribution (14).

Because PCBP1 and PCBP2 function as adaptors in many cel-
lular processes, we sought to identify the broad set of proteins that
bind to PCBP1 and PCBP2 by using affinity purification and mass
spectrometry. We identified components of the Hippo signaling
pathway in PCBP-containing complexes. The Hippo pathway is a
signaling cascade first characterized in Drosophila melanogaster,
where inactivating mutations in multiple components of the

pathway resulted in similar phenotypes of tissue overgrowth
(15). The pathway is both highly conserved and divergent in
mammals. The core components consist of the Mst1 and Mst2
kinases, which bind to Salvador (Sav1), a scaffold protein that
also serves to activate the kinases. Mst1/Mst2 can phosphory-
late and activate the downstream kinases Lats1 and Lats2 and
their associated scaffold protein, Mob1. In turn, Lats1 and
Lats2 can phosphorylate and inactivate the transcriptional co-
activators YAP and TAZ, which regulate the expression of
many genes involved in cell growth and proliferation. Thus,
activation of Hippo signaling serves to limit the activity of YAP
and TAZ, which limits their capacity to promote cell prolifer-
ation, growth, and differentiation. While signal transduction
through the Hippo pathway is relatively linear in flies, in mam-
mals it exhibits considerably more complexity and variability.
We determined that PCBP2 specifically associates with compo-
nents of this kinase cascade and regulates the activities of its
downstream transcriptional coactivators (16).

MATERIALS AND METHODS
Cell culture. MCF10A cells were cultured in Dulbecco’s modified Eagle’s
medium containing nutrient mixture F-12 (DMEM–F-12) (Life Technol-
ogies) supplemented with 5% horse serum (Sigma), 10 �g/ml insulin, 0.5
�g/ml hydrocortisone (Sigma), 100 ng/ml cholera toxin (Sigma), and 20
ng/ml epidermal growth factor (EGF) (Sigma). Flp-In T-Rex 293 cells
expressing doxycycline-inducible, Flag-tagged versions of PCBPs were
maintained in DMEM containing 10% fetal bovine serum (FBS)
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(HyClone Serum), 100 �g/ml hygromycin (Life Technologies), and 15
�g/ml blasticidin (Sigma). MCF7 and MDA-MB-231 cells (a gift from
Chuxia Deng, NIH) and HEK293 cells (ATCC) were cultured in DMEM–
F-12 supplemented with 10% FBS (Serum Source International). PCBP2
(12), Mst1/2, and Lats1/2 were depleted using Stealth Select RNAi (Life
Technologies). TAZ and YAP were depleted using small interfering RNA
(siRNA) from Origene. A scrambled-sequence LoGC siRNA pool (Life
Technologies) was used as a negative control. Two sequential transfec-
tions spaced 24 h apart were performed with 100 pmol of siRNA by using
Lipofectamine RNAiMax transfection reagent, and cells were harvested 72
h posttransfection. Anchorage-independent growth was assessed by seed-
ing 5,000 MCF10A control-transfected cells or PCB2-depleted cells onto
ultra-low-attachment plates in mammosphere formation medium (com-
plete MCF10A culture medium supplemented with B27 [20 �l/ml], fibro-
blast growth factor [FGF] [20 ng/ml], EGF [20 ng/ml], and antibiotic/
antimycotic) (17). The images were taken after 6 days of incubation using
an Olympus IX81 microscope. Colonies �50 �m in diameter were scored
as mammospheres. Where indicated, doxycycline was used at 1 �g/ml,
desferrioxamine (Dfo) at 100 �M, ferric ammonium citrate at 100 �g/ml,
bortezomib at 25 nM, and cycloheximide at 40 �M. Mouse studies were
conducted according to protocols approved by the NIDDK Animal Care
and Use Committee.

Immunoprecipitation (IP) and mass spectrometry. HEK293 cell
lines expressing Flag-PCBP1, Flag-PCBP2, or the empty vector were
grown in medium supplemented with 1 �g/ml doxycycline and 100 �M
ferric ammonium citrate or 100 �M desferrioxamine B. Ten 15-cm plates
were harvested, and Flag immunoprecipitates were prepared as described
previously (18). Where indicated, 50 �M RNase A was added to lysis and
wash buffers. High-salt washes were performed by increasing sodium
chloride in the wash buffer to 500 �M. Immune complexes were eluted
with Flag peptide, and the eluates were precipitated in 10% cold trichlo-
roacetic acid. The precipitated eluates underwent tryptic digestion and
mass spectrometry analysis as described previously (18, 19).

RNA extraction and qRT-PCR. RNA was isolated from cells using the
RiboPure RNA purification kit (Life Technologies). Reverse transcription
was performed using a High-Capacity cDNA reverse transcription kit
(Life Technologies) and 500 ng of total RNA. Quantitative real-time PCR
(qRT-PCR) was performed using 1% of the cDNA template with SYBR
green dye on an ABI 7500 system according to the manufacturer’s proto-
cols. Primers (Table 1) were designed using ABI software and validated for
melting temperatures and melting profiles; the efficiency was �90%. The
mRNA values were normalized to GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) using the ��CT method. RNA immunoprecipitations

from MCF10A cells were performed using antibodies (PCBP2-RN025P
and PCBP1-RN024P) and an assay kit (RN1001) from Medical and Bio-
logical Laboratories according to the manufacturers’ instructions. RNase
inhibitor (RNase Out; Life Technologies) was added to the lysis buffer at
200 U/ml.

Immunoprecipitation and Western blotting. Total cell lysates were
prepared from cells using Cytobuster protein extraction reagent (Milli-
pore) with a cocktail of protease and phosphatase inhibitors on ice (Active
Motif). Uniform concentrations of protein were run in a 4 to 12% Tris-Bis
gel, followed by Western blotting. For immunoprecipitations, cells or
tissues were lysed in IP lysis buffer (50 mM Tris-HCl [pH 7.5], 50 mM
KCl, 0.1% NP-40, 5% glycerol) with protease inhibitors (Active Motif).
Anti-Flag beads (Biolegend; 2 h at 4°C) were used for Flag-tagged PCBPs.
Empty-vector-transfected cells were used as a negative control. For en-
dogenous proteins in MCF10A cells and tissues, PCBP2 or Lats1 antibody
was incubated with lysate overnight at 4°C. Protein G or protein A cou-
pled to magnetic beads was added for 4 h at 4°C. Normal mouse IgG or
normal rabbit IgG, respectively, was used as a negative control. The sam-
ples were boiled for 10 min before analysis by Western blotting. Nuclear
and cytosolic extracts were prepared according to the protocol (Active
Motif). The following primary antibodies were diluted in antibody di-
luents (Life Technologies): PCBP2 (1:1,000; Abnova), TAZ (1:1,000; Ab-
cam), Sav (1:500; Cell Signaling), Mst1 (1:1,000; Cell Signaling), Mst2
(1:5,000; OriGene), Lats1 (1:500; Cell Signaling), phospho-Lats1 (1:500;
Cell Signaling), YAP (1:500; Santa Cruz), phospho-YAP (1:1,000; Cell
Signaling), Flag (1:5,000; Biolegend), GAPDH raised in mice (1:5,000;
Millipore), and GAPDH raised in rabbits (1:5,000; Cell Signaling). Sec-
ondary antibodies were conjugated to infrared dyes (1:10,000; LiCor).
The band densities of proteins in SDS-polyacrylamide gels were measured
using the Odyssey system (LiCor).

Immunofluorescence. Cells seeded on glass coverslips (Abcam) were
transfected with either negative-control or PCBP2 siRNA. After 72 h, the
cells were fixed with 4% cold paraformaldehyde (Fisher Scientific) for 15
min, permeabilized for 15 min with 0.5% saponin, and immunostained
with antibodies against TAZ (1:100; Abcam) in Tris-buffered saline (TBS)
containing 5% donkey serum plus 0.1% saponin (blocking buffer) for 1.5
h at room temperature. TBS with 0.1% saponin was used as a washing
buffer after the permeabilization. The secondary antibodies (Alexa Fluor
488 – donkey anti-mouse antibody; Invitrogen) were incubated for 1 h.
Fluorescence images of the immunostained cells were obtained using laser
scanning confocal microscopy (LSM700).

Luciferase activity assays. PCBP2 was depleted as described above in
MCF10A cells, and then connective tissue growth factor (CTGF) promot-
er-luciferase or CTGF mutant promoter-luciferase plasmid (gifts from
Kun-Liang Guan, UCSD) were cotransfected with pRL-TK renilla lucif-
erase (Promega) using Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s instructions. Firefly luciferase activity was assayed using
the Dual-Luciferase reporter system (Promega). Samples were read in
POLARstar Omega (BMG Labtech). Activity was reported as the ratio to
the renilla luciferase control.

PCBP2 mutations. Full-length PCBP2 (isoform a) was constructed
from the PCBP2 plasmid (isoform b; Origene) (10). The KH1, KH2, and
KH3 domains and linker region (2) were deleted by PCR using Phusion
high-fidelity DNA polymerase (NEB). Primer sequences for mutations
are provided in Table 2. The primers directed amplification of the whole
plasmid, omitting the KH1, KH2, KH3, or linker region. T4 DNA ligase
(NEB) was used for ligation of the purified PCR product. PCBP2 muta-
tions were confirmed by sequencing and Western blotting.

Statistical analysis. Data were analyzed with Prism (GraphPad). The
results are reported as means and standard errors of the mean (SEM).
Differences between two groups were determined by unpaired Student t
tests. Differences among groups were determined by one-way analysis of
variance (ANOVA).

TABLE 1 Primer sequences for quantitative real-time PCR

Gene
product Primer Sequence

P2 Forward TCGGCCAGAAAGGAGAATCAGTTAA
Reverse GACAATTCCCTTCTGAGATGTTGATAC

Mst1 Forward ACGTTTCAGAGCCCAGAGTT
Reverse TCGAGGACCATCAAAGTCG

TAZ Forward ACCTGTACGCCAACACAGTG
Reverse ACACGGAGTACTTGCGCTCA

CTGF Forward TGCATCCGTACTCCCAAAATC
Reverse TGCTGGTGCAGCCAGAAAG

Cyr61 Forward GAGTGGGTCTGTGACGAGGAT
Reverse GGTTGTATAGGATGCGAGGCT

GAPDH Forward GGTGAAGGTCGGAGTCAACGG
Reverse GAGGTCAATGAAGGGGTCATTG
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RESULTS
PCBP1 and PCBP2 form complexes with components of Hippo.
We purified protein complexes containing PCBPs from cell lines
stably expressing Flag epitope-tagged PCBP1 or PCBP2 and iden-
tified the interacting proteins by mass spectrometry (18). To iden-
tify iron-dependent interactions, cells were grown in iron-che-
lated or iron-supplemented medium prior to affinity purification.
Cell lines without Flag-tagged proteins were included as specificity
controls. Ferritin, a protein known to interact with PCBP1 and
PCBP2 (10, 11), was detected in iron-treated samples (Tables 3,4,
and 5). The three core components of the Hippo signaling path-
way, Sav1, Mst1, and Mst2 (16, 20, 21), were the highest-scoring
proteins specifically interacting with PCBP2 in our analysis. Pep-
tides representing each of the proteins were detected in all exper-
imental data sets with 45 to 60% peptide coverage. Detection of
Sav1, Mst1, and Mst2 was unaffected by degradation of RNA,
produced by the addition of RNase A to some purifications, sug-
gesting that PCBP2 did not depend on RNA for its association
with Hippo.

To confirm the interactions detected by mass spectrometry, we
examined PCBP1 and PCBP2 immunoprecipitates by Western
blotting. Immune complexes from Flag-PCBP1 cells contained
small amounts of Sav1, Mst1, and Mst2, while complexes from
Flag-PCBP2 cells contained large amounts of Sav1, Mst1, and
Mst2, suggesting a more stable interaction (Fig. 1A). Lats1 was

also present in immune complexes from both PCBP1 and PCBP2
cell lines. These interacting proteins were not detected in immune
complexes from a cell line without a Flag-tagged protein (Fig. 1A,
EV), confirming the specificity of the interactions. In some im-
mortalized cell lines, the Hippo signaling pathway does not con-
trol growth or cell division, although Hippo components are
expressed. MCF10A, an immortalized human cell line derived
from normal breast epithelium, contains a functional Hippo
pathway that regulates cell growth and division (22). Immuno-
precipitation of endogenous PCBP2 in these cells revealed co-
precipitation of both Mst1 and Mst2, which were not present in
control IgG precipitates (Fig. 1B). Thus, PCBP2 associates with
the Hippo signaling complex in cells that rely on this pathway
to regulate growth.

PCBP2 binds to Mst1 and Mst2 in mouse tissues. Mst1 and
Mst2 are required for normal lung development in the mouse
(23), and misregulation of Hippo signaling through YAP contrib-
utes to adenocarcinoma of the lung in humans (24). Therefore, we
examined whether PCBP2 formed a complex with Hippo compo-
nents in the mouse lung. PCBP2 immune complexes isolated from
mouse lung extracts demonstrated strong interactions with Mst1
and Mst2 (Fig. 1C). No Mst1 or Mst2 was detected in nonimmune
IgG precipitates, indicating the interactions were specific for
PCBP2. In accordance with complex formation in MCF10A cells,
Mst1 and Mst2 were detected in complex with PCBP2 in mouse
mammary tissues (Fig. 1D). Mst1 and Mst2 also regulate liver size

TABLE 2 Primer sequences for PCBP2 deletion mutations

Mutation Primer Sequence

Full-length
PCBP2

Forward TCCCAGTCCCCCCCGAAGGGCGTGAC
Reverse GAGAGTCTCCAACATGACCACGCAGATC

KH1 Forward GACATAAGCAGCTCTATGACC
Reverse GACATTTAATCCACCTTCAATCAC

KH2 Forward CTCTCCCAGTCCCCCCCGAA
Reverse TGGGTCTACTGGCAGCTGTG

KH3 Forward TCCTCGGAGACGGGTGGCAT
Reverse CTGAGCAGATGCATCCAAACC

Variable
region

Forward ACTACTTCTCATGAACTCACC
Reverse AGTCTCCAACATGACCACGCA

TABLE 3 Hippo components detected by mass spectrometry in cells
expressing Flag-PCBP2a

Protein

No. of spectra/no. of unique peptides in:

Dfo-treated cells Fe-treated cells

Treatment
1

Treatment
2

Treatment
1

Treatment
2

PCBP2 1,810/45 602/26 1,305/37 1,436/25
PCBP1 581/30 239/18 307/24 780/26
Sav1 77/24 13/8 66/25 13/3
Mst1 67/32 56/16 62/29 67/16
MST2 84/39 75/20 95/41 67/14
Ferritin H 0 0 3/2 0
Ferritin L 0 0 2/2 0
a Treatment 1, immunoprecipitation with RNase A followed by low-salt wash;
treatment 2, immunoprecipitation without RNase A followed by high-salt wash.

TABLE 4 Hippo components detected by mass spectrometry in cells
expressing Flag-PCBP1a

Protein

No. of spectra/no. of unique peptides in:

Dfo-treated cells Fe-treated cells

Treatment
1

Treatment
2

Treatment
3

Treatment
1

Treatment
2

Treatment
3

PCBP1 2,561/52 2,784/52 2,377/33 1,993/42 2,800/54 3,061/43
PCBP2 331/16 520/15 682/15 248/11 436/17 904/15
Sav1 2/2 0 0 3/3 0 0
Mst1 0 0 0 4/3 0 0
Mst2 0 0 0 4/3 0 0
Ferritin H 0 0 0 3/3 9/6 5/2
Ferritin L 0 0 0 3/2 3/3 0
a Treatment 1, immunopreciptation without RNase A followed by low-salt wash;
treatment 2, immunoprecipitation with RNase A followed by low-salt wash; treatment
3, immunoprecipitation without RNase A followed by high-salt wash.

TABLE 5 Hippo components detected by mass spectrometry in cells
without Flag-tagged proteinsa

Protein

No. of spectra/no. of unique peptides with:

Empty vector in:

Flag

Dfo-treated cells Fe-treated cells

Treatment
1

Treatment
2

Treatment
3

Treatment
1

Treatment
2

Treatment
3

PCBP2 0 18/7 10/7 21/7 16/9 0 0
PCBP1 38/13 27/20 0 36/13 25/16 12/6 0
Sav1 0 0 0 0 0 0 0
Mst1 7/6 0 0 0 0 0 8/4
Mst2 6/5 0 0 0 0 0 0
Ferritin H 0 0 0 0 2/2 0 0
Ferritin L 0 0 0 0 0 0 0

a Treatment 1, immunopreciptation without RNase A followed by low-salt wash;
treatment 2, immunoprecipitation with RNase A followed by low-salt wash; treatment
3, immunoprecipitation without RNase A followed by high-salt wash.
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and hepatocyte proliferation in the mouse (25–27). PCBP2 im-
mune complexes purified from mouse liver extracts demonstrated
the presence of both Mst1 and Mst2 (Fig. 1E). Thus, PCBP2 forms
complexes with Hippo components in mouse tissues that rely on
Hippo to control growth and development.

We next examined the effects of iron on these interactions.
While the weak interactions between PCBP1 and Mst1, Mst2, and
Sav1 were affected by iron (Fig. 1F to H), the stronger interactions
with PCBP2 remained unaffected (Fig. 1I).

Sav1 mediates the interaction between PCBP2 and Hippo
components. We determined which of the core components of
the Hippo complex mediated the interaction with PCBP2 by de-
pleting Sav1 or Mst1 and Mst2 in Flag-PCBP2 cells with specific
siRNAs and analyzing Flag-PCBP2 immune complexes for the
remaining components of the Hippo complex. Depletion of Sav1
resulted in complete loss of Mst1 and Mst2 from Flag-PCBP2
complexes, while a nontargeting siRNA had no effect (Fig. 2A,
top). Western blot analysis of whole-cell extracts confirmed de-
pletion of Sav1 and demonstrated no change in the levels of Mst1
and Mst2 with Sav1 depletion (Fig. 2B), indicating that Sav1 was
necessary to mediate the interaction with PCBP2. In a reciprocal
experiment, we depleted Mst1 and Mst2 and also found that in-
teractions between PCBP2 and Sav1 were lost (Fig. 2A, bottom).
However, Mst1 and Mst2 depletion also resulted in a dramatic loss
of Sav1 in whole-cell extracts (Fig. 2B, bottom), suggesting that
Mst1 and/or Mst2 was required for the accumulation of Sav1 in
HEK cells.

Structural characterization of PCBP2-Hippo interactions.
We mapped the domain(s) of PCBP2 involved in interactions
with Hippo components. Structurally, PCBP2 contains two ami-
no-terminal KH domains and a single carboxy-terminal KH do-
main separated by an unstructured variable domain (Fig. 2C).
Mutant versions of Flag-PCBP2 lacking each of the KH domains
or the variable domain were expressed in HEK293 cells and exam-
ined for their capacity to coprecipitate Mst1, Mst2, and Sav1 (Fig.
2D). Versions of PCBP2 lacking KH1 or the variable domain co-
precipitated Mst1, Mst2, and Sav1 similarly to the full-length
PCBP2. In contrast, PCBP2 lacking the KH3 domain exhibited no
interaction with any of the Hippo components, despite being ex-
pressed at levels similar to those of the full-length PCBP2. PCBP2
lacking the KH2 domain did not accumulate in cells except as a pro-
teolytic fragment (Fig. 2E) and was not further tested. These data
indicated that the carboxyl-terminal KH3 domain was required for
interaction with Hippo, likely via the scaffold protein Sav1.

Mst1 is lost from the Hippo complex in MCF10A cells lacking
PCBP2. We questioned whether PCBP2 had an effect on the com-
position or stability of the Sav1/Mst1/Mst2 complex in MCF10A
cells. Therefore, we depleted PCBP2 and analyzed components of
the complex. When PCBP2 was depleted with siRNA (Fig. 3A),
levels of Sav1 and Mst2 were unaffected, but the level of Mst1 was
markedly reduced (Fig. 3A and B). Although Mst1 and Mst2 can
interact with scaffold/regulator proteins other than Sav1 (20), we
determined that the loss of Mst1 in PCBP2-depleted cells affected
the population of Mst1 associated with the Hippo complex. Both

FIG 1 Physical interactions between Hippo signaling complex, PCBP1, and
PCBP2 in human cells and murine tissues. (A) Physical interactions between
PCBP1, PCBP2, and Hippo components in HEK293 cell lines. HEK293 stable
cell lines containing empty vector (EV), inducible Flag-PCBP1 (FP1), or Flag-
PCBP2 (FP2) were induced for 18 h. The lysates were subjected to IP with
anti-Flag resin, and immune complexes (IP: Flag) and whole-cell extracts
(WCE) were examined by Western blotting using antibodies against Mst1,
Mst2, Sav1, total Lats1 (tLats1), and Flag. (B) Physical interactions between
PCBP2 and the Hippo complex in MCF10A cells. MCF10A cell lysates were
subjected to IP with anti-PCBP2 antibody or normal mouse IgG. Immune
complexes and WCE were examined by Western blotting for Mst1, Mst2, and
PCBP2. Sav1 is not detectable due to the interference of IgG heavy chain.
Experiments were replicated three times. (C to E) Binding of Mst1 and Mst2 to
PCBP2 in lung and liver. Mouse lung extracts (C), mammary gland extracts
(D), and liver extracts (E) were subjected to IP with anti-PCBP2 and normal
mouse IgG. Immune complexes and tissue extracts (LuE, MaE, and LvE) were
analyzed by Western blotting for Mst1 and Mst2. (F to I) Effects of iron sup-
plementation or chelation on binding of Hippo components to PCBPs. Cells
expressing Flag-PCBP1 (F and G) or Flag PCBP2 (I) were treated overnight

with iron (Fe) (100 �g/ml) or the iron chelator Dfo (100 �M). The lysates were
subjected to IP and Western blotting as for panel A. (H) Quantitation of Hippo
components coprecipitated with Flag-PCBP1. Experiments were replicated
three times; *, P � 0.05. The error bars indicate SEM.
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Mst1 and Mst2 were detected in Sav1 complexes from control cells
(Fig. 3B). In contrast, Mst1 was not detectable in Sav1 complexes
from PCBP2-depleted cells, although Mst2 was still present. We
found only a small decrease in Mst1 mRNA in PCBP2-depleted
cells (Fig. 3C), which was unlikely to fully account for the loss of
Mst1 protein.

To determine whether PCBP2 contributed to the stability of
Mst1, we treated cells with either nontargeting or PCBP2-specific
siRNAs, followed by either diluent or bortezomib to inhibit pro-
teasome-mediated degradation (Fig. 3D and E). Inhibition of the
proteasome revealed the accumulation of a 36-kDa Mst1 species,
particularly in cells lacking PCBP2. Levels of the 36-kDa Mst1
were 2-fold higher in PCBP2-depleted cells than in control cells.
Mst1 is detected in cells and tissues as either a full-length protein
of 59 kDa or a truncated 36-kDa amino-terminal fragment with
full catalytic activity (27). The shorter form lacks both the autoin-
hibitory domain and the SARAH domain, which mediates inter-
action of Mst1 with Sav1 (20). These data indicated that, in cells
lacking PCBP2, a larger fraction of Mst1 was cleaved into the short
form and rapidly degraded.

FIG 2 Sav1-mediated interaction between Hippo and the KH3 domain of
PCBP2. (A and B) Loss of Hippo-PCBP2 interactions in cells lacking Sav1.
Flag-PCBP2 cell lines were treated with nontargeting siRNA or siRNA against
Sav1 or Mst1 and Mst2. Immune complexes (A) or whole-cell extracts (B)
from empty vector or Flag-PCBP2 lysates were analyzed by Western blotting.
The experiments were replicated three times. (C) Domain organization of
PCBP2. hnRNP K-homology domains (KH1 to -3) and the variable domain
are indicated. The numbers are amino acid residues marking the borders of
domains. (D) Requirement for the KH3 domain for Hippo interactions. HEK
293T cells were transfected with plasmids encoding Flag-tagged PCBP2 (P2),
mutant PCBP2 lacking the indicated domain (K1�, K3�, and Vr�), or the
empty vector (EV). The lysates were subjected to anti-Flag IP. Immune com-
plexes (left) and whole-cell extracts (right) were analyzed by Western blotting.
(E) Degradation of mutant PCBP2 lacking the KH2 domain. Cells were trans-
fected as for panel D with plasmids encoding the PCBP2 KH1� or KH2�
mutant and examined by Western blotting. The asterisk indicates the proteo-
lytic fragment of Flag-PCBP2 KH2�.

FIG 3 Degradation of Mst1 with PCBP2 depletion in MCF10A cells. (A) Loss
of Mst1 protein with PCBP2 depletion. MCF10A cells were transfected with
nontargeting control or PCBP2-specific siRNAs and then analyzed by Western
blotting. (Left) Paired biological replicates. (Right) Mst1 quantification. Ratios
are normalized to control. (B) Loss of Mst1 from the Hippo complex with
PCBP2 depletion. PCBP2 was depleted as for panel A. The lysates were sub-
jected to IP with anti-Sav1 or rabbit IgG. (Top) Immune complexes were
examined for Mst1 and Mst2. The arrows indicate specific Mst1/2 signal. (Bot-
tom) WCE were analyzed by Western blotting for Mst1, Mst2, Sav1, and
GAPDH. (C) Minor change in Mst1 mRNA transcripts with PCBP2 depletion.
RNAs from control and PCBP2-depleted MCF10A cells were extracted, and
Mst1 transcripts were measured by real-time PCR. Mst1 transcripts are pre-
sented relative to control-transfected cells. (D and E) Increased cleavage and deg-
radation of MST1 with PCBP2 depletion. Cells were treated with either nontarget-
ing or PCBP2-specific siRNAs for 48 h, followed by either diluent (dimethyl
sulfoxide [DMSO]) or proteasome inhibitor (bortezomib; 25 nM) for 24 h. Mst1
was detected by Western blotting, and paired biological replicates are shown.
(E) Mass is indicated in kDa. The long (58- Da) and short (36-kDa) forms of
Mst1 were quantitated and analyzed separately. All experiments were repli-
cated three times. The error bars indicate SEM. **, P � 0.0001.
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PCBP2 depletion reduces phosphorylation of Lats and YAP
and produces accumulation of TAZ. Lats1 and Lats2 are down-
stream kinases in the Hippo pathway that can be phosphorylated
by the Sav1-Mst1/Mst2 complex (28). We questioned whether
PCBP2 affected the activity of the complex by measuring levels of
phosphorylated Lats1 (phospho-Lats1) in anti-total Lats immune
complexes (Fig. 4A). Levels of phospho-Lats1 were significantly
reduced in PCBP2-depleted versus control cells, while levels of
total Lats remained unchanged or slightly elevated.

Both YAP and TAZ are substrates for the kinases of the Hippo
pathway, and phosphorylation results in their retention in the cytosol
(22) and/or degradation via the proteasome (29). We examined the
role of PCBP2 in YAP and TAZ phosphorylation and stability. Cells
depleted of PCBP2 exhibited a small reduction in the amount of
phospho-YAP, with little change in the total amount of YAP but a
larger, 3.5-fold increase in total levels of TAZ (Fig. 4B).

We examined whether the RNA-binding activity of PCBP2
could account for the effects of depletion on Hippo signaling. We
isolated PCBP1- and PCBP2-RNA complexes from HEK293 cells
and measured the binding of control and Hippo-related mRNAs.
Although both PCBP1 and PCBP2 interacted with all the tested

transcripts at a level above that with negative-control IgG precip-
itates (Fig. 4C), only transcripts for PCBP2 and Sap62 (previously
identified PCBP2-interacting RNAs) exhibited selective enrich-
ment in the PCBP2-specific pool (Fig. 4C and D) (30). Thus, RNA
immunoprecipitation offered no evidence that effects on Hippo
signaling were mediated through PCBP2-RNA interactions.

Breast cancers and cell lines derived from breast cancers fre-
quently display increased TAZ levels and TAZ activity (31–33).
We examined PCBP2 and TAZ levels in breast cancer cell lines that
form less invasive (MCF7) and more invasive (MDA-MB-231)
tumors in vitro. TAZ levels were lower and PCBP2 levels were
higher in the less invasive, more differentiated MCF7 line, whereas
the opposite was observed in the more invasive, less differentiated
MDA-MB-231 line, consistent with a role for PCBP2 in Hippo
signaling and TAZ activity (Fig. 4E).

We confirmed that PCBP2 depletion also produced TAZ accu-
mulation in HEK293 cells (Fig. 4F). An alternative siRNA against
PCBP2 also produced partial depletion of PCBP2 and an increase
in TAZ, indicating the TAZ increase was unlikely to represent an
off-target effect (Fig. 4G). TAZ mRNA increased with PCBP2 de-
pletion (Fig. 4H), but this change did not fully explain the increase

FIG 4 Loss of Lats and YAP phosphorylation and increased TAZ levels with PCBP2 depletion. (A) Loss of Lats1 phosphorylation with PCBP2 depletion.
PCBP2 was depleted in MCF10A cells, and the lysates were subjected to IP with anti-total Lats1 or normal rabbit IgG. Immune complexes and WCE were
examined for phospho-Lats (pLats) and total Lats1 (tLats1) (left) and quantified (right). (B) Increased TAZ protein and decreased YAP phosphorylation
with PCBP2 depletion. PCBP2 was depleted, and levels of phospho-YAP, total YAP, and TAZ were measured by Western blotting in duplicate (left) and
quantified (right). (C and D) Lack of specific interaction between PCBP2 and Hippo-related transcripts. PCBP1 or PCBP2 was immunoprecipitated from
MCF10A cells, and coprecipitating RNA was analyzed by RT-PCR. Rabbit IgG precipitations served as a negative control. The relative abundance of
precipitated transcripts relative to IgG (C) or relative to total mRNA, normalized to actin (D), are shown. Normalization to GAPDH rather than actin
yielded similar results. (E) Expression of TAZ and PCBP2 in breast cancer cell lines. MCF7 and MDA-MB-231 cells were grown under identical conditions,
and the lysates were analyzed by Western blotting. (F). Increased TAZ protein with PCBP2 depletion in HEK293 cells. HEK293 cells were transfected with
the indicated siRNAs and analyzed by Western blotting. (G) Increased TAZ in cells depleted of PCBP2 by alternative siRNA. MCF10A cells were
transfected with control nontargeting siRNA or one of two siRNAs against PCBP2 (P2-1 or P2-2). TAZ or PCBP2 levels were detected by Western blotting.
(H) TAZ mRNA levels with PCBP2 depletion. TAZ transcripts were measured by real-time PCR and are presented relative to the control. The experiments
were replicated three times. The error bars indicate SEM. *, P � 0.0001.
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in TAZ protein. Because PCBP2 depletion affected TAZ to a much
greater extent than YAP, we focused on TAZ.

Accumulation of TAZ due to increased stability. The eleva-
tion of TAZ in PCBP2-depleted cells could be due to the increased
stability of hypophosphorylated TAZ in the setting of reduced
Hippo signaling. If this were occurring, blocking the degradation
of TAZ would tend to equalize the levels of TAZ in control and
PCBP2-depleted cells. We inhibited proteasome-mediated degra-
dation in MCF10A cells and found TAZ increased to similar levels
in both control and PCBP2-depleted cells (Fig. 5A), indicating
that the increase in TAZ associated with PCBP2 depletion was
primarily due to increased stability of the TAZ protein. Phosphor-
ylated TAZ exhibits slightly slower electrophoretic migration than
unphosphorylated TAZ (33). In control cells, TAZ was detected as
two species with slightly different migration rates (Fig. 5A and B),
with the slower-migrating form likely representing phospho-
TAZ. The TAZ that accumulated in PCBP2-depleted cells, with or
without bortezomib treatment, was predominately the faster-mi-
grating form, suggesting that the TAZ accumulating in PCBP2-
depleted cells was hypophosphorylated. We measured the rate of
TAZ degradation in PCBP2-depleted cells and found the half-life
was approximately 120 min versus 60 min in control cells (Fig.
5B), indicating that the half-life of TAZ was prolonged by PCBP2
depletion.

PCBP2 depletion activates TAZ. Phosphorylation of TAZ
through the Hippo pathway results in the retention of TAZ in the
cytosol and/or its degradation by the proteasome, while loss of
phosphorylation results in stabilization and nuclear accumulation
(22, 29). We examined the effects of PCBP2 on subcellular local-
ization of TAZ by indirect immunofluorescence (Fig. 6A). In con-
trol cells, TAZ was detected at low levels in both the cytosol and
nuclei. In contrast, PCBP2-depleted cells exhibited TAZ signal
that was slightly higher in the cytosol and markedly higher in
nuclei than in control cells. To quantitatively examine the change
in nuclear TAZ with PCBP2 depletion, we separated siRNA-trans-
fected cell lysates into nuclear-enriched and cytosolic fractions

FIG 5 TAZ stabilization with PCBP2 depletion. (A) Equalization of TAZ
levels in control and PCBP2-depleted cells by proteasome inhibition. Cells
were treated with siRNAs for 48 h, followed by DMSO or bortezomib for 24 h.
TAZ levels were examined by immunoblotting (left) and quantified (right).
(B) Prolonged half-life of TAZ with PCBP2 depletion. Cells were treated with
siRNAs, followed by cycloheximide (Chx) for the indicated times. The decay of
TAZ was measured by immunoblotting (left) and quantified (right). All ex-
periments were replicated three or four times. The error bars indicate SEM. *,
P � 0.002.

FIG 6 Nuclear localization of TAZ and transcriptional activation of TAZ target
genes with PCBP2 depletion. (A) Nuclear localization of TAZ with PCBP2 deple-
tion. MCF10A cells were treated with control (C) or PCBP2 (P2) siRNA and then
analyzed by indirect immunofluorescence against TAZ (green) with DAPI stain-
ing of nuclei (blue). The cells were imaged with identical exposure times. (B) TAZ
expression in cytosolic and nuclear fractions. Nuclear and cytosolic extracts pre-
pared from PCBP2-depleted cells were subjected to Western blotting against TAZ,
Lamin A/C (nucleus), and tubulin (cytosol) (left) and quantified (right). (C)
CTGF and Cyr61 mRNA levels increase with PCBP2 depletion. Transcripts were
measured by RT-PCR. (D) CTGF promoter-luciferase reporter activity with
PCBP2 depletion. MCF10A cells were treated with siRNAs, followed by cotrans-
fections with TK-Renilla and CTGF-luciferase (CTGF-Luc) or its mutant
(mCTGF-Luc). Luciferase activity was normalized with TK-Renilla and is pre-
sented relative to the control (P � 0.0002). (E) Anchorage-independent growth of
MCF10A cells with PCBP2 depletion. MCF10A cells were depleted of PCBP2, and
then, 5,000 cells were seeded onto ultra-low-attachment plates with mammo-
sphere formation medium. After 6 days, the cells were imaged (left), and the sizes
and the numbers of all cell aggregates larger than 50 �m were recorded (right).
Cumulative data from 3 experiments are shown. Horizontal bars indicate the
means. All experiments were replicated three times; the error bars indicate SEM.
**, P � 0.0001.
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(Fig. 6B). Consistent with the immunofluorescence data, PCBP2-
depleted cells exhibited 3- to 4-fold-increased levels of TAZ in
both nuclear and cytosolic fractions compared to control cells.
This increase in nuclear TAZ would be predicted to affect tran-
scription.

TAZ and YAP coactivate transcription by binding to transcrip-
tion factors of the TEA domain (TEAD) family, which directly
interact with promoter regions of target genes (34, 35). CTGF and
cysteine-rich angiogenic inducer 61 (Cyr61) are two highly regu-
lated targets of TAZ/TEAD in cells. We measured 24-fold and
6-fold inductions of CTGF and Cyr61 mRNAs, respectively, in
MCF10A cells depleted of PCBP2, indicating that TAZ and/or
YAP was highly activated in PCBP2-depleted cells (Fig. 6C).
Again, an alternative siRNA against PCBP2 also produced ele-
vated CTGF mRNA (data not shown). To further examine the
activation of TAZ and YAP, we transfected cells with plasmids
containing either the CTGF promoter fused to a luciferase re-
porter or a similar plasmid in which the three TEAD-binding sites
in the promoter were mutated. PCBP2-depleted cells exhibited
strong, 6.3-fold activation of the wild-type reporter compared to
PCBP2-expressing cells, while cells containing the mutated pro-
moter construct exhibited only 1.3-fold activation (Fig. 6D).
Thus, the transcriptional activation of CTGF and Cyr61 was due
to the specific activation of TAZ/YAP in complex with TEAD.

Overexpression of TAZ in MCF10A cells results in enhanced
proliferation and anchorage-independent growth (32). We exam-
ined the capacity for PCBP2-depleted cells to form colonies
(mammospheres) under ultra-low-attachment conditions. Cells
expressing PCBP2 exhibited very weak anchorage-independent
growth (Fig. 6E), forming small colonies with an average size of 75
�m at a rate of 8.7 per 5,000 plated cells. In contrast, cells depleted
of PCBP2 formed colonies with an average size of 100 �m at a rate
of 33 per 5,000 cells. Thus, depletion of PCBP2 led to increased
TAZ/YAP activity, which was associated with enhanced anchor-
age-independent growth.

PCBP2 affects Hippo signaling through both YAP and TAZ.
PCBP2-depleted cells exhibited changes in transcription and
growth (Fig. 6) in the setting of changes in both YAP phosphory-
lation and TAZ degradation (Fig. 4 and 5). We sought to deter-
mine whether the PCBP2-dependent changes were mediated by
YAP, TAZ, or both. YAP and TAZ were depleted using siRNA in
cells expressing endogenous PCBP2 or depleted of PCBP2. We
then measured transcript levels of CTGF and Cyr61 (Fig. 7A to C).
Depletion of either YAP, TAZ, or both had very small effects on
CTGF and Cyr61 in cells expressing endogenous PCBP2, indicat-
ing that basal activities of YAP and TAZ were low in these cells. In
PCBP2-depleted cells, CTGF and Cyr61 transcripts were again
elevated. Codepletion of PCBP2 and either TAZ or YAP resulted
in a 50% reduction in CTGF transcripts compared to the TAZ-
and YAP-expressing cells, and depletion of both TAZ and YAP
resulted in a 69% reduction (Fig. 7A). Cyr61 transcripts exhibited
a slightly different pattern upon codepletion of PCBP2 and either
TAZ or YAP (Fig. 7B). YAP depletion had only a small effect,
decreasing Cyr61 by 15%. Depletion of both TAZ and YAP had an
effect similar to depletion of TAZ alone. Western blotting con-
firmed partial depletion of YAP and TAZ in PCBP2-codepleted
cells (Fig. 7C). These results suggested that the PCBP2-dependent
changes in CTGF mRNA levels were largely mediated through
changes in both TAZ and YAP activity and that TAZ primarily
controlled the changes in Cyr61.

PCBP2-dependent changes in TAZ are mediated through
Mst1 and Mst2. Our studies indicated that depletion of PCBP2
was associated with a loss of Mst1 and an increase in TAZ protein
and activity. We sought to determine whether the increase in TAZ
was caused by the loss of Mst1 and Mst2 activity. Depletion of
Mst1 or Mst2 individually was associated with small increases in
TAZ (Fig. 8A), confirming that both kinases contribute to TAZ
regulation. Because depletion of Mst1 alone did not produce the
same increase in TAZ as PCBP2 depletion, Mst1 alone could not
account for all of the observed effects of PCBP2 depletion. If the
effects of PCBP2 on TAZ were mediated solely through Mst1 and
Mst2, then depletion of PCBP2 and Mst1/2 together would be
similar to the deletion of PCBP2 alone. We compared TAZ levels
in cells depleted of PCBP2, Mst1, or Mst2, or all three together,
and found that, although TAZ levels were slightly higher in cells
codepleted of PCBP2, Mst1, and Mst2 than in cells depleted of
only PCBP2, the difference was not significant (Fig. 8B). This re-
sult suggests that the effects of PCBP2 depletion on TAZ are
largely mediated through Mst1 and -2 (not through Mst1 alone),
although PCBP2 may have some effects on TAZ that are indepen-
dent of Mst1/2.

Mst1 and Mst2 signaling in Drosophila and some mammalian

FIG 7 Requirement for YAP and TAZ for PCBP2-mediated changes in tran-
scription. MCF10A cells were treated with control or PCBP2 siRNA, followed
by control, TAZ, or YAP siRNA. (A and B) Transcript levels of CTGF (A) and
Cyr61 (B) were measured and are expressed relative to the control. (C) TAZ
and YAP siRNA specificity and knockdown efficiency were measured by West-
ern blotting. The error bars indicate SEM.
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cells is mediated through Lats1 and Lats2, while Mst1/2 signals can
bypass Lats1 and Lats2 in certain mouse tissues (25–27). We per-
formed an epistasis analysis of the role of Lats1 and Lats2 in the
PCBP2-dependent regulation of TAZ (Fig. 8C). Depletion of
Lats1 and Lats2 had no effect on the levels of TAZ, and the
codepletion of PCBP2 with Lats1 and Lats2 resulted in an increase
in TAZ that was identical to the increase when PCBP2 alone was
depleted. These data indicated that Lats1 and Lats2 did not con-
tribute to the basal regulation of TAZ in MCF10A cells.

DISCUSSION

In this study, we have demonstrated that PCBP2 binds to core
components of the Hippo signaling complex and affects basal sig-
naling through Hippo. PCBP2 associates with Mst1, Mst2, and
Sav1 in human cells and in mouse mammary tissue, liver, and
lung, which rely on this pathway to control growth. PCBP2 stabi-
lizes Mst1 within the Hippo complex by inhibiting Mst1 cleavage
into a short form that is rapidly degraded. Loss of PCBP2 impairs
the turnover of TAZ, leading to accumulation of nuclear TAZ and
increased TEAD-mediated transcription of TAZ target genes. En-

hanced TAZ activity in the absence of PCBP2 leads to stimulation
of anchorage-independent growth. In this study, we employed a
cell line, MCF10A, in which endogenously expressed PCBP2 and
Hippo components control growth, and used siRNA to produce
genetic deficiencies of Pcbp2 and Hippo components. Thus, po-
tential artifacts produced by protein overexpression do not com-
plicate the interpretation of our data. All of these data indicate that
PCBP2 plays a biologically meaningful role in the activity of the
Hippo signaling complex.

PCBP2 affects Hippo signaling through multiple mecha-
nisms. Cells lacking PCBP2 exhibited accumulation of TAZ that
was largely due to its impaired turnover in the proteasome. Epis-
tasis analysis indicated that this PCBP2-dependent effect on TAZ
was primarily mediated through both Mst1 and Mst2, as depletion
of both kinases simultaneously produced accumulations of TAZ
similar to those produced by depletion of PCBP2 alone and deple-
tion of Mst1/2 and PCBP2. Mst1 and Mst2 did not exhibit identi-
cal sensitivities to PCBP2, however, as only Mst1 exhibited cleav-
age and degradation. The amino-terminal kinase domains of both
Mst1 and Mst2 are followed by autoinhibitory domains and pro-
tein-protein interaction (SARAH) domains. Caspase cleavage
sites exist within these autoinhibitory domains; cleavage at these
sites results in loss of the autoinhibitory and SARAH domains,
which prevents association with Sav1 or other potential scaffold
proteins (15, 20). PCBP2 may function directly to stabilize the
Mst1-Sav1 heterodimer and sterically protect Mst1 from cleavage.
PCBP2 could also function indirectly by inhibiting the expression
or activation of proteases that might cleave Mst1. PCBP2 deple-
tion by siRNA is associated with activation of apoptotic markers in
HeLa and glioma cells (36, 37); thus, both mechanisms may be at
work.

In contrast, Mst2 levels and binding to Sav1 were unaffected by
depletion of PCBP2, suggesting that PCBP2 enhances the activity
of the complex, apart from its effects on Mst1 stability. PCBP2
may link or modulate the activities of specific upstream regulators
to the Hippo complex. Upstream signals known to activate Hippo
are diverse, and it is likely that more signals have yet to be identi-
fied. These signals include agonists for G-protein-coupled recep-
tors, mechanical stressors, and cell-cell contacts (16). Alterna-
tively, PCBP2 may enhance the coupling of kinase activity to
downstream targets.

Epistasis links Mst1/2 but not Lats1/2 to PCBP2-mediated
TAZ activity. Although the effects of PCBP2 on TAZ were largely
mediated through Mst1/2 activity, these effects appeared to be
unlinked to Lats, as depletion of Lats1/2 had no effect on the level
of TAZ. The Hippo signaling pathway is not linear in mammalian
cells and tissues, as it is in Drosophila. Not only can Mst1/2 asso-
ciate with more than one type of scaffold/regulator (Sav1 or Rassf1
to -5), they can phosphorylate more than one type of downstream
kinase (Lats1/2 and Ndr1/2) or directly phosphorylate transcrip-
tion factors (FOXO1 and FOXO3) (15, 20). Genetic models of
Mst1 and -2 deficiency in mice indicate that Hippo signaling can
bypass Lats1/2 in the liver (25–27). Basal phosphorylation of
Lats1/2 in mouse liver is not affected by deletion of Mst1/Mst2,
although these mice exhibit diminished YAP phosphorylation, in-
creased hepatocyte proliferation, and tumor formation in the
liver. Our data indicate that Lats1/2 are not required for the basal
regulation of TAZ in MCF10A cells, but Lats1/2 may be recruited
under conditions where Hippo signaling is stimulated. Studies in
breast cancer cell lines indicate that signaling through the G-pro-

FIG 8 Requirement for both Mst1 and Mst2 for PCBP2-mediated changes in
TAZ. (A) Individual contributions of both Mst1 and Mst2 to TAZ regulation.
MCF10A cells were treated with control or Mst1- or Mst2-specific siRNA and
then analyzed by Western blotting for TAZ and GAPDH. (B) Similar effects on
TAZ expression with PCBP2 and Mst1/2 depletion. Cells were treated with the
indicated siRNAs and analyzed by Western blotting (left) with quantification
(right). All experiments were replicated three times. The error bars indicate
SEM. *, P � 0.005; ns, not significant. (C) Lack of effect of Lats1/2 depletion on
TAZ levels. Cells were treated with the indicated siRNAs and analyzed by
Western blotting.
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tein-coupled estrogen receptor activates YAP and TAZ via inhibi-
tion of Lats1/2 kinase activity, an effect that does not appear to
involve Mst1/2 (33). Our data indicated that the basal level of
Hippo signaling in dividing MCF10A cells was sufficient to keep
YAP- and TAZ-dependent transcriptional activity low, as target
gene expression was minimally affected by YAP or TAZ depletion.
PCBP2 may function to preserve this basal level of Hippo signal-
ing in MCF10A cells. Modulating levels of PCBP2 in cells or tissues
may also help to set this basal level of signaling.

PCBP2 affects TAZ to a greater extent than YAP. Our data
indicated that depletion of PCBP2 in MCF10A cells had a greater
effect on TAZ stability than on YAP phosphorylation. TAZ may
have a greater role than YAP in the development of some cancers,
especially breast cancer. TAZ tends to be expressed at high levels in
highly invasive breast cancer cell lines (31) and tumors (32). Here,
we demonstrated an inverse relationship between PCBP2 expres-
sion levels and TAZ levels in two breast cancer cell lines, MCF7
and MDA-MB-231. While correlation does not prove causation,
these results are consistent with a role for PCBP2 in regulating the
activity of Hippo signaling in breast cancer cells. MCF10A cells
engineered to overexpress TAZ exhibit enhanced migration and
anchorage-independent growth (22, 31). In contrast, knockdown
of TAZ in breast cancer cell lines inhibits proliferation (31, 32).

PCBP2 and its paralog, PCBP1, have been identified in many
protein-protein interactions, altering the fate of metals, RNA, and
proteins in the cell. Despite their structural similarity, they exhibit
specific interactions and functions; both are independently essen-
tial to murine development (38). Murine embryos carrying con-
stitutive deletion alleles of PCBP2 die in midgestation with cardio-
vascular and hematopoietic defects. Transcriptome analysis of
liver tissue from these embryos revealed upregulation of numer-
ous genes involved in development, including the TAZ target
Cyr61. Further studies in conditional-deletion models may clarify
the role of PCBP2 in regulating murine cell growth and division.
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