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Abstract:
In Drosophila, blood development occurs in a specialized larval
hematopoietic organ, the lymph gland (LG), within which stem-like

RI
PT

hemocyte precursors or prohemocytes differentiate to multiple blood
cell types. Here we show that components of the Wingless (Wg)

signaling pathway are expressed in prohemocytes. Loss and gain of
function analysis indicates that canonical Wg signaling is required
for maintenance of prohemocytes and negatively regulates their

SC

differentiation. Wg signals locally in a short range fashion within
different compartments of the LG. In addition, Wg signaling
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positively regulates the proliferation and maintenance of cells that
function as a hematopoietic niche in Drosophila, the Posterior
Signaling Center (PSC), and in the proliferation of crystal cells.
Our studies reveal a conserved function of Wg signaling in the
maintenance of stem-like blood progenitors and reveal an involvement

TE
D

of this pathway in the regulation of hemocyte differentiation
through its action in the hematopoietic niche.

Introduction:

EP

Hematopoiesis is a dynamic process that requires a balance
between the maintenance of hematopoietic stem cells (HSCs) and their

AC
C

differentiation into different blood cell lineages. The genetic
pathways involved in hematopoietic development are conserved across
metazoans (reviewed in Evans et al., 2007). The formation of blood
cells in Drosophila, as in their vertebrate counterparts, is
regulated at the level of multipotent precursors (Mandal et al.,
2007). In Drosophila, larval hematopoiesis occurs in a specialized
organ called the lymph gland (LG), within which immature stem-like
hemocyte precursors or prohemocytes differentiate into three
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different myeloid cell types called plasmatocytes, crystal cells and
lamellocytes (Lanot et al., 2001). It has been previously shown that
stem-like precursor cells and the differentiated cells derived from
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them are located in different and specific compartments of the LG.
Hemocyte precursors are maintained in a medial area of the lymph
gland termed the medullary zone (MZ) while differentiation of

hemocyte lineages occurs in a peripheral region of the gland that
has been termed the cortical zone (CZ) (Jung et al., 2005).

SC

Analogous to the mammalian hematopoietic system, maintenance of
undifferentiated prohemocytes is controlled in part by specialized
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niche cells located at the posterior end of the LG, in a region
named the posterior signaling center (PSC) (Lebestky et al., 2003).
PSC cells are specified early in development during embryogenesis
from the third thoracic segment of the cardiogenic mesoderm by the
homeobox protein Antp, while the hemocyte precursors of the LG

TE
D

develop from the first and second thoracic segments. Recent studies
have shown that the secreted factor Hedgehog and JAK/STAT signaling
mediated by the PSC contribute to the maintenance of prohemocytes
within the MZ (Krzemien et al., 2007; Mandal et al., 2007). In

EP

addition, expression of the Notch ligand Serrate (Ser) in the cells
of the PSC is required for specification of crystal cells of the CZ

AC
C

(Duvic et al., 2002; Lebestky et al., 2003). The identity of
additional signaling pathways required for the maintenance of stemlike hemocyte precursors and their role in allowing undifferentiated
cells to become competent to differentiate remains unclear. In this
study we demonstrate that these processes are partly regulated by
the Wingless (Wg) signaling pathway.
The Wg or Wnt/β-catenin signaling pathway has been implicated in
multiple developmental processes of metazoans, including cell fate
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specification, maintenance and proliferation of diverse tissues
(Grigoryan et al., 2008; Kalani et al., 2008; Orsulic and Peifer,
1996; Siegfried and Perrimon, 1994; Staal et al., 2008). Alteration

RI
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of the Wnt/β-catenin pathway also contributes to the etiology of
several human cancers, including malignant blood disorders

(Deshpande and Buske, 2007; Jauregui et al., 2008; Reya and Clevers,
2005). Wg/Wnt signaling begins through its binding to one or more of

SC

its receptors, Frizzled (Fz) and Drosophila Frizzled 2 (DFz2). The
key component of the canonical Wg/Wnt pathway β-catenin, known in
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Drosophila as Armadillo (Arm), is stabilized upon activation of Wg
signaling through the Fz receptors. Signaling allows a Disheveled
(Dsh)-dependent inactivation of a degradation complex that contains
Axin, APC (Adenomatous Polyposis Coli protein) and glycogen synthase
kinase 3 (GSK3) known in flies as Shaggy (Sgg). This signaling event
prevents Arm degradation and allows it to translocate into the

TE
D

nucleus where together with T-cell factor (TCF) also known as
Drosophila Pangolin (Pan), Arm activates transcription of target
genes. Variations in intracellular Wg signal transduction occur
depending on the interaction between particular Fz receptors and

EP

Wg/Wnt ligands (Gordon and Nusse, 2006).
In this study we demonstrate that expression of Wg protein is

AC
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maintained in stem-like hemocyte precursors of the LG throughout
early stages of larval development but withdraws as cells
differentiate into hemocytes within the CZ. Analysis of loss and
gain of Wg signaling in stem-like precursors indicates that it is
required for maintenance of their stem-like identity within the MZ
and negatively regulates their differentiation into hemocytes of the
CZ through the mediation of both Fz and DFz2 receptors. Wg signaling
occurs locally in the different compartments of the lymph gland
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throughout all developmental stages. In addition to its function in
stem-like precursors, DFz2 mediated Wg signaling positively
regulates proliferation and maintenance of cells within the niche
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and crystal cells of the CZ. Our results reveal that DFz2, but not
Fz, functions in the maintenance of these cell types. The

involvement of the Wg signaling pathway in the regulation of various
hemocyte lineages in Drosophila bears similarities to the contextdependent role of Wnt signaling in vertebrate hematopoietic stem

SC

cells, and suggests its requirement in the function of the
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hematopoietic niche.

Results:

Wg and its receptor are expressed in stem-like hemocyte precursors
of the developing lymph gland

Expression of Wg protein is not detected in embryonic lymph

TE
D

glands (Figure 1, A-B’). It is first detected in a majority of cells
in the lymph gland upon hatching, during the early first instar
(Figure 1, C,C’). In the 2

nd

instar, prior to the onset of

differentiation, Wg is ubiquitiously expressed in the hematopoietic

EP

progenitors of the lymph gland (Figure 1, D,D’). The process of
cortical zone formation begins in the mid 2

nd

instar where a few

AC
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hemocytes at the distal edge of the lymph gland begin to
differentiate, expressing maturation markers hemolectin (hml)
encoding a homolog of mammalian Von Willebrand factor (Goto et al.,
2001), and Peroxidasin (Pxn), a homolog of mammalian heme peroxidase
(Nelson et al., 1994).

At this stage, Wg begins to withdraw in a

number of hemocytes at the distal edge of the LG (Figure 1,E, E’).
Among the Wg negative hemocytes there are the ones that initiate
expression of a reporter for the hml gene (Figure 1 E-F). However
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withdrawal of Wg expression precedes the expression of the hml
marker, and represents the earliest indication of CZ formation
described to date. At 72 hours, Wg continues to be expressed at high
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levels in immature hemocyte precursors but not in the maturing
hemocytes of the CZ (Figure 1, G, G’). As an exception, high level
+

of Wg expression is seen in a rare population of hml hemocytes of
the developing cortical zone, which we determined to be crystal cell
precursors (see later for details). By late 3

rd

instar (108h), a
+

SC

second wave of Wg expression is apparent as mature hml hemocytes of
the cortical zone re-initiate Wg expression (Figure 1, H, H’).

2

nd

instar lymph gland
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found that DFz2 is also expressed in all of the cells of the 1

We
st

and

(Figure 1, I-J). In a manner similar to Wg,

DFz2 is down regulated during the 2

nd

and early 3

rd

instar in

hemocytes located at the distal edge of the LG including the hml

+

cells (Figure 1, K, K’). Similar analyses showed that Arm and Dsh

TE
D

are also expressed in hemocyte precursors and their expression is
down regulated in differentiated cells of the cortical zone (not
shown). DFz2 expressing cells are often grouped together in various
parts of the developing LG (Figure 1, K, K’) and likely represent

EP

cells receiving Wg signal.

AC
C

Canonical Wg signal mediated via Fz and DFz2 receptors is involved
in the proper maintenance of hemocyte precursors
We assessed the role of Wg signaling by removing function of the
Fz and DFz2 receptors using their dominant negative versions.
domeless-Gal4 (domeless(dome), encoding an interleukine-like
receptor (Brown et al., 2001)), which is expressed in the MZ, was
used to express UAS-fz

DN

and UAS-Dfz2

DN

in the stem like hemocyte

precursors. The double mutant combination gives a slightly smaller
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LG but otherwise all phenotypic effects are roughly additive over
removing each receptor individually. Inactivation of the receptors
did not significantly affect the initial differentiation of
hemocytes during the 2
rd

instar (not shown). Later, during early to
+

RI
PT

mid 3

nd

instar, clusters of dome cells are mislocalized to cortical

areas of the LG (Figure 2, A-D). Interestingly, the expression of
Shotgun (Shg), the Drosophila E-cadherin ortholog expressed as a
hallmark indicator of the stem-like hemocyte precursors of the

SC

medullary zone, is dramatically down regulated in the mutant
background (Figure 2, E-H). We speculate that loss of this important
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adhesion molecule contributes to the disruption of the proper zonal
structure of the LG. Next we analyzed the expression of CZ markers
Pxn and P1 in the mutant background. Normally, Pxn is an early
marker for differentiated cells of the cortical zone and it is
+

turned off in all but a very small population of dome hemocyte

TE
D

precursors at the distal edge of the MZ (Figure 2, I, I’). P1 or
Nimrod, an EGF-domain receptor (Kurucz et al., 2007), is a late
marker as it is expressed exclusively in terminally differentiated
plasmatocytes of the CZ (Figure 2, M, M’). Many of the mislocalized

EP

cells in the receptor mutant background express Pxn even though they
are dome positive (Figure 2, I-L and I’-L’). The relative number of
+

AC
C

P1 hemocytes of the CZ is not significantly changed in these mutant
lymph glands except that multiple sites of differentiation of P1

+

cells can now be seen in locations that in wild type would be
considered “ medullary ” (Figure 2, M-P’). The increase in double
+

+

dome /Pxn cells in these mutants indicates that Wg signaling
negatively regulates the differentiation of a population of cells
undergoing a transition in their fate. The expression data also
suggest that Wg functions through Fz and DFz2 receptors. We found

7

ARTICLE IN PRESS

that simultaneous inactivation of these receptors significantly
down-regulates the level of β-Catenin (Arm) in stem-like hemocyte
precursors (not shown), suggesting the involvement of the canonical

RI
PT

pathway. In order to explore the possible role of β-Catenin in this
process we expressed Wg, as well as activated forms of Arm (ArmΔ and
N

S10

Arm ) in the MZ using dome-Gal4 as a driver (Figure 3).

Constitutive activation of the Wg signal in the hemocyte precursors

SC

blocks their ability to differentiate (Figure 3). The cells of the
LG maintain expression of dome and fail to differentiate into mature
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cells of the cortical zone as revealed by using P1 as a marker.
Taken together, loss and gain of function phenotypes suggest that
the Wg pathway is involved in the proper maintenance of hemocyte
precursors and that it negatively regulates the formation of the
cortical zone and the population of the differentiated cells that it

TE
D

contains.

Wg/DFz2 signaling is required for the maintenance and proliferation
of the hematopoietic niche

EP

During Drosophila hematopoietic development, the microenvironment
(niche) that maintains stem-like precursors of the medullary zone

AC
C

are the cells of the PSC that are specified early in embryonic
development by the homeobox protein Antp (Mandal et al., 2007).
Function of Antp is required for the maintenance and proliferation
of PSC cells during embryonic and larval development. Wg protein is
+

expressed in Antp cells of the PSC (Figure 4 A, B) along with DFz2,
Arm and Dsh (Figure 4, C and not shown). During wild-type larval
development, the number of PSC cells increases from 5-8 cells during
the 1

st

instar to approximately 50 cells by the 3

rd

instar (Mandal et

al., 2007). Expression of a dominant negative form of Dfz2 causes
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significant reduction in the number of PSC cells (Figure 4, D, E,
H); no such reduction was found when the dominant negative form of
fz was used (Figure 4, F, H). Overexpression of Wg in the PSC causes

RI
PT

an increase in the number of PSC cells (Figure 4, G, H). These loss
and gain of function analyses suggest a second function of Wg in LG
development through its control of PSC cell number.

Our previous

work has shown that maintenance of the stem-like precursors of the
MZ requires the PSC cells functioning as a niche (Mandal et al.,
DN

in the PSC causes a

SC

2007). We found that expression of Dfz2

significant reduction in the pool of hemocyte precursors and the
rd

instar (Figure 4, I, J). Thus,
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overall size of the LG during the 3

Wg signaling is involved both directly by functioning within the
precursor population and also indirectly by mediating, through the
PSC, the control of stem-like hemocyte number within the lymph

TE
D

gland.

A late requirement of Wg/DFz2 signaling in controlling crystal cell
number

Crystal cells begin to appear in the developing cortical zone

the 3

rd

nd

instar and their number gradually rises during

EP

during the late 2

instar (Jung et al., 2005). The Runx domain protein, Lz, is
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expressed and is required for the specification of crystal cell
precursors (Lebestky et al., 2000). Immunostaining for Wg protein
with the crystal cell markers lz-Gal4, UAS-GFP and prophenoloxidase
(PPO) revealed that Wg is expressed in a fraction of the lz+ cells
+

(Figure 4, K) and in all of the mature PPO crystal cells (Figure 4,
L). DFz2 (Figure 4, M), Arm and Dsh (not shown) are also expressed
in crystal cells and their precursors during late 2

nd

to 3

This is a late expression of Wg signaling components in a

9

rd

instars.
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differentiated cell type and it is likely to have a function
distinct from hemocyte precursor specification. To determine the
role of Wg signaling in crystal cell development we expressed

+
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PT

components of the pathway using lz-Gal4 as a crystal cell specific
driver. Overexpression of Wg protein in lz cells causes an increase
in the number of crystal cells (Figure 4, N, Q). Inactivation of
Dfz2 with a dominant negative version of the receptor causes a

significant reduction in the number of crystal cells (Figure 4, N,

SC

O). We found that down-regulation of DFz2 signaling reduces crystal
cell number to 26 (+/-8) cells compared to 70 (+/-5) cells per LG
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lobe in wild type. Inactivation of fz activity using a lz-Gal4
driver did not affect crystal cell number (Figure 4, P), suggesting
that Wg signaling in crystal cell proliferation is solely mediated
through DFz2. We conclude that Wg plays a role in the maintenance of
the stem-like hemocyte precursors, the hematopoietic niche and at

TE
D

least one differentiated cell type. For the first function, it
requires both Fz and DFz2 receptors whereas the other two functions
involve only the DFz2 receptor (Figure 4, R).

EP

Discussion

Our results demonstrate a requirement for Wg signaling in

AC
C

hematopoiesis, adding to the role of the Notch, Hedgehog, Jak/STAT
and Ras/Raf/MAPK pathways in various aspects of blood development in
Drosophila (reviewed in Evans et al., 2007). It is known that the
Wg/Wnt signaling pathway is required for hematopoietic development
in mammals and its deregulation is involved in leukemogenesis in
humans (Reya and Clevers, 2005; Staal et al., 2008). Although a
large number of studies have explored its function, the role of Wnt
signaling in mammalian hematopoiesis remains unresolved due to the
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often conflicting results obtained from in vitro, in vivo and
misexpression experiments (reviewed in Staal and Sen, 2008).
Independent studies of β-catenin knock out in mice have shown

RI
PT

reduced self-renewal capacity of HSCs (Zhao et al., 2007), while
other studies have suggested that Wnt signaling may still occur in
HSCs lacking both β- and γ-catenins (Jeannet et al., 2008; Koch et
al., 2008). Loss of Wnt signaling derived from the endosteal HSC

SC

niche inhibits the ability of HSCs to reconstitute an immune system
due to loss of quiescence (Fleming et al., 2008). It is not clear
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from these studies if the defects in reconstitution are due to
engraftment problems or stem cell exhaustion. In our studies we took
advantage of Drosophila genetics to help clarify the role of Wg
signaling in hematopoiesis. The lymph gland allows an in vivo model
system in which to visualize the dynamic interactions of Wg with
other pathways and dissect the genetic networks involved in the

TE
D

maintenance of stem-like blood progenitors.
As in vertebrates, hematopoietic development in Drosophila is
controlled at the level of multipotential stem-like cells that are
maintained and eventually differentiate into various mature hemocyte

EP

lineages (Evans et al., 2007; Jung et al., 2005). Our time course
studies show that Wg and other components of the pathway are

AC
C

withdrawn from cells upon their differentiation but maintained in
stem-like hemocyte precursors. Loss and gain of function analyses
indicate that Wg signaling operates through a short-range mechanism
in hemocyte precursors, where local concentrations of Wg negatively
control their differentiation. It is important to note that this
function of Wg signaling is later than its requirement for promoting
development of cardiogenic mesoderm during early embryogenesis
(Mandal et al., 2004), as dome-Gal4 and Wg expressions in LG overlap

11
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only during larval instar. The function of Wg signaling in stem-like
hemocyte precursors is conserved, as the loss of Wnt3a or β-catenin
in mammalian HSCs significantly impairs their self-renewal, while

RI
PT

activation of the pathway exhausts HSCs through a block in
differentiation that increases their self-renewal (Fleming et al.,
2008; Kirstetter et al., 2006; Reya et al., 2003). We have

identified Drosophila E-Cadherin as a target of Wg function in

SC

prohemocytes, where it likely contributes to proper zonation of the
LG. Control of E-Cadherin expression by the Wnt/Wg pathway has been
shown in other invertebrate and vertebrate tissues, indicating a
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conservation of this function (Wang et al., 2007; Wodarz et al.,
2006). The observed deficiency in DE-cadherin expression in stemlike progenitors lacking Wg signaling may provide an additional
similarity to the lack of engraftment of mammalian HSCs exposed to a
Wnt-deficient niche.

TE
D

During hematopoietic development, Wg signaling operates locally
in different compartments of the LG. Importantly, Wg is required for
maintaining proper development of the PSC, the hematopoietic niche.
This indicates that Wg signaling controls maintenance of

EP

hematopoietic progenitors by a dual mechanism, a direct cell
autonomous function in prohemocytes and an indirect regulation that
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C

depends on its role in the development of the niche. An analogous
mechanism has been shown in the mouse system, where a
microenvironment lacking Wnt signaling fails to maintain HSCs in a
quiescent state, reducing their long term reconstituting activity
(Fleming et al., 2008).
The maintenance of stem-like hemocyte precursors is mediated by
integration of a number of signaling pathways. In addition to the
intrinsic function of the Wg pathway in prohemocytes, other niche
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generated extrinsic signals, such as Hh and the JAK/STAT pathways,
participate in this process (Krzemien et al., 2007; Mandal et al.,
2007; Martinez-Agosto et al., 2007). Wg/Wnt signaling function is

RI
PT

important in intestinal stem cells of Drosophila and mammals (Fevr
et al., 2007; Takashima et al., 2008), as well as in mammalian HSCs,
T and B cells (Staal et al., 2008). It is clear that the functions
of Wg signaling in hematopoietic processes of Drosophila are
conserved during mammalian hematopoiesis.

SC

Previous studies have suggested that the function of Fz and DFz2
receptors can be either redundant or distinct depending on the
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signaling context (Bhanot et al., 1999; Gordon and Nusse, 2006). In
this regard, we found that function of Fz receptors is redundant in
prohemocyte maintenance while only DFz2 is utilized for Wg signaling
in cells of the hematopoietic niche and the crystal cells.
Our ability to observe the dynamic pattern of wingless expression

TE
D

across developmental stages established its in vivo role in the
maintenance of stem-like progenitors. The advantage of being able to
manipulate individual cell populations within each compartment of
the lymph gland permitted us to dissect the direct vs. indirect

EP

effects of Wg on blood progenitors. This versatility in analysis
emphasizes the advantages of Drosophila blood development as a model
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of hematopoiesis in which to further investigate the complex events
of Wg signaling and its intricate interaction with other signaling
networks during hematopoietic development.

Experimental procedures
Genetics:
S10

UAS-wg, UAS-arm , lz-Gal4,UAS-GFP, was obtained from Bloomington
Drosophila Stock Center. UAS-Dfz2

GPI

(UAS-Dfz2 ) and UAS-armΔ was

13
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gifted from T. Tabata (Sato et al., 2006). UAS-fz

DN

transgenic flies

were obtained from R.W. Carthew (Zhang and Carthew, 1998). We used
several Gal4 lines that are expressed in different compartments of
lymph glands: Antp-Gal4, Ser-Gal4, dome-Gal4 (Mandal et al., 2007),
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and hmlΔ-Gal4 (Sinenko and Mathey-Prevot, 2004). For control of

Gal4/UAS experiments (Brand and Perrimon, 1993), larvae from crosses
of a particular Gal4 line and w

1118

were used. To restrict transgene
TS

SC

expression to a specific stage of development we utilized the Gal80
technique (McGuire et al., 2003).
Immunohistochemistry:
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Monoclonal antibodies against Wg (4D4) and Arm (N2 7A1 ARMADILLO)
were obtained from the Drosophila Hybridoma Bank. Rabbit antibodies
against DFz2N and mouse anti-Shg were gifted by V. Budnik (Mathew et
al., 2005) and V. Hartenstein (Mandal et al., 2007) respectively.
Hemocyte-specific monoclonal antibodies P1 (anti-Nimrod) and L1 were

TE
D

obtained from I. Ando (Kurucz et al., 2007); mouse anti-Pxn was a
gift from J.H. Fessler (Nelson et al., 1994); and rabbit anti-PPO2
from F. Kafatos (Muller et al., 1999). To visualize cell nuclei we
performed DNA staining utilizing the dye ToPro3 (Molecular Probes).

EP

Cy3- or FITC- labeled anti-mouse, -rat, and -rabbit secondary
antibodies were obtained from Jackson ImmunoResearch Laboratories,

AC
C

Inc. Lymph gland immunostaining was performed as previously
described (Lebestky et al., 2000) with the following modifications.
To stage larvae, crosses were set up in grape juice agar plates and
hatching 1st instar larvae were transferred to small Petri dishes
o

o

with regular food medium at 25 C or 29 C and allowed to grow.
Dissected larvae with attached LG were fixed with 4% methanol-free
formaldehyde (Polysciences, Inc) for 20min at room temperature. For
immunostaining with anti-Wg antibodies we used a PBS-TBSA solution
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consisting of PBS with 0.1% Tween-20 (Fisher Scientific) and 1% BSA
(Roche).
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Figure legends:

Figure 1. Wg protein and its receptor are expressed in immature

RI
PT

hemocyte precursors during lymph gland development.
hml-Gal4, UAS-GFP was used to monitor expression of the hml gene.
Wg, Odd and DFz2 expression was monitored by antibody staining

(color coded in the panels). To visualize nuclei, ToPro-3 (blue) was

SC

used. Hours after larval hatching are as indicated in each panel.
Scale bar: 10μm.

At embryonic stages 14 (A, A’) and 16 (B, B’) Wg protein (red) is

M
AN
U

not detected in the lymph gland (LG), marked by Odd (green in A’,
B’). During the first instar, expression of Wg protein (red in C,
C’) initiates in all cells of the LG.

Wg (red) is uniformly

expressed in the LG during early to mid 2
During the mid to late 2

nd

nd

instar (D, D’).

instar, expression of Wg protein (red in

TE
D

E, E’) is down regulated in maturing hemocytes at the distal edge of
the LG (outlined by dotted line). At this stage, among Wg-negative
hemocytes are cells that express hml (green, E’), marking the onset
of hemocyte differentiation in the developing CZ. For clarity,

EP

corresponding magnified images are shown on the right side of the
panels from E to H.
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During early (F, F’) to mid (G, G’) third instar, Wg (red) is not
+

expressed in the maturing hml hemocytes of the CZ (F’, G’, green,
outlined by dotted line) while its expression is maintained in the
prohemocytes of the MZ. A small number of scattered cells within the
CZ expressing Wg were later determined to be crystal cells (see
Figure 4).
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During late 3

rd

instar, expression of Wg protein (red in H, H’), is

maintained in prohemocytes, and in a second wave of expression is
+

turned on in mature hml hemocytes (H’, green).

precursors of LG during 1
During late 2

nd

st

(I) to mid 2

nd
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DFz2 protein (gray) is uniformly expressed in immature hemocyte
(J) instar.

instar, DFz2 (gray) is expressed in immature hemocyte

precursors and in a manner similar to Wg, is down regulated in
+

maturing hml hemocytes (K, K’; green) of the developing CZ (hml

+

SC

cells are outlined by dotted lines in high magnification images on
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the right panels).

Figure 2. Wg signaling via Fz and DFz2 receptors is required for the
proper maintenance of hemocyte precursors.
+

Genotypes (dome is an abbreviation for dome-Gal4, UAS-GFP) are
listed on the top and drivers and antibodies for detection on the

TE
D

left edge of the panels. Antibodies and the markers are color coded
in the appropriate panels. Images represent accrued 6μm confocal
+

sections through the LG. (A-D) Redistribution of dome cells in
fz/Dfz2 mutants. (A) In wild type (WT), prohemocytes marked by dome

EP

(green), are restricted to the medullary area of the LG.
In single mutant (B, C) and in double mutant (D) backgrounds,
+

AC
C

dome>GFP prohemocytes can be found in cortical areas while dome>GFP
negative cells often reside inside the MZ compartment (indicated by
arrows).

(E-H) Expression of DE-cadherin (Shg) is down regulated in fz/Dfz2
mutants. In WT (E) Shg (red) is expressed in the MZ, while in single
(F, G) and double (H) mutants of the receptors, the expression of
Shg is significantly reduced

(edges of the LG are outlined by a

dotted line).
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(I-L’) Expression of Pxn, an early maturation marker, is up
+

regulated in dome>GFP cells of fz/Dfz2 mutants. In wild type (I,
I’), Pxn is expressed in mature hemocytes of the CZ and in rare
+

RI
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dome hemocyte precursors located at the edge of the MZ (indicated
by arrow in I’, which is the magnified area within the dotted circle
in I). In single mutants (J, J’ and K, K’) and in the double mutant
+

+

(L, L’) there is a significant increase in dome /Pxn double positive
cells that represent immature hemocytes in a transition state of

SC

differentiation (J’ to L’, indicated by arrows).

(M-P’) In fz/Dfz2 mutants the terminal differentiation of

M
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plasmatocytes is not affected as revealed by the expression of the
late differentiation marker, P1. In WT (M, M’), as well as in single
(N, N’ and O, O’) and in double (P, P’) mutants, P1 expression is
restricted to mature hemocytes of the CZ. Higher magnification
images (M’ to P’) of corresponding areas of LG outlined in M through

o

maintained at 29 C.
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P are shown. Lymph glands were analyzed at 68h after larval hatching

Figure 3. Constitutive activation of Wg signaling blocks

EP

differentiation of hemocyte precursors.
Genotypes are shown on top of corresponding panels. In wild type 3

rd

AC
C

instar LG the cortical zone is properly developed and populated by
differentiating hemocytes as revealed by staining with the
plasmatocyte marker, P1 (A, red). For clarity, magnified images of
the LG areas are shown on the right side of the major panels, with
the arrowheads demarcating the extent of the CZ. Upon activation of
Wg signaling in prohemocytes by overexpression of Wg (B) or
expression of the activated forms of D-β-catenin (Arm) (C, D), the
development of the CZ is dramatically suppressed. In these mutants
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the CZ represents only one or two cell layer of P1-positive cells
(arrowheads).
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Figure 4. Roles of Wg signaling in controlling proliferation of PSC
and crystal cells

Genotypes are shown on top of each panel (A-G, I, J). Antp-Gal4,
UAS-GFP and Ser-Gal4, UAS-GFP are abbreviated as Antp>GFP and

Ser>GFP correspondingly, and they both mark cells of the PSC. AntpDN

DN

is abbreviated as Antp>GFP>Dfz2 .

SC

Gal4,UAS-GFP;UAS-Dfz2

In wild type, Wg protein (red) is expressed in the PSC adjoining
+

st

(A, A’) through the 3
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with Antp>GFP cells during the 1

rd

(B, B’)

larval instar. DFz2 protein (red) is also expressed in the PSC
+

overlapping with a subset of Ser>GFP cells in the 3

rd

instar (C,

C’). Inactivation of Dfz2 (compare D and E) but not fz (compare D
and F) causes a significant reduction in size of the PSC (green).
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Overexpression of Wg using Antp-Gal4 causes a significant
enlargement in the size of the PSC (G, green). (H) Quantitation of
average number of cells per PSC (n=10) in wild-type (WT), mutant
receptor, and Wg overexpressed genetic backgrounds as indicated

EP

(standard deviations indicated as error bars). (I, J) Defect of PSC
caused by lack of DFz2 signaling suppresses development of the LG.
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In wild type (I) MZ (blue) and CZ (red, as revealed by P1 staining)
are properly developed. In LG with a deficit of PSC cells (J) there
is a significant reduction in MZ (blue) and the overall size of the
LG (margins of the LG are outlined by a dotted line, scale bar:
10μm).

(K-Q) Requirement of Wg/DFz2 signaling in controlling the number of
crystal cells.
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+

Wg (red in K, K’) is expressed in a population of lz>GFP crystal
cells (green in K’, indicated by arrows). Wg is expressed in mature
+

PPO crystal cells (green in L’). DFz2 protein (red in M, M’) is
+
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expressed in lz>GFP crystal cells (green in M’). (N to Q) Genotypes
are listed on top of the corresponding panels. Normal numbers of
crystal cells in the wild-type LG (N, green). Number of crystal

cells in Dfz2 mutant (O, green) is significantly reduced while the
number of crystal cells is not affected in fz mutant (P, green).

SC

Activation of Wg signaling in crystal cell precursors causes an
increase in the number of crystal cells (Q).
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(R) Multiple roles of Wg signaling in regulating hematopoietic
development.

(i) Short range Wg signaling mediated through Fz/DFz2 receptors is
involved in maintaining undifferentiated hemocyte precursors in the
MZ. Wg positively regulates the expression of Shg and down regulates

TE
D

Pxn expression in hemocyte precursors suppressing development of the
cortical zone. Inactivation of Wg signaling promotes hemocyte
precursors toward differentiation as evident by an increase in
+

+

double positive (dome /Pxn ) transition stage hemocytes.

EP

(ii) Local Wg signaling through the DFz2 receptor is required for
maintenance and proliferation of PSC cells and indirectly controls
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C

number of prohemocytes.

(iii) Local Wg signaling mediated through the DFz2 receptor, is
required for proliferation of crystal cells in the cortical zone.
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Short summary:
Loss and gain of function genetic studies provided here reveal
that Wg signaling controls maintenance of hematopoietic progenitors
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in Drosophila lymph gland by a dual mechanism, a direct local
function in stem-like blood progenitors and an indirect regulation
that depends on its role in the development of the hematopoietic
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SC

niche.
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