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The Hippo tumor-suppressor pathway regulates organ growth,
cell proliferation, and stem cell biology. Defects in Hippo signaling
and hyperactivation of its downstream effectors—Yorkie (Yki) in
Drosophila and YAP/TAZ in mammals—result in progenitor cell
expansion and overgrowth of multiple organs and contribute
to cancer development. Deciphering the mechanisms that regu-
late the activity of the Hippo pathway is key to understanding its
function and for therapeutic targeting. However, although the
Hippo kinase cascade and several other upstream inputs have
been identified, the mechanisms that regulate Yki/YAP/TAZ ac-
tivity are still incompletely understood. To identify new regula-
tors of Yki activity, we screened in Drosophila for suppressors of
tissue overgrowth and Yki activation caused by overexpression
of atypical protein kinase C (aPKC), a member of the apical cell
polarity complex. In this screen, we identified mutations in the
heterogeneous nuclear ribonucleoprotein Hrb27C that strongly
suppressed the tissue defects induced by ectopic expression of
aPKC. Hrb27C was required for aPKC-induced tissue growth and
Yki target gene expression but did not affect general gene ex-
pression. Genetic and biochemical experiments showed that
Hrb27C affects Yki phosphorylation. Other RNA-binding proteins
known to interact with Hrb27C for mRNA transport in oocytes
were also required for normal Yki activity, although they sup-
pressed Yki output. Based on the known functions of Hrb27C, we
conclude that Hrb27C-mediated control of mRNA splicing, local-
ization, or translation is essential for coordinated activity of the
Hippo pathway.

Hippo pathway | Hrb27C | hnRNP | aPKC | RNA-binding proteins

The conserved Hippo tumor suppressor pathway is an impor-
tant regulator of cell proliferation and apoptosis and a key

component of organ growth control (1). The Hippo pathway
comprises a kinase cascade at its core. In Drosophila, these in-
clude the Hippo (Hpo; MST1/2 in mammals) and Warts (Wts;
LATS1/2 in mammals) kinases that phosphorylate and thereby
inactivate the transcriptional cofactor Yorkie (Yki; YAP/TAZ in
mammals) (1). When the Hippo pathway kinases are inactive
and Yki is not phosphorylated, it localizes in nuclei and binds to
the transcription factor Scalloped (Sd; TEAD1–4 in mammals)
to drive expression of target genes such as expanded (ex),
Drosophila inhibitor of apoptosis 1 (diap1), and myc. Upstream,
the Hippo pathway is regulated by multiple external inputs, in-
cluding signals from cell polarity, mechanical forces, and meta-
bolic conditions (1).
The Hippo pathway is involved in the control of organ size and

cell proliferation, and hyperactivation of Yki or YAP/TAZ
causes overgrowth of multiple organs such as imaginal discs in
Drosophila, and liver and heart in mice (1). In the mouse and fly
intestine and in mammalian skin, Yki/YAP hyperactivation
drives stem cell hyperproliferation and expansion of progenitor
cell compartments (1). Coordinated regulation of Hippo path-
way activity is thus essential for normal development and ho-
meostasis (1, 2). Furthermore, activation of YAP contributes to
the development of cancer: YAP and TAZ protein levels and

nuclear localization are elevated in a variety of human cancers,
including liver, lung, breast, skin, colon, and ovarian cancers, and
knockdown of YAP can reverse cancer cell phenotypes in vitro
and in vivo in murine and human cancer models (2). However,
genetic aberrations that directly affect known Hippo pathway
components are rare in most cancers (2). Thus, deregulation of
the Hippo pathway in cancer is likely mediated by unknown
defects in regulatory mechanisms of the pathway.
Numerous upstream inputs that regulate Hippo kinase cas-

cade activity have been identified, including integral membrane
proteins, modulation of mechanical forces, the actin cytoskele-
ton, and protein complexes that establish apical-basal cell po-
larity, such as the Crumbs and atypical protein kinase C (aPKC)
complex (1). However, how the actin cytoskeleton and cell po-
larity complexes regulate Hippo signaling is poorly understood
(1, 2). Thus, unknown mechanisms likely exist that impact Yki/
YAP/TAZ activity and output.
To identify new regulators of Hippo signaling, we used Dro-

sophila to screen for mutations that dominantly suppress eye
phenotypes caused by overexpression of aPKC during eye de-
velopment. aPKC is a component of the apically localized Par
complex, which is important for establishing and maintaining
apical-basal polarity in epithelial cells (3). Loss of epithelial
polarity is a common feature of cancer progression, and up-
regulation of aPKC is observed in non-small-cell lung cancers
(4) and in ovarian cancers, where it contributes to up-regulation
of Cyclin E and poor prognoses (5–7). Overexpression of aPKC
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can promote Yki activity and tissue overgrowth in epithelial cells
of Drosophila imaginal discs (8, 9), the precursors of many adult
fly structures, as well as nuclear accumulation of YAP in mam-
malian cells by disrupting LATS activation (7, 10). In our screen
for suppressors of aPKC-overexpression phenotypes, we identi-
fied mutations in the heterogeneous nuclear ribonucleopro-
tein (hnRNP) Hrb27C gene that strongly suppressed the aPKC-
induced phenotypes. We found that Hrb27C regulates Yki ac-
tivity and is required for Yki target gene expression and proper
growth of imaginal discs. Thus, Hrb27C is a regulator of the
Hippo pathway.

Results
Mutations in Hrb27C Dominantly Suppress the aPKC-Overexpression
Phenotype in the Drosophila Eye. We previously reported that
hyperactivation of aPKC signaling by overexpression of an acti-
vated version of aPKC with a five-amino acid deletion in the
autoregulatory pseudosubstrate domain (aPKCζ*) induced ec-
topic Cyclin E expression, entry into S-phase, and tissue over-
growth in larval eye and wing imaginal discs (5). These larval
overgrowth phenotypes resemble those of Hippo pathway mu-
tants that hyperactivate Yki and, indeed, the canonical Yki tar-
get gene ex was induced in aPKCζ*-overexpressing cells (Fig. 1 A
and B) (8, 9). Similarly, overexpression of a constitutively active,
membrane-targeted form of aPKC (aPKC-CAAX-WT) also in-
duced Yki activity and tissue overgrowth in wing and eye discs (8,
9). Therefore, hyperactivation of aPKC promotes Yki activity in
imaginal discs.
Overexpression of aPKCζ* during the late stages of eye de-

velopment using the GMR-Gal4 driver produced viable adults
with small, rough eyes, a consequence of deregulated cell pro-
liferation and defects in differentiation and apical-basal cell
polarity (5) (Fig. 1 C and D). This phenotype was sensitive to loss

of Sd, the transcription factor partner of Yki (SI Appendix, Fig.
S1 A and B), and we thus used it for a genetic modifier screen to
identify new regulators of Yki activity (Fig. 1 E and F and SI
Appendix, Fig. S1 for screen details). With this strategy, we
identified a complementation group of two mutations (J6 and
F2-1) that are new alleles of Hrb27C, also known as hrp48 (11).
The Hrb27C gene encodes an RNA-binding protein of the
hnRNP family and contains two RNA-recognition motifs and a
glycine-rich motif that mediates protein–protein interactions
(11). Sequencing of the Hrb27C gene from hemizygous J6 and
F2-1mutant animals revealed nonsense mutations at Gln247 and
Trp239, respectively, predicting truncated proteins that lack the
majority of the C-terminal glycine-rich region (Fig. 1I). The
subcellular localization of Hrb27C was mainly cytoplasmic, but
mitotic clones of the newly isolated mutants had strongly re-
duced Hrb27C levels (SI Appendix, Fig. S2 A–C). Notably, a
deficiency that uncovers Hrb27C and Hrb27C knockdown by
RNAi also suppressed the GMR>aPKCζ* phenotype (Fig. 1 G
andH). Thus, theGMR>aPKCζ* phenotype depends on Hrb27C
gene dose.
Hrb27C is conserved in humans, with DAZAP1 being the

closest homolog (12), and is known to control diverse aspects of
mRNA processing such as splicing, localization, and translation
(12–17). Its function has been mostly studied in Drosophila
oocytes, where it regulates osk and grk mRNA transport (13, 14,
17), and it is required for mushroom body formation (18) and
Notch signaling (19, 20) in wing discs. However, Hrb27C has not
previously been linked to Hippo signaling and growth control.
Thus, we sought to identify its function in the Hippo pathway.

Hrb27C Is Required for Yki Target Gene Expression. Because Hrb27C
mutations dominantly suppressed the phenotypes caused by
aPKCζ* overexpression, and because aPKCζ* activates Yki, we
tested whether Hrb27C plays a role in aPKCζ*-driven over-
growth and in Yki target gene expression. We used the dpp-Gal4
and ptc-Gal4 drivers to drive ectopic expression of aPKCζ* and
shRNAs in a stripe of cells along the anterior-posterior com-
partment boundary marked by coexpression of GFP (Fig. 2A)
and used the hh-Gal4 driver to drive ectopic gene expression in
the posterior compartment of imaginal discs (Fig. 2C). We de-
pleted Hrb27C in aPKCζ*-overexpressing cells by coexpressing
either of two different nonoverlapping genome-encoded
shRNAs targeting the Hrb27C mRNA (Hrb27C-RNAi) and
used ex-lacZ as a readout for Yki activity. Notably, expression of
each Hrb27C-RNAi construct caused loss of Hrb27C protein (SI
Appendix, Fig. S2 B and C), confirming that the RNAi constructs
affect the Hrb27C gene. The expression of aPKCζ* induced an
overgrowth of the GFP region and an increase in ex-lacZ ex-
pression (Fig. 1 A and B). Coexpression of Hrb27C-RNAi with
aPKCζ* completely suppressed the aPKCζ*-driven overgrowth
phenotype and the ectopic induction of ex-lacZ expression (Fig. 2
A and B). Notably, Hrb27C knockdown in wild-type cells using
multiple drivers caused a strong reduction of ex-lacZ expression
below normal expression levels in a cell autonomous manner
(Fig. 2 A–D and SI Appendix, Fig. S2F). In addition, Hrb27C
knockdown reduced the expression of other Yki target genes and
readouts, including lacZ enhancer trap reporters for the diap1
and myc genes (1) (Fig. 2 F–I). Conversely, hh-Gal4-driven
Hrb27C overexpression caused an increase in the compartment
size and increased levels of ex-lacZ expression (Fig. 2E). Thus,
Hrb27C is necessary and sufficient for Yki target gene induction
in imaginal disc cells and is required for the elevated Yki output
caused by aPKCζ* overexpression.
Hrb27C is involved in several aspects of mRNA production

and regulation and could have general effects on gene expres-
sion. We thus tested effects of loss of Hrb27C function on the
activity of transcriptional readouts of other signaling pathways.
We found that knockdown of Hrb27C reduced the expression of
the Notch target genes Cut and Wg at the presumptive wing
margin (Fig. 2 J–M), consistent with previous reports (19, 20).
However, the expression of Distal-less (Dll), Dll-lacZ, or Cubitus
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interruptus (a target of the Hedgehog pathway) and the expres-
sion of coexpressed GFP, lacZ, or white-RNAi were not affected
by Hrb27C knockdown (Fig. 2 N–Q and SI Appendix, Fig. S2 H
and I). Therefore, loss of Hrb27C does not cause a general de-
fect in gene expression or protein production and its effect on
the Hippo and other pathways must be due to specific functions
of Hrb27C.
To further explore the requirement of Hrb27C for Yki activity,

we tested the effect of Hrb27C knockdown on a Yki-dependent
luciferase reporter in cultured cells. In this assay, a fusion protein
between Yki and the Gal4 DNA binding domain (Yki-GDBD)
drives expression of a UAS-luciferase reporter in cultured Dro-
sophila Kc cells (21). Cotransfection of cells with dsRNA targeting
Hrb27C resulted in a significant reduction of Yki-GDBD–driven
luciferase expression, while dsRNA targetingGFP or an unrelated
gene (Spase25) had no effect and knockdown of wts resulted in
increased reporter expression as expected (Fig. 2R). To further
test whether knockdown of Hrb27C generally affected tran-
scription, we used an alternative GDBD construct in which Yki
was replaced by Scute. Scute-GDBD is not regulated by the
Hippo pathway but induces UAS-luciferase to about the same
levels as Yki-GDBD (Fig. 2R) (22). Knockdown of Hrb27C had
little effect on Scute-GDBD–induced reporter expression, simi-
lar toGFP, Spase25, or wts knockdown (Fig. 2R). Together, these
results and the in vivo analysis indicate a specific role of Hrb27C
in Yki-dependent gene expression, although Hrb27C likely af-
fects other pathways in addition to the Hippo pathway.

Hrb27C Is Required for Tissue Growth. Animals homozygous for
either one of our Hrb27C alleles or heterozygous over a de-
ficiency covering the Hrb27C region died as severely undersized
third instars with small discs (Fig. 3A). Clones of Hrb27C mutant
cells in imaginal discs were much smaller than their wild-type
twin clones, which are born in the same cell division and serve as
normally growing counterparts (Fig. 3 B and C). Hrb27C mutant
cells in genetic mosaics were also underrepresented in adult eyes,

and mosaic discs that were composed mainly of Hrb27C mutant
cells produced eyes that were small and rough (Fig. 3 D and E).
Similarly, Hrb27C knockdown in entire eye discs by eyeless-Gal4
or in the dorsal eye by DE-Gal4 resulted in adults that had
markedly reduced eyes or small dorsal eye regions, respectively
(Fig. 3 F and G and SI Appendix, Fig. S2 D and E), while
knockdown with hh-Gal4 was pupal lethal and caused severe
reduction of the posterior compartment in third instar discs (Fig.
2 C and D). These defects could be attributed to defects in cell
proliferation, viability, or both. To determine whether Hrb27C is
required for cell proliferation, we assayed BrdU/Edu (5-ethynyl-
2′-deoxyuridine) incorporation and Cyclin E expression. Clones
of Hrb27C mutant cells and posterior compartments of wing
discs with knockdown of Hrb27C had reduced, but not abolished,
BrdU incorporation and Cyclin E levels compared with wild-type
cells (Fig. 3 H and I and SI Appendix, Fig. S3 A and B), most
conspicuously observed in the second mitotic wave where cell
cycles are synchronized (Fig. 3 H and I arrowheads). To assess
whether Hrb27C is required for cell viability, we stained for ap-
optotic cells by anti-cleaved caspase-3 detection. Hrb27C mutant
clones or knockdown of Hrb27C resulted in small clusters of
apoptotic cells that were not present in controls (SI Appendix,
Fig. S3 C and D) and in reduced cell density (SI Appendix, Fig.
S4). In conclusion, cells lacking Hrb27C can still proliferate,
although at a slower rate, and have reduced fitness, resulting in
smaller clones and imaginal discs.
To investigate whether Hrb27C influences cellular differenti-

ation, we monitored expression of markers for photoreceptor R8
specification (Sens) and neuronal differentiation (ELAV and
24B10, which recognizes the terminal differentiation marker
Chaoptin) in eye discs with Hrb27C mutant clones. In wild-type
discs, Sens expression commences in small clusters of cells in the
morphogenetic furrow that then resolve into single cells destined
to become R8 photoreceptors, while ELAV and 24B10 are
expressed in differentiating neurons after their specification
posterior to the morphogenetic furrow (Fig. 3J and SI Appendix,
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Fig. S3 E and F). R8 specification and neuronal patterning was
typical in Hrb27C mutant cells (Fig. 3J), although ELAV-positive
nuclei were displaced basally in the epithelia (Fig. 3J) and
more-posterior clones had normal levels of ELAV and 24B10
expression (Fig. 3J and SI Appendix, Fig. S3 E and F). This
indicates that Hrb27C mutant cells can survive and undergo
differentiation but display mild defects in morphogenesis. Alto-
gether, these data indicate that Hrb27C is essential for cell fit-
ness and that its loss decreases cell proliferation rate and viability
and causes morphological defects in differentiating cells.

Hrb27C Acts Genetically Downstream of Hpo and Wts but Upstream of
Yki. Our epistasis experiments place Hrb27C downstream of
aPKC to control the expression of Yki target genes. To de-
termine where Hrb27C intersects the Hippo pathway, we per-
formed genetic epistasis experiments between Hrb27C and
different Hippo pathway components. First, we tested whether
Hrb27C was required for the up-regulation of ex-lacZ in cells
with hpo or wts knockdown. Knockdown of hpo or wts led to an
increase in ex-lacZ expression (Fig. 4 A, C, and E), but combined
knockdown of hpo or wts with Hrb27C resulted in ex-lacZ levels
that were lower than those in wild-type cells and resembled the
phenotype caused by Hrb27C-RNAi alone (Fig. 4 A–F). Thus,
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Presumptive pouch regions are shown except for G and H, which show the
notum regions, because SdGA impaired pouch development, likely by dis-
rupting normal Sd function that is required for wing development in-
dependent of Yki. (O) Wing imaginal discs expressing ptc-Gal4, UAS-GFP,
Hrb27C-RNAi stained to detect Yki (red or gray) and nuclei (DAPI; blue).
(P) Western blot showing the effect of Hrb27C knockdown on Yki phos-
phorylation in combination with other genetic manipulations, as indicated.
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Hrb27C intersects the Hippo pathway genetically downstream of
Hpo and Wts.
Next, we explored interaction between Hrb27C and the Yki–

Sd transcription factor complex, which acts downstream of Wts.
By default, Sd acts as a repressor, but binding of Yki switches it
to an activator (23). However, expression of constitutively active
forms of Sd, where Sd was fused with the transcriptional acti-
vation of domain of Gal4 (SdGA), is sufficient to drive and rescue
target gene expression in the absence of Yki (24). SdGA ex-
pression alone stimulated overgrowth and up-regulation of ex-
lacZ as expected (Fig. 4G), and SdGA expression together with
Hrb27C knockdown was still sufficient to induce ex-lacZ ex-
pression and tissue overgrowth (Fig. 4H, quantified in SI Ap-
pendix, Fig. S5). Thus, artificial Sd activation can rescue the
growth and gene expression defects of Hrb27C knockdown, in-
dicating that Hrb27C intersects the Hippo pathway upstream
of Sd.
Next, we tested for interaction between Hrb27C and Yki, be-

cause Yki acts in-between Wts and Sd. Yki is phosphorylated by
Wts, which causes its nuclear export and degradation and blocks
Yki–Sd complex formation. Thus, overexpression of a constitu-
tively active Yki mutant (Yki1SA), where the major Wts phos-
phorylation site has been mutated to alanine, cause increasingly
severe overgrowth phenotypes and up-regulation of ex-lacZ ex-
pression in wing and eye discs (Fig. 4I) (25, 26). Notably, over-
expression of Yki1SA rescued the growth phenotype and loss of
ex-lacZ expression caused by Hrb27C knockdown (Fig. 4J and SI
Appendix, Fig. S5). This was surprising because knockdown of wts,
which also causes overgrowth and up-regulation of ex-lacZ, did not
rescue the Hrb27C knockdown phenotype (Fig. 4F and SI Ap-
pendix, Fig. S5). This difference could be explained if Hrb27C
regulated endogenous yki expression, because wts mutant cells
express Yki from the endogenous locus while Yki1SA is expressed
as an intronless cDNA from the artificial UAS promoter. How-
ever, Hrb27C knockdown did not reduce the amount of en-
dogenous Yki protein (Fig. 4O and SI Appendix, Fig. S2G).
Alternatively, Hrb27C may affect the phosphorylation status of
Yki. To test this possibility, we monitored Yki phosphorylation in
eye discs with knockdown of Hrb27C by Western blot (Fig. 4P).
We found that Hrb27C knockdown did not significantly increase
the fraction of phosphorylated Yki in otherwise wild-type discs.
However, most Yki molecules may already be phosphorylated in
wild-type cells, because even overexpression of Wts, which causes
significant tissue reduction like Hrb27C knockdown (27), only led
to a slight increase in Yki phosphorylation (Fig. 4P). To be able to
better observe effects on Yki phosphorylation, we then depleted
Hrb27C in eye discs with reduced levels of phosphorylated Yki.
We thus used discs with wts knockdown as the baseline. We found
that simultaneous knockdown of Hrb27C and wts caused a strong
increase in Yki phosphorylation compared with wts knockdown
alone (Fig. 4P).
We then wanted to genetically distinguish effects on yki gene

expression from effects on Yki phosphorylation. We thus
expressed Hrb27C-RNAi together with wild-type Yki using the
same Gal4/UAS system and yki cDNA backbone as for the
Yki1SA experiment (25). We found that knockdown of Hrb27C
caused a decrease in ex-lacZ expression, even when wild-type Yki
was overexpressed (Fig. 4 K and L). Next, to mimic the over-
growth triggered by Yki1SA, we added wts RNAi to activate the
overexpressed wild-type Yki. Expression of wild-type Yki to-
gether with wts RNAi indeed paralleled the massive overgrowth
and ex-lacZ induction caused by Yki1SA expression (Fig. 4M).
Strikingly, however, knockdown of Hrb27C in this background
fully suppressed the overgrowth and induction of ex-lacZ, in stark
contrast to the overgrowth phenotype of Yki1SA expression with
Hrb27C knockdown (Fig. 4N and SI Appendix, Fig. S5). This
result shows that Hrb27C affects Yki activity, but only when it
has intact Wts phosphorylation sites. Thus, Hrb27C affects the
phosphorylation status of Yki.

Multiple hnRNPs Regulate Yki Activity.Hrb27C is known to regulate
diverse aspects of mRNA biology in different protein complexes.
Its known binding partners include Glorund (Glo), Squid (Sqd),
Syncrip, IGF-II mRNA-binding protein, the translation initiation
factor 4E-binding protein Cup, PolyA-binding protein (PABP),
and many others (12, 16). To test whether any of these (or a
subset of other RNA-binding proteins) regulate Yki function, we
assayed ex-lacZ expression in wing discs with knockdown of
members of different complexes and RNA-binding proteins that
are related to Hrb27C using hh-Gal4 (SI Appendix, Fig. S6).
While knockdown of most of these proteins had no effect,
knockdown of sqd, glo, hfp, and the pAbp-related gene Pabp2
resulted in an increase of ex-lacZ expression similar to that ob-
served with wts knockdown (Fig. 5 A, C, E, and G and SI Ap-
pendix, Fig. S6). Like Hrb27C knockdown, glo, hfp, and Pabp2,
but not sqd, knockdown affected Cut levels in wing discs (SI
Appendix, Fig. S7). To gain insight into the relationships of these
proteins for the regulation of Yki activity, we performed an
epistasis experiment between Hrb27C and Sqd, Glo, Pabp2, or
Hfp. Loss of either Glo or Pabp2 required Hrb27C expression for
the up-regulation of Yki activity, while sqd and hfp knockdown
still up-regulated Yki activity in the absence of Hrb27C (Fig. 5 B,
D, F, and H). We conclude that multiple RNA-binding proteins
affect Yki activity and that Hrb27C acts genetically downstream
of Glo and Pabp2 but upstream of Sqd and Hfp in the pathway
that regulates Yki.

Discussion
Our data support a model in which the RNA-binding protein
Hrb27C modulates the activity of the Hippo pathway effector
Yki. First, Hrb27C loss of function suppressed Yki target gene
expression and reduced tissue growth. Second, Hrb27C acts
genetically downstream of Wts but upstream of Yki and affects
Yki phosphorylation. Third, loss of Hrb27C function does not
disable gene expression in general, although Hrb27C does af-
fect the output of other signaling pathways such as Notch,
Wingless, and Dpp signaling. Fourth, the Hrb27C-interacting
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Fig. 5. Yki regulation by RNA-binding proteins. Wing imaginal discs
expressing hh-Gal4, UAS-GFP (green) plus sqd-RNAi (A), glo-RNAi (C), Pabp2-
RNAi (E), hfp-RNAi (G), and in combination with Hrb27C-RNAi (B, D, F, and H,
respectively). Discs were stained to detect the expression of the ex-lacZ re-
porter (ExZ; red or gray) and nuclei (DAPI; blue).
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proteins—hnRNPs Glo, Hfp, Pabp2, and Sqd—also regulate
Yki target gene expression, either downstream or upstream of
Hrb27C. Therefore, Hrb27C has a specific function required
for normal Hippo pathway output.
How does Hrb27C affect Yki activity? Hrb27C has diverse

functions: It functions as a splicing factor in the nucleus and is
required for the polarized localization and translation of specific
RNAs during oocyte maturation in Drosophila (12). Hrb27C is
mainly cytoplasmic in imaginal disc cells, suggesting a function
downstream of transcription and splicing, such as in mRNA
translation or localization. Our data indicate that Hrb27C reg-
ulates the phosphorylation state of Yki; however, this must be
indirect, as Hrb27C is neither a kinase nor a phosphatase. No-
tably, depletion of Hrb27C caused a strong increase in phospho-
Yki levels, particularly in cells that had wts knockdown. Thus,
Hrb27C may promote Yki dephosphorylation or modulate an-
other kinase that can phosphorylate Yki, such as Tricornered,
although we cannot exclude that it modulates Wts, with residual
levels potentially present in wts knockdown cells. Systematic
hnRNP purification schemes were recently used to identify
mRNAs that are bound to Hrb27C in Drosophila S2 tissue cul-
ture cells and in vivo (28). These experiments identified about
3,000 mRNAs as targets of Hrb27C, including more than half of
the known components of the Hippo pathway (SI Appendix, Fig.
S8). However, how Hrb27C binding affects the function of these
mRNAs and which of them mediate effects of Hrb27C on Yki
activity is not known.
In Drosophila oocytes, Hrb27C interacts with the hnRNPs Sqd

and Glo, among others. Knockdown of sqd, glo, hfp, or Pabp2
resulted in increased ex-lacZ expression, and knockdown of glo,
hfp, and Pabp2, but not sqd, diminished expression of the Notch
target gene Cut. Epistasis experiments revealed that Hrb27C is
required for the up-regulation of Yki activity by glo and Pabp2
knockdown, but not by hfp or sqd knockdown. Thus, Hrb27C
appears to act through different mechanisms in imaginal discs

and oocytes, although it shared phenotypic specificity and acted
downstream of glo and Pabp2, indicating that in discs, these
factors interact in modulating mRNA biology to regulate the
activity of the Hippo and Notch signaling pathways.
Hrb27C has several human homologs, including DAZAP1,

which is important for growth during mouse development (29);
members of the hnRNP A/B family that control cell proliferation
in cancer cell lines (30); and Musashi proteins that play key
functions in stem/progenitor cells in various murine tissues (31).
Notably, several of these proteins have been linked to cancer
phenotypes. The hnRNPs A1, A2, and B1 are frequently over-
expressed in multiple tumor types (including breast and lung
cancers) and are associated with poor prognosis (30, 32, 33).
Furthermore, knockdown of hnRNP A2/B1 induces apoptosis in
cancer cells, but not in normal cells (34), indicating that mem-
bers of this hnRNP family might be novel and promising thera-
peutic targets. Further studies of the mechanisms by which
Hrb27C regulates target gene expression will thus likely reveal
novel mechanisms for the regulation of YAP/TAZ target genes
in developmental and tumor contexts.

Materials and Methods
Methods for Drosophila culture and imaginal disc immunostaining were
performed as described in ref. 22. Antibodies, shRNA, siRNA, and quantita-
tive RT-PCR information is given in SI Appendix, SI Materials and Methods.
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