










By contrast, the GSC-hub interface in dUTX testes was disrupted
(Fig. 5B,B′, arrows). GSCs appeared to intrude into the hub area,
leading to an increase of the GSC-hub interface to an average of 5.9
µm (Fig. 6C, second column). We examined whether this defect in
the dUTX mutant niche is due to misregulation of DE-Cadherin.
Using qRT-PCR we detected a ~2-fold increase in the DE-Cadherin
(shotgun – FlyBase) transcript level in dUTX testes compared with
that in the wt control (Fig. 6D). Additionally, we found that
expression of a dominant-negative form of DE-Cadherin (UAS-DE-
CaddCR4h) (Inaba et al., 2010) in germ cells suppressed the dUTX
hub size defect (Fig. 6A,A′,E) and resulted in a decrease of the
GSC-hub interface (Fig. 6C, third column). By contrast,
overexpression of the wild-type DE-Cadherin (UAS-DE-CadDEFL)
(Inaba et al., 2010) in germ cells enhanced the dUTX hub size defect
(Fig. 6B,B′,E) and led to an increase of the GSC-hub interface
(Fig. 6B, arrows, and 6C, fourth column). As a control, when both
forms of DE-Cadherin were expressed in germ cells in the wt
background, no obvious defect was detected (Fig. 6C,E). DE-
Cadherin is unlikely to be the only target gene of dUTX in germ
cells. Therefore, although mutations in dUTX lead to upregulated
DE-Cadherin transcript levels, overexpression of DE-Cadherin
itself in germ cells is not sufficient to recapitulate the dUTX loss-of-
function phenotype. In summary, our data demonstrate that dUTX
acts in germ cells to maintain the proper GSC-hub interface and hub
size by regulating DE-Cadherin transcription.

DISCUSSION
In this study, we identify a new epigenetic mechanism that
negatively regulates the JAK-STAT signaling pathway in the
Drosophila testis niche (Fig. 6F): the H3K27me3-specific
demethylase dUTX acts in CySCs to remove the repressive
H3K27me3 histone modification near the TSS of Socs36E to allow
its active transcription. Socs36E acts upstream to suppress Stat92E
activity and to restrict CySCs from overpopulating the testis niche.
In addition, dUTX acts in CySCs to prevent hyperactivation of
Stat92E in hub cells, which would otherwise ectopically turn on
Zfh1 expression. When we ectopically drove zfh1 cDNA in hub
cells using the upd-Gal4 driver, no obvious defect could be
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identified. Therefore, the biological consequence of ectopic Zfh1
expression in hub cells remains unclear. However, ectopic Zfh1
expression in hub cells and the overpopulation of Zfh1-expressing
cells around the hub are two connected phenomena because both
phenotypes are caused by loss of dUTX in CySCs.

dUTX also acts in GSCs to regulate DE-Cadherin levels to
maintain proper GSC-hub interaction and normal morphology of
the hub. It has been reported that differential expression of
different cadherins causes cells with similar cadherin types and
levels to aggregate (Friedlander et al., 1989; Steinberg and
Takeichi, 1994). In wt testes, hub cells express higher levels of
DE-Cadherin and therefore tightly associate with each other (Le
Bras and Van Doren, 2006). Loss of dUTX in germ cells leads to
higher levels of DE-Cadherin in GSCs, which probably allows
them to intermingle with hub cells and causes disrupted hub
architecture. It has also been demonstrated that the major role of
JAK-STAT in GSCs is for GSC-hub adhesion (Leatherman and
Dinardo, 2010), suggesting that the expression and/or activity of
cell-cell adhesion molecules, such as DE-Cadherin, depends on
JAK-STAT signaling. Therefore, the abnormal DE-Cadherin
activity in GSCs in dUTX testis could also result from
misregulated JAK-STAT signaling in the testis niche.

dUTX is a new negative epigenetic regulator of
the JAK-STAT signaling pathway
The JAK-STAT signaling pathway plays crucial roles in stem cell
maintenance in many different stem cell types across a wide range
of species. Here, our studies identify the histone demethylase dUTX
as a new upstream regulator of the JAK-STAT pathway, which
directly controls the transcription of Socs36E. In addition to acting
as an antagonist of JAK-STAT signaling, Socs36E has been reported
to be a direct target gene of the Stat92E transcription factor (Terry
et al., 2006). Therefore, increased Stat92E would be expected to
upregulate Socs36E expression, but this was not observed in dUTX
mutant testes. Instead, our data revealed that Socs36E expression
decreased, whereas Stat92E expression increased, in dUTX testes,
consistent with the hypothesis that Socs36E is a direct target gene
of dUTX and acts upstream of Stat92E.

Fig. 4. dUTX is required in CySCs and early cyst
cells to prevent hyperactivation of the JAK-
STAT signaling pathway. (A-B′) Immunostaining
using antibodies against Arm (green) and Stat92E
(red). Hub area is outlined by white dotted line and
stem cell zone by yellow dotted line. (A,A′) wt
testis. Arrow points to a gonialblast that is positive
for anti-Stat92E staining. (B,B′) dUTX testis. 
(C) Stat92E mRNA measured by qRT-PCR in five
independent biological replicates, normalized by
fringe. P-value calculated using Student’s t-test.
Error bars represent s.d. (D-E′) Immunostaining
using anti-Arm (green) and anti-Stat92E (red) in
(D,D′) c587-Gal4 control and (E,E′) c587-Gal4; UAS-
dUTX shmiRNA testes. (F,F′) Immunostaining using
anti-Arm (green) and anti-Zfh1 (red) in dUTX;
Stat92E/+ testes. Scale bars: 10 μm.
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Sustained activity of the JAK-STAT pathway in cyst cells has
been reported to activate BMP signaling, which leads to GSC self-
renewal outside the niche and gives rise to a tumor-like phenotype
in testis (Leatherman and Dinardo, 2010). To examine BMP
pathway activity, we performed immunostaining experiments
using antibodies against phospho-SMAD (pSMAD), a
downstream target of BMP signaling. We did not detect any
obvious difference in the pSMAD signal between the dUTX testes
and wt control (data not shown), nor did we detect any germline
tumors in dUTX testes. We speculate that germline tumor
formation upon activation of the JAK-STAT pathway is secondary
to the overproliferation of Zfh1-expressing cells, which was not
observed in dUTX testes.

dUTX coordinates crosstalk among different cell
types within the testis niche
Our study also provides an example of the multidimensional cell-
cell communication that takes place within a stem cell niche. Many
studies of the stem cell niche have focused on understanding niche-
to-stem cell signaling in controlling stem cell identity and activity.
For example, in the Drosophila female GSC niche, Upd secreted
from terminal filaments activates the JAK-STAT pathway in cap
cells and escort cells, which subsequently produce the BMP
pathway ligand Decapentaplegic (Dpp) to activate BMP signaling
and prevent transcription of the differentiation factor bag-of-
marbles (bam) in GSCs (Chen and McKearin, 2003; López-Onieva
et al., 2008). In the Drosophila intestinal stem cell (ISC) niche, the
visceral muscle cells underlying the intestine secrete Wingless to
activate Wnt signaling and Upd to activate JAK-STAT signaling in
ISCs, which are required to maintain ISC identity and activity
(Beebe et al., 2010; Jiang et al., 2009; Lin et al., 2008; Lin et al.,
2010; Xu et al., 2011).

More studies have now revealed the multidirectionality of
signaling within the stem cell niche. For example, in the Drosophila
female GSC niche, GSCs activate Epidermal growth factor receptor
(Egfr) signaling in the neighboring somatic cells, which

RESEARCH ARTICLE Development 140 (5)

subsequently represses expression of the glypican Dally, a protein
required for the stabilization and mobilization of the BMP pathway
ligand Dpp. Through this communication between GSCs and the
surrounding somatic cells, only GSCs maintain high BMP signaling
(Liu et al., 2010). Here, our studies establish another example of
the multidimensional cell-cell communications that occur within
the testis stem cell niche, where CySCs and GSCs have distinct roles
in regulating hub cell identity and morphology.

Distinct biological functions of histone
demethylases
Our data identified new roles of a histone demethylase in regulating
endogenous stem cell niche architecture and proper gene expression.
Previous studies have reported in vivo functions of histone
demethylases in several model organisms. For example, mammalian
UTX has been shown to associate with the H3K4me3 histone
methyltransferase MLL2 (Issaeva et al., 2007), suggesting its
potential antagonistic role to the PcG proteins. The PcG proteins
play a crucial role in Hox gene silencing in both Drosophila and
mammals (Beuchle et al., 2001; Ringrose and Paro, 2007;
Schuettengruber et al., 2007; Schwartz and Pirrotta, 2007).
Consistently, mammalian UTX has been reported to directly bind
and activate the HOXB1 gene locus (Agger et al., 2007). In addition
to antagonizing PcG function, H3K27me3 demethylases play crucial
roles during development. For example, in zebrafish, inactivating
the UTX homolog (kdm6al) using morpholino oligonucleotides leads
to defects in posterior development (Lan et al., 2007), and in C.
elegans the dUTX homolog (UTX-1) is required for embryonic and
postembryonic development (Vandamme et al., 2012), including
gonad development (Agger et al., 2007). Furthermore, loss of UTX
function in embryonic stem cells leads to defects in mesoderm
differentiation (Wang et al., 2012), and somatic cells derived from
UTX loss-of-function human or mouse tissue fail to return to the
ground state of pluripotency (Mansour et al., 2012). These reports
demonstrate that UTX is not only required for proper cellular
differentiation but also for successful reprogramming. However,

Fig. 5. dUTX acts in germ cells to maintain
proper hub size. (A-B′) Immunostaining using
antibodies against Arm (blue) and Vasa (green).
Hub area is outlined (white dotted line). (A,A′) wt
testis. (B,B′) dUTX testis displays enlarged hub.
Arrows indicate GSCs with disrupted GSC-hub
interface. (C) Quantification of average hub area:
94±18.65 μm2 in wt testes versus 181±55.5 μm2 in
dUTX testes. (D) Quantification of average area of
individual hub cells: 8.5±1.1 μm2 in wt testes versus
12.7±2.2 μm2 in dUTX testes. (E) Quantification of
average hub area in testes from males of the
following genotypes: nos-Gal4 control (96±20.35
μm2); nos-Gal4; UAS-dUTX shmiRNA (170±41.7 μm2,
P<0.01); upd-Gal4 control (100±21.4 μm2); upd-
Gal4; UAS-dUTX shmiRNA (99±20.3 μm2, P>0.05);
c587-Gal4 control (109±7.7 μm2); c587-Gal4; UAS-
dUTX shmiRNA (121±31.4 μm2, P>0.05). P-value
calculated using Student’s t-test. Error bars
represent s.d. Scale bars: 10 μm.
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despite multiple reports on the in vivo roles of H3K27me3-specific
demethylases, little is known about their functions in any
endogenous adult stem cell system.

Whereas mammals have multiple H3K27me3 demethylases,
dUTX is the sole H3K27me3-specific demethylase in Drosophila.
This unique feature, plus the well-characterized nature of
Drosophila adult stem cell systems, make interpretation of the
endogenous functions of histone demethylases in Drosophila
unambiguous. Because mammalian UTX has been reported as a
tumor suppressor (van Haaften et al., 2009), understanding the
endogenous functions of dUTX in an adult stem cell system might
facilitate the use of histone demethylases for cancer treatment.

In summary, our results demonstrate that stem cells send
feedback to the niche cells to maintain their proper gene expression
and morphology. Furthermore, this feedback is regulated through
the JAK-STAT signaling pathway, the activity of which is controlled
by a chromatin factor, providing an example of crosstalk between
these two regulatory pathways.
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