












Ad-GFP-expressing cells. Cell treatment with function-blocking
antibodies against integrin subunits showed that Notch reporter
activity was significantly reduced in the presence of anti-β1, anti-β3
and anti-αvβ3 neutralizing antibodies, indicating that CCN1 binding
to several integrin subtypes induced Notch pathway activation
(supplementary material Fig. S7F). Thus, the establishment of a
properly patterned vascular tree is, at least in part, dependent on
CCN1-integrin signaling during sprouting angiogenesis in the retina.

DISCUSSION
The ECM is composed of various bioactive molecules with potential
functions in the onset and/or termination of angiogenesis. Studies
aimed at unraveling the effects of specific ECM proteins on the

behavior of ECs and the shaping of the vascular network could
conceivably identify new therapeutic targets in the ECM and
substantially improve existing tools for clinical use in angiogenesis-
driven diseases, including the preponderant neovascular diseases of
the retina (Yan and Chaqour, 2013). Here, we show that CCN1 is
largely expressed by retinal angiogenic ECs at the forefront of the
growing vascular network during sprouting angiogenesis. Specific
deletion of CCN1 in ECs induced endothelial hyperplasia and the
formation of a vascular network with immature characteristics, as
retinal vessels failed to form correctly and to remodel from an initial
primitive plexus into their typical hierarchical organization. In
addition, the mouse model of EC-specific CCN1 deletion revealed
that not only does CCN1 regulate the dynamics of endothelial cell

Fig. 6. Loss of CCN1 potentiates VEGF-R2 downstream signaling through Rho GTAse and MAPK activation during retinal vessel formation. (A-F) Rho
A, Cdc42 and Rac activation status as determined by GTPase assay in retinal extracts from wild-type, iΔEC+/− and iΔEC−/− mice. Protein band signals were
normalized to total input of each GTPase (B,D,F). **P<0.01 versus CCN1+/+ (n=3). (G,H) Expression of signaling kinases (Rasip1 and Arhgap29) upstream
of Cdc42/Rac1 GTPases. The same blots were stripped and washed before subsequent incubation with antibody against the indicated proteins. Experiments
were performed on at least three different retinal lysate preparations with similar results. **P<0.05 versus CCN1+/+. (I) Effects of CCN1 deletion on the activation
of Cdc42. Transverse sections of P6 retinas were labeled with either Cdc42-GTP-specific antibody or IB4. Note that the active Cdc42-GTP was largely localized
within the vasculature of both control CCN1+/+ and iΔEC−/− mice (arrows). GCL, ganglion cell layer; IPL, inner plexiform layer. (J-O) Phosphorylation status of
signaling kinases (Pak2, Pak4 and Erk1/2) downstream of Cdc42/Rac1 GTPases. Phosphorylated protein levels were normalized to those of the corresponding
non-phosphorylated protein signal. *P<0.01 versus CCN1+/+. (P) PI3-K activity in retinal protein lysates as determined by PI3-K activity ELISA assay. *P<0.001
versus CCN1+/+ (n=4).

2370

RESEARCH ARTICLE Development (2015) 142, 2364-2374 doi:10.1242/dev.121913

D
E
V
E
LO

P
M

E
N
T



phenotypical plasticity but also fine-tunes via integrin-binding
canonical VEGF action. Previously, Mo et al. have shown that
ubiquitousCCN1 gene deletion inmice led to embryonic lethality as a
result of severe vascular defects and abnormal heart development (Mo
and Lau, 2006). This conventional knockout of CCN1, which largely
focused on analyzing the vascular phenotype of the aorta, revealed
spatially disorganized, some apoptotic, ECs, and pericytes that were
loosely associated with a disintegrated basal lamina (Mo et al., 2002).
The dissimilarities of the vascular phenotypes of EC-specific and
ubiquitous CCN1 deletion might reflect both the uniqueness of the
mechanisms underlying postnatal sprouting angiogenesis in the retina
and the cell type- and context-specific activities of CCN1, which
depend on the availability of interacting partners in different vascular
beds. Of note, the severe phenotype in conventional CCN1 mutant
mice made it challenging to distinguish a direct effect of CCN1 gene
deletion from a secondary effect (e.g. placental insufficiency).
Conversely, EC-specific loss of CCN1 in mice, unambiguously
demonstrated that CCN1 is a crucial component of the EC secretome
with autocrine and paracrine activities.
CCN1 deletion selectively enhanced VEGF-R2 phosphotyrosine

activity at Y1175, which supports Akt and MAPK p44/42
phosphorylation (supplementary material Fig. S8) by, at least in
part, decreasing the gene expression and protein activity of the
phosphatase SHP-1. Interestingly, Hayashi et al. have shown that in
mouse embryoid bodies and zebra fish, VEGF-R2 phosphorylation
was regulated by the vascular endothelial-phosphotyrosine
phosphatase (VE-PTP), which dephosphorylates VEGF-R2 on
Y1175 (Hayashi et al., 2013). Whether VE-PTP similarly affects
VEGF-R2 phosphorylation during sprouting angiogenesis in the
retina is unknown. Nonetheless, the same study also showed that VE-
PTPactivitywas localized toVEGF-R2of endothelial junctions, as its
silencing preferentially increased the junctional localization of active
VEGF-R2. As SHP-1 has not, thus far, been shown to be confined to
specific cellular localization, the action of both phosphatases on

VEGF-R2 are probably required for a complete and efficient control
of VEGF-R2 activity. Moreover, our data showed that the formation
of the VEGF-R-SHP-1 complex was not constitutive but rather
required CCN1 interaction with integrin β1. Of the 22 currently
recognized integrin heterodimers, at least seven (αvβ3, αvβ5, αvβ1,
α1β1, α2β1, α3β1 and α5β1) are expressed by ECs and have been
implicated in vascular morphogenesis (Hynes and Bader, 1997). In
particular, β1 integrin was shown to be a negative regulator of
proliferation (Yamamoto et al., 2015), and its loss led to disruption
of arterial EC polarity and lumen formation, vessel-branching
abnormalities and formation of hemorrhaging vessels (Zovein
et al., 2010), mimicking, at least in part, the endothelial CCN1
deletion phenotype. CCN1 signaling involves either interaction with
a single integrin type or the concerted binding to several
integrins and/or growth factors and growth factor receptors. CCN1
co-immunoprecipitation with VEGF-R2 and SHP-1 indicated that
CCN1 is part of a larger signaling complex, including membrane
receptors as well as extracellular and intracellular components.
Interestingly, Guillon-Munos et al. have previously demonstrated that
CCN1 physically interacts with VEGF (Guillon-Munos et al., 2011).
Whether such interaction occurs in vivo and regulates VEGF
bioavailability and VEGF-R2 signaling is still unknown. A scenario
which also merits further investigations is the molecular basis for
CCN1-dependent regulation of SHP-1 activity, which largely resides
within the C-terminus of SHP-1 and includes (i) phosphorylation of
serines and tyrosines by kinases, such as Lyn, Lck and Src (Frank
et al., 2004); (ii)membrane lipid interaction and lipid raft localization;
and (iii) proline-rich domain interactionmotifs for recruitment of SH3
domain-containing proteins (Kawakami et al., 2012).

Another important result of our study design is that CCN1
expression affected Dll4/Notch signaling, which regulates
endothelial tip and stalk phenotypes. Endothelial loss of CCN1
reduced Dll4 expression and produced striking morphological
changes, similar to those reported for Dll4/Notch inhibition

Fig. 7. Endothelial-specific deletion of
CCN1 impairs Dll4/Notch Signaling.
(A) Typical vascular fronts of flat-mounted
IB4-stained retinas from control CCN1+/+

and iΔEC−/− mouse pups. IB4 staining was
overexposed to visualize the filopodia
(scored with yellow dots) at the vascular
front. (B) Quantification of filopodia-rich
endothelial tip cells in the retina of iΔEC−/−

mice and their control counterparts. Values
represent means±s.d. Tip cells were
counted in four equivalent areas of retinas
of six control and six iΔEC−/−mouse retinas.
*P<0.05 versus CCN1+/+. (C) Typical
pattern of Dll4 protein localization in tip and
stalk cells in the retina of P4 control and
mutant iΔEC−/− mice. Whole-retinal-mount
immunostaining for IB4 (in red) and Dll4
(white) in retinas of P4 control and mutant
iΔEC−/− mice. Yellow circles highlight the
Dll4 staining. (D) Quantification of the
percentage of Dll4+ signal normalized to
IB4+ area shown in C.
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(Cristofaro et al., 2013). Thus far, hypoxia-driven VEGF-VEGF-R2
signaling has been widely reported as a major inducer of the
expression of Dll4 in tip cells (Sainson andHarris, 2006). Our studies
further showed that endothelial loss of CCN1 in vivo or interference
with VEGF-induced CCN1 expression in vitro significantly reduced
Dll4 expression in ECs. In addition, loss of CCN1 was accompanied
by a simultaneous reduction of VEGF-R3, which, as suggested by
other studies, activates Notch in a Dll4-independent non-canonical
manner (Tammela et al., 2011). Thus, integrin-dependent action of
CCN1 on Dll4 expression and Notch signaling might reflect/mediate
not only VEGF-R2- but also VEGF-R3-dependent regulation of
Notch signaling. Several studies have previously used mouse
genetics to investigate the regulation of Dll4/Notch-dependent cell-
cell signaling by VEGF-R2 and VEGF-R3. Benedito et al. showed
that Dll4 protein expression in retinal tip cells is only weakly
modulated by VEGF-R2 signaling (Benedito et al., 2012).
Reversibly, Notch inhibition had no major impact on VEGF-R2
expression, and perturbed endothelial sprouting and proliferation
even in the absence of VEGF-R2. The same study emphasized a
rather important role of VEGF-R3 in the regulation of sprouting of
ECs with low Notch signaling activity. Another study by Zarkada
et al. demonstrated that genetic ablation of VEGF-R2 alone or in
combination with VEGF-R3 prevented the increase of vascular
density induced by Notch activation, suggesting that VEGF-R2 but
not VEGF-R3 is required for the hypersprouting that occurred in the
absence of Notch activation (Zarkada et al., 2015). In the same study,
VEGF-R2 was required independently of VEGF-R3 for endothelial
Dll4 upregulation and angiogenic sprouting, and for VEGF-R3
function in angiogenesis. Discrepancies among these observations
reported by different groups of investigators might largely be due to
the different approaches used to examine the functions of individual
VEGF receptors and the dose-dependent effects of receptor functions.
Of particular interest, increased Dll4 was observed in VEGF-R2-
deficient mouse endothelium after Notch inhibition, suggesting that
one ormore additional factor(s) is orare involved (Zarkada et al., 2015).
This is consistent with the independent action of CCN1 on the
activation of Dll4/Notch signaling. However, a separate study by
Stenzel et al. has also identified laminin, alpha 4 (Lama4) as a regulator
of tip cell specification (Stenzel et al., 2011). Thus, the action of CCN1
and Lama4 might be coordinated both temporally and spatially to
modulate Dll4 expression and Notch 1 activity during the highly
dynamic process of inter-endothelial cell communication.
Taken together, these studies suggest that CCN1-EC cross-talk

controls, directly via integrin signaling and indirectly by fine tuning
VEGF signaling, the phenotypical plasticity of ECs and vessel
morphogenesis. This information could be useful for the design of
therapeutic approaches to treat neovascular diseases of the eye.

MATERIALS AND METHODS
Mice
GENSAT Tg(Cyr61-EGFP)HA63Gsat (015210-UCD) mice, referred to
herein as CCN1:GFP mice carrying enhanced green fluorescent protein
(GFP) under the control of the CCN1 promoter, were developed under the
NINDS-funded GENSAT BAC transgenic project (Gong et al., 2003) and
obtained from the Mutant Mouse Regional Resource Center. CCN1:GFP
mice were initially generated and maintained in an FVB/N-Swiss Webster
background and later backcrossed for >10 times in the C57BL/6J genetic
background. CCN1flox/flox mice (Kim et al., 2013) and Cdh5 (PAC)-
CreERT2 (Sorensen et al., 2009) and ROSA26 Cre reporter (JAX Lab)
(Soriano, 1999) transgenic lines have been described previously. Mice were
handled and housed according to the approved Institutional Animal Care
and Use Committee (IACUC) protocol 11-10251 of SUNY Downstate
Medical Center, NY, USA.

Generation of the CCN1 conditional allele
Mice with endothelial-specific deletion of CCN1 were generated by
cross-breeding CCN1flox/flox with Cdh5 (PAC)-CreERT2 mice to produce
CCN1flox/+ CDH5-Cre−/− andCCN1flox/+ CDH5-Cre+/−. The latter were further
crossed among each other or with CCN1flox/flox to produce CCN1flox/+

CDH5-Cre+/−, CCN1flox/+CDH5-Cre−/− or CCN1flox/floxCDH5-Cre+/−

mice. A solution of 4-hydroxytamoxifen (4HT) was dissolved in ethanol
at 10 mg/ml, and then four volumes of sunflower seed oil were added.
Samples of 4HT were thawed and diluted in sunflower seed oil prior to
intraperitoneal injection of 100 µl to mouse pups. Lactating mothers were
simultaneously given a single daily injection of 4HT (2 mg) to increase
recombination efficiency (Weber et al., 2009). Genotyping was determined
by qPCR to identify mice with floxed alleles, hemizygous floxed allele and
Cre allele (iΔEC+/−), and homozygous floxed alleles and one Cre allele
(iΔEC−/−) (supplementary material Fig. S1A). Recombination levels in
iΔEC−/− mice as compared with CCN1+/+ were determined as described
previously (Kim et al., 2013).

RNA in situ hybridization
Eyes were fixed in 4% paraformaldehyde (PFA) for 2 min and dissected in
phosphate-buffered saline (PBS). Retinas were flattened and fixed in 100%
ice-cold methanol for 16 h. Retinas were further fixed in 4% PFA for 10 min
and washed in PBS before digestion for 10 min in proteinase K (80 µg/ml).
In situ hybridization was performed using denatured CCN1 RNA probes as
previously described (O’Brien and Lau, 1992).

Bromo-2-deoxyuridine (BrdU) incorporation assay
BrdU was administered at 10 mg/kg intraperitoneally at P5. For BrdU
labeling, retinas were digested with proteinase K (10 µg/ml), fixed in 4%
PFA, treated with DNase I (0.1 U/ml) for 2 h at 37°C and incubated with
anti-BrdU antibody (BD Pharmingen). ECs were visualized by staining with
isolectin B4 (Vector Laboratories, RL-1102; 1:250 dilution) or anti-
endomucin antibody (eBioscience, 14-4852; 1:250 dilution) and BrdU was
detected using directly conjugated mouse anti-BrdU Alexa 488 (Molecular
Probes, A21202; 1:500 dilution).

Quantification of retinal vessel density, migration and lacunarity
Fields of views at the sprouting vascular front of the retinal vascular
networks from control and mutant mice were captured using a 40×
objective lens and included regions of capillary-sized vessels directly
adjacent to radial arterioles (Chang et al., 2007). Vascular parameters were
measured using the AngioTool software (Zudaire et al., 2011). For each
quantification, at least four fluorescent images/retina were taken from 4-5
mice. The data are presented as means±s.e.m. The statistical significance
of differences among mean values was determined by one-way ANOVA,
and two-tailed t-test statistical analysis was performed with a P-value
<0.05.

RNA isolation and quantitative analysis of mRNA
Quantitative analysis of mRNAs by qPCR was performed using TaqMan
technology on ABI 7000 sequence detection system (Applied Biosystems)
as previously described (Chintala et al., 2012). The primers used are further
described in the supplementary material methods.

Immunofluorescence and immunoblotting
Immunohistochemical analyses of retinal tissue and protein analyses by
western imunoblotting were performed as previously described (Chintala
et al., 2012). For further details, see the supplementary material methods.

Cell culture infection, transfection and luciferase reporter assay
In vitro studies were performed with retinal ECs (CellPro Labs) and
maintained in culture according to the manufacturer’s instructions. Cells at
80% confluence were transduced with adenoviral vectors and/or transfected
with scrambled siRNA, CCN1 siRNAs (Qiagen) or luciferase reporter
plasmids [e.g. CBF-1/RBP-JK-driven promoter plasmid (Promega) and the
pCMV-Cluc2 vector (New England Biolabs) containing the Cypridina
luciferase gene as a control]. Cells were incubated in low-glucose
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Dulbecco’s Modified Eagle Medium without serum as previously described
(Lee et al., 2007; Liu et al., 2008) and processed for analyses as described in
the text. The proliferation rate of ECs was determined using the CyQUANT
Direct Cell Proliferation Assay (Invitrogen). Cell adhesion on individual
extracellular matrix substrates was performed as previously described
(Estrach et al., 2011; Liu et al., 2008).

Immunoprecipitation
Total proteins (∼10 mg) of cultured cell lysates were transferred to tubes
with antibody-bound protein G beads and rocked gently at 4°C overnight.
Non-specific bound proteins were removed with five washes with 1× PBS
containing 1% NP-40. Immunoprecipitation products were extracted from
the protein G beads using Laemmli sample buffer and were further analyzed
by western immunoblotting.

Rho GTPase activation pull-down, PI-3 kinase and SHP-1 activity
assays
The activation of the Rho GTPases, RhoA, Cdc42 and Rac was determined
as previously described (Han et al., 2003), using Activation Assay Biochem
Kits (Cytoskeleton). SHP-1 phosphatase activity in cell and tissue lysates
was determined by immunoprecipitation of SHP-1, followed by a
colorimetric assay using the SensoLyte pNPP protein phosphatase assay
kit (AnaSpec). PI-3 kinase activity was determined using PI3 kinase activity
ELISA assay (Echelon Biosciences). For further details, see the
supplementary material methods.

Statistical analyses
Statistical analyses were performed using the Prism software for Windows
Version 4 from GraphPad, as previously described (Choi et al., 2013; Liu
et al., 2008).
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Weber, T., Böhm, G., Hermann, E., Schütz, G., Schönig, K. and Bartsch, D.
(2009). Inducible gene manipulations in serotonergic neurons. Front. Mol.
Neurosci. 2, 24.

Xu, K., Chong, D. C., Rankin, S. A., Zorn, A. M. and Cleaver, O. (2009). Rasip1 is
required for endothelial cell motility, angiogenesis and vessel formation.Dev. Biol.
329, 269-279.

Xu, K., Sacharidou, A., Fu, S., Chong, D. C., Skaug, B., Chen, Z. J., Davis, G. E.
and Cleaver, O. (2011). Blood vessel tubulogenesis requires Rasip1 regulation of
GTPase signaling. Dev. Cell 20, 526-539.

Yamamoto, H., Ehling, M., Kato, K., Kanai, K., van Lessen, M., Frye, M.,
Zeuschner, D., Nakayama,M., Vestweber, D. andAdams, R. H. (2015). Integrin
beta1 controls VE-cadherin localization and blood vessel stability. Nat. Commun.
6, 6429.

Yan, L. and Chaqour, B. (2013). Cysteine-rich protein 61 (CCN1) and connective
tissue growth factor (CCN2) at the crosshairs of ocular neovascular and
fibrovascular disease therapy. J. Cell Commun. Signal. 7, 253-263.

Yang, R., Amir, J., Liu, H. and Chaqour, B. (2008). Mechanical strain activates a
program of genes functionally involved in paracrine signaling of angiogenesis.
Physiol. Genomics 36, 1-14.

Zarkada, G., Heinolainen, K., Makinen, T., Kubota, Y. and Alitalo, K. (2015).
VEGFR3 does not sustain retinal angiogenesis without VEGFR2. Proc. Natl.
Acad. Sci. USA 112, 761-766.

Zovein, A. C., Luque, A., Turlo, K. A., Hofmann, J. J., Yee, K. M., Becker, M. S.,
Fassler, R., Mellman, I., Lane, T. F. and Iruela-Arispe, M. L. (2010). Beta1
integrin establishes endothelial cell polarity and arteriolar lumen formation via a
Par3-dependent mechanism. Dev. Cell 18, 39-51.

Zudaire, E., Gambardella, L., Kurcz, C. and Vermeren, S. (2011). A computational
tool for quantitative analysis of vascular networks. PLoS. ONE 6, e27385.

2374

RESEARCH ARTICLE Development (2015) 142, 2364-2374 doi:10.1242/dev.121913

D
E
V
E
LO

P
M

E
N
T

http://dx.doi.org/10.1210/en.142.6.2549
http://dx.doi.org/10.1210/en.142.6.2549
http://dx.doi.org/10.1210/en.142.6.2549
http://dx.doi.org/10.1161/01.RES.0000257945.97958.77
http://dx.doi.org/10.1161/01.RES.0000257945.97958.77
http://dx.doi.org/10.1161/01.RES.0000257945.97958.77
http://dx.doi.org/10.1161/01.RES.0000257945.97958.77
http://dx.doi.org/10.1161/01.RES.0000257945.97958.77
http://dx.doi.org/10.1073/pnas.1408472111
http://dx.doi.org/10.1073/pnas.1408472111
http://dx.doi.org/10.1073/pnas.1408472111
http://dx.doi.org/10.1073/pnas.1408472111
http://dx.doi.org/10.1210/en.2007-1415
http://dx.doi.org/10.1210/en.2007-1415
http://dx.doi.org/10.1210/en.2007-1415
http://dx.doi.org/10.1073/pnas.0611206104
http://dx.doi.org/10.1073/pnas.0611206104
http://dx.doi.org/10.1073/pnas.0611206104
http://dx.doi.org/10.1073/pnas.0611206104
http://dx.doi.org/10.1167/iovs.05-1161
http://dx.doi.org/10.1167/iovs.05-1161
http://dx.doi.org/10.1167/iovs.05-1161
http://dx.doi.org/10.1167/iovs.05-1161
http://dx.doi.org/10.1016/j.ophtha.2012.07.038
http://dx.doi.org/10.1016/j.ophtha.2012.07.038
http://dx.doi.org/10.1016/j.ophtha.2012.07.038
http://dx.doi.org/10.1161/01.RES.0000248426.35019.89
http://dx.doi.org/10.1161/01.RES.0000248426.35019.89
http://dx.doi.org/10.1128/MCB.22.24.8709-8720.2002
http://dx.doi.org/10.1128/MCB.22.24.8709-8720.2002
http://dx.doi.org/10.1128/MCB.22.24.8709-8720.2002
http://dx.doi.org/10.1161/CIRCRESAHA.107.167080
http://dx.doi.org/10.1161/CIRCRESAHA.107.167080
http://dx.doi.org/10.1161/CIRCRESAHA.107.167080
http://dx.doi.org/10.1161/CIRCRESAHA.107.167080
http://dx.doi.org/10.1038/nrm1911
http://dx.doi.org/10.1038/nrm1911
http://dx.doi.org/10.1038/nrm1911
http://dx.doi.org/10.1021/bi00255a030
http://dx.doi.org/10.1021/bi00255a030
http://dx.doi.org/10.1021/bi00255a030
http://dx.doi.org/10.1038/mt.2009.211
http://dx.doi.org/10.1038/mt.2009.211
http://dx.doi.org/10.1038/mt.2009.211
http://dx.doi.org/10.1038/mt.2009.211
http://dx.doi.org/10.1016/j.molmed.2006.02.001
http://dx.doi.org/10.1016/j.molmed.2006.02.001
http://dx.doi.org/10.1369/0022155412467635
http://dx.doi.org/10.1369/0022155412467635
http://dx.doi.org/10.1369/0022155412467635
http://dx.doi.org/10.1182/blood-2008-08-174508
http://dx.doi.org/10.1182/blood-2008-08-174508
http://dx.doi.org/10.1182/blood-2008-08-174508
http://dx.doi.org/10.1038/5007
http://dx.doi.org/10.1038/5007
http://dx.doi.org/10.1038/embor.2011.194
http://dx.doi.org/10.1038/embor.2011.194
http://dx.doi.org/10.1038/embor.2011.194
http://dx.doi.org/10.1038/embor.2011.194
http://dx.doi.org/10.1016/j.devcel.2009.08.011
http://dx.doi.org/10.1016/j.devcel.2009.08.011
http://dx.doi.org/10.1016/j.devcel.2009.08.011
http://dx.doi.org/10.1038/ncb2331
http://dx.doi.org/10.1038/ncb2331
http://dx.doi.org/10.1038/ncb2331
http://dx.doi.org/10.1038/ncb2331
http://dx.doi.org/10.3389/neuro.02.024.2009
http://dx.doi.org/10.3389/neuro.02.024.2009
http://dx.doi.org/10.3389/neuro.02.024.2009
http://dx.doi.org/10.1016/j.ydbio.2009.02.033
http://dx.doi.org/10.1016/j.ydbio.2009.02.033
http://dx.doi.org/10.1016/j.ydbio.2009.02.033
http://dx.doi.org/10.1016/j.devcel.2011.02.010
http://dx.doi.org/10.1016/j.devcel.2011.02.010
http://dx.doi.org/10.1016/j.devcel.2011.02.010
http://dx.doi.org/10.1038/ncomms7429
http://dx.doi.org/10.1038/ncomms7429
http://dx.doi.org/10.1038/ncomms7429
http://dx.doi.org/10.1038/ncomms7429
http://dx.doi.org/10.1007/s12079-013-0206-6
http://dx.doi.org/10.1007/s12079-013-0206-6
http://dx.doi.org/10.1007/s12079-013-0206-6
http://dx.doi.org/10.1152/physiolgenomics.90291.2008
http://dx.doi.org/10.1152/physiolgenomics.90291.2008
http://dx.doi.org/10.1152/physiolgenomics.90291.2008
http://dx.doi.org/10.1073/pnas.1423278112
http://dx.doi.org/10.1073/pnas.1423278112
http://dx.doi.org/10.1073/pnas.1423278112
http://dx.doi.org/10.1016/j.devcel.2009.12.006
http://dx.doi.org/10.1016/j.devcel.2009.12.006
http://dx.doi.org/10.1016/j.devcel.2009.12.006
http://dx.doi.org/10.1016/j.devcel.2009.12.006
http://dx.doi.org/10.1371/journal.pone.0027385
http://dx.doi.org/10.1371/journal.pone.0027385

