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Abstract

The CAS family of scaffolding proteins has increasingly attracted scrutiny as important for
regulation of cancer-associated signaling. BCARL1 (also known as p130Cas), NEDD9 (HEF1, Cas-
L), EFS (Sin), and CASS4 (HEPL) are regulated by and mediate cell attachment, growth factor,
and chemokine signaling. Altered expression and activity of CAS proteins is now known to
promote metastasis and drug resistance in cancer, influence normal development, and contribute to
the pathogenesis of heart and pulmonary disease. In this article, we provide an update on recently
published studies describing signals regulating and regulated by CAS proteins, and evidence for
biological activity of CAS proteins in normal development, cancer and other pathological
conditions.

Comprehensive reviews in the past several years have discussed the important roles for the
CAS (BCAR1, NEDD9Y, EFS, and CASS4) proteins in tumorigenesis and other pathological
states (1-3). In this article, we provide an update on regulation of CAS proteins and
interaction with partners important for CAS signaling, focusing most discussion on recently
published papers. Most of this discussion focuses on BCAR1 and NEDD9, as only a limited
number of studies have so far addressed the activity of CASS4/HEPL (4) and EFS/SIN (5).
In brief introduction, CAS proteins have an amino terminal SH3 domain, an adjacent
unstructured domain (substrate domain [SD]) containing multiple tyrosine phosphorylation
sites that enable binding by SH2-domain containing proteins, a four-helix bundle (serine-
rich region [SR]), and a second, highly conserved four-helix bundle (focal adhesion
targeting [FAT] domain) (Figure 1A) (1, 28). Most of these domains mediate protein-protein
interactions, causing the primary role of CAS proteins to be scaffolds regulating the
magnitude and duration of cell signaling cascades. Initial studies of these proteins
emphasized their roles as intermediaries in integrin-dependent signal transduction.
Specifically interactions of CAS proteins with Focal Adhesion Kinase (FAK) and SRC
family proteins at focal contacts to the extracellular matrix transmitted signals downstream
that induced lamellipodia and cell migration, supported cell proliferation, and blocked
anoikis. More recent work has demonstrated that CAS proteins are induced by multiple
upstream stimuli, including hypoxia and activation of receptor tyrosine kinases (RTKs), and
have additional functions in cell cycle, cell junctional control, and other processes, as
discussed below. CAS proteins are rarely mutated, but frequently show altered expression or
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phosphorylation (associated with increased activity) in pathological conditions including
immune cell dysfunction and cancer.

CAS activation and signaling interactions

Phosphorylation of CAS proteins accompanies and is essential for the processes of cell
adhesion, spreading, formation of lamellipodia (for migration) and maturation of
invadopodia (for cancer cell invasion) (1). To date, the signal pathways regulating those
processes appear to be similar. Upon activation of integrins, RTKSs, or chemokine receptors
or other upstream signals such as hypoxia, CAS proteins are direct targets of effectors in
these signaling cascades such as the non-receptor focal adhesion kinases (FAK), SRC family
kinases (SFKs), and ABL, with opposing signaling provided by cellular phosphatases
(Figure 1B).

FAK, SRC, and phosphatases

Y925-phosphorylated FAK activates the BCAR1-DOCK180-RAC1 signaling pathway(6);
mutating FAK to eliminate its recruitment to focal adhesions lead to a decline of both
phospho-SRC and phospho-BCARL1 and reduces migration, cell adhesion and invasion(7).
CAS proteins interact with FAK through their SH3 domains: Janostiak et al have discovered
that SH3 domain of BCAR1, phosphorylated on Y12, also binds to a proline-rich sequence
of the hinge region of vinculin. This interaction is needed for both BCARL1 localization in
focal adhesions, and stretch-induced phosphorylation of BCAR1 on Y410, supporting
mechanotransduction (8). Interaction of the BCAR1 N-terminus with a complex containing
FAK and N-WASP led to phosphorylation of the BCAR1 SD during cell spreading of
fibronectin, dependent on actin polymerization and activity of SFKs. Both inhibition of N-
WASP complex formation and inhibition of the downstream Arp2/3 complex blocked
BCARL phosphorylation, confirming its role as responsive to mechanical stretching(9). SFK
phosphorylation of Y189 on NEDDS9 is analogous to Y253 phosphorylation on BCAR1, and
is important for NEDD?9 control of focal adhesion dynamics and cell migration (10).

Regulation of CAS protein functions depends on a balanced action of protein tyrosine
kinases, protein tyrosine phosphatases, and interacting proteins that regulate the stability of
these proteins based on their phosphorylation state. SRC kinase also phosphorylates BCAR1
at Y128, and colon cancer cell lines with high levels of BCAR1 phosphorylated at this site
are highly sensitive to the SRC inhibitor dasatinib (11). Protein tyrosine phosphatase non-
receptor 14 (PTPN14) was for the first time identified as a direct BCAR1 interactor in vitro,
and PTPN14 was shown to dephosphorylate BCAR1 at the Y128 site (12). Another study
has identified phosphorylated BCARL1 as a substrate of SOCS6 protein, an adaptor of
Cullin-5-RING-E3-ubiquitin ligase complexes (Cul5-CRLs). SOCS6 binding to SRC-
phosphorylated BCARL targets it for degradation by Cul5-CRLs and inhibits membrane
ruffling (13).

Western analysis of NEDD9 typically detects two phosphorylated isoforms, migrating at
105 kDa and 115 kDa; the 115 kDa form is typically associated with integrin-mediated
adhesion, cell spreading and mesenchymal motility. Estradiol (E2) promoted and tamoxifen
inhibited the accumulation of the less phosphorylated 105 kDa NEDD9 isoform, with

IUBMB Life. Author manuscript; available in PMC 2014 December 24.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Nikonova et al.

Page 3

accumulation of this form associated with failed cell spreading(14). The phosphatase PP2A
has been proposed to mediate the 115 to 105 kDa interconversion; Bradbury et al disproved
this idea, but showed that PP2A interacts with NEDD9 to limit cell spreading and induce a
mesenchymal cell morphology by binding to the NEDD9 serine-rich region/four-helix
bundle, with residue S369 important for this interaction (15).

Karginov at al described an elegant technical approach involving rapid, rapamycin-regulated
activation of SRC targeted selectively to individual targets, specifically in the membrane or
cytoplasm. Interestingly enough, SRC activation in the cytoplasm was enough to cause
membrane protrusions formation that were stable even after prolonged activation but did not
result in cell spreading. Activating membrane-anchored SRC, on the other hand, leads to cell
spreading and adhesions induction. Specific activation of SRC by BCARL1 induced and
lengthened filopodial and the number of focal adhesions, increased cell spreading and
produced a limited burst of cell protrusions. In contrast, activation by FAK did not affect
filopodia or protrusions, but altered the morphology of focal adhesions, and increased cell
spreading (16).

ABL and the actin cytoskeleton

Although ABL was the first kinase shown to interact with NEDD?9 (17), this interaction
received relatively little subsequent study in comparison to the much more studied
interactions of CAS proteins with FAK and SFKs. The BCR-ABL fusion protein formation
drives chronic myelogenous leukemia CML, while non-fused ABL1 and ABL2 contribute to
the development of many solid tumors (18). Crk-like protein (CrkL) is an important in vivo
partner and substrate for the BCR-ABL tyrosine kinase, acting as a molecular linker
connecting BCR-ABL with downstream signaling partners that bind the CrkL SH3 and SH2
domains. In the leukemic tissues of transgenic mice expressing BCR-ABL, NEDD9 is
hyperphosphorylated and associated with CrkL in complex with BCR-ABL (19). ABL
activation downstream of RTKs and chemokine receptors induces reorganization of the actin
cytoskeleton and cellular invasion (Figure 1). This last process includes the formation of
ABL?2 invadopodia, actin-rich protrusive structures in cancer cells that promote remodeling
of the extracellular matrix during tumor invasion, and are necessary for secretion of matrix
metalloproteases. In the past several years, the intimate connection of these activities with
NEDD?9 and other CAS proteins has become apparent. Abl interactor 1 (ABI1) is a
component of the WAVE protein complex. An interaction between NEDD9 and DOCK3
activates the RAC and WAVE proteins to decrease actomyosin contractility, promoting
mesenchymal movement and invasion (20). ABI1 also regulates the interaction of ABL and
BCARL (21), and BCARL1 has long been known to be regulated by BCR-ABL (22).

ABL interacts with N-WASP, noted above as recruiting BCAR1 to focal adhesions, and is
likely to also interact with NEDD?9, given the similarity between NEDD9 and BCARL in the
interaction motifs (23, 24, 1). ABL also interacts with cortactin, a lamellipodially
concentrated protein that activates both actin nucleation and F-actin branch juncture
stabilization by binding to the ARP2/3 protein complex. These interactions provide a direct
means for NEDD9 and ABL to collaboratively regulate activity of ARP2/3, which control
actin polymerization in lamellipodial formation. Another group showed that BCAR1, the
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focal adhesion protein talin, and FAK regulate Arp2/3-independent cytoskeletal protrusions
in fibrosarcoma cells (25).

A significant finding regarding NEDD? in the past several years is the recognition that
NEDD?9 regulates cortactin through control of AURKA and HDACS6 (Figure 1) (26).
Dynamic regulation of cortactin function is executed through the acetylation process:
deacetylated cortactin is incapable of F-actin binding, and cannot support cell motility.
Histone deacetylase 6 (HDACS6) deacetylation of cortactin restores its actin-binding
capacity, stabilizing lamellipodia and increasing cell migration. NEDD?9 had previously
been shown to interact with and activate AURKA (27), which in turn activates HDACS6 (28),
in control of cell cycle and ciliary dynamics. Kozyreva et al now show that NEDD9 or
inhibition of AURKA and HDACS6 causes hyperacetylated cortactin or decreases the
metastatic capability of NEDD9-overexpressing breast cancer cells, which implicates this
protein as critical effectors of NEDD9 driven metastasis (26). NEDD?9 activation by ABL
was also shown to occur in the context of chemokine induction, and to be necessary for T
cell migration (29). Whether these activities involving HDACG6 and cortactin also apply to
other CAS proteins is currently unknown.

Complementing this work on the interaction between CAS proteins and direct regulation of
the actin cytoskeleton, Yamauchi et al established a novel linkage between BCAR1 and the
mitochondrial protease HtrA2/Omi. In this study, the authors found that oncogenic RAS
transformation of cells induce accumulation of cytoplasmic p53, which signals through p38
to induces HtrA2/0Omi phosphorylation concurrent with mitochondrial fragmentation. These
processes release HtrA2/Omi into the cytoplasm, inducing F-actin disassembly thereby
inhibiting BCARL1 activity in promoting formation of lamellipodia and the invasion of
mouse embryonic fibroblasts (30). These connections with p53, p38, and RAS are likely to
be relevant in the other settings of NEDD9 and BCAR1-dependent carcinogenesis and
metastasis discussed below.

CAS/NSP interactions

One group of proteins emerging in the past several years of interest to CAS proteins is the
novel SH2-containing protein family (NSPs)(31). Like the CAS proteins, the three NSP
proteins are multidomain scaffolds (Figure 1A). Of the three family members (NSP1/
SH2D3A; NSP2/BCAR3/AND-34/SH2D3B; NSP3/SHEP1/CHAT/SH2D3C), each contains
an N-terminal SH2 domain and a C-terminal Cdc25-homology fold resembling the RAS
guanine nucleotide exchange factor (GEF), although lacking any enzymatic activity due to a
closed 3D conformation (32). In response to extracellular stimuli, NSP proteins bind through
their SH2 domains to the phosphosites of activated RTKSs, and recruit CAS proteins through
interactions between the Cdc25-like domain of the NSP and the four-helix bundle (also
known as focal adhesion targeting or FAT domain) of CAS proteins, directly connecting
CAS proteins to RTK signaling (33). Both NEDD9 (34, 35) and BCARL1 (34, 36) interact
with NSP2 and NSP3. At least some of the integrated signaling between these proteins is
important for resistance to anti-estrogens (36), although it is clear that the NSPs also have
CAS-independent functions (37).
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CAS proteins in development

Providing context for these findings, both Nedd9~/~ and Sin™~ mice are vital and fertile, but
have immunological abnormalities that result in pre-malignant conditions later in life. For
Nedd9~/~ mice, defects are initially subtle, but increase in later life; B cell homing to the
spleen and lymphocyte trafficking are deficient (38, 39). In Sin™/~ mice, thymocyte
development is normal, but T-cell mediated immune response are enhanced and aged
knockout mice develop severe T-cell infiltrated inflammatory lesions and tissue damage
(40). BCARL1 null mice are embryonal lethals (41). To date, there is no knockout mouse for
CASS4/HEPL.

BCARL1 in myogenesis

BCAR1 was identified as a negative regulator of the transcriptional factor Lim domain only
7 (Lmo7), inhibiting its activity in regulating genes important for development of muscles
and heart(42). BCAR1 depletion in C2C12 myaoblast cells inhibited F-actin assembly and
disrupted the nuclear translocation of MAL, a co-activator for the serum response factor
(SRF), inducing myogenic differentiation (43). BCARL1 also regulates myoblast
determination protein 1 (MyoD1) has been described (44). Like MyoD1, the CAS proteins
contain functionally active helix-loop-helix (HLH) domains in their C-terminal regions (45).
Under some circumstances, CAS proteins are cleaved to release short C-terminal products
(46, 44). HLH-mediated inhibitory binding of the 31-kDa BCAR1 cleavage product to
MyoD1 activated myogenesis (44). Surprising, however, a recent genetic study found no
significant defects in mice with a muscle-specific deletion of BCAR1 (47); more
investigation is needed.

CAS proteins in neural differentiation

NEDD? is expressed in neural progenitor cells and regulates the process of neuronal crest
cell migration, and cellular differentiation, mediating integrin and TGF-f signaling (48, 49).
Recent work from the Kolodkin group (50) has now found multiple CAS proteins (NEDD9,
BCAR1 and EFS/SIN) have overlapping expression patterns and are each required in the
outer and inner neuroblast layers (ONbL and INbL) during early retinal development
(Figure 2). In contrast, detailed investigation of BCAR1 shows dynamic localization of the
phosphorylated form during the stages of retinal development. BCAR1 phosphorylation is
Bl-integrin dependent. Mice with a conditional retinal neuron-specific knockout of BCAR1
do not experience appreciable developmental defects in retina development, but a combined
triple conditional knockout of BCAR1 with NEDD9™! and SINMU!! alleles resulted in
dramatic disruption GCL structure, with formation of ectopic ganglion cell mass beyond the
ILM, phenocopying the effect of loss of the p1-integrin (50). A separate study suggests that
BCARL1 is a target of the SRC-family FYN kinase that is required for oligodendrocyte
process outgrowth, cell migration and cell survival, with long term reduction of BCAR1
resulting in increased apoptosis; this implies a role for CAS proteins in myelin production,
as myelination depends on functioning oligodendrocytes (51).
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Update on CAS proteins in cancer

Overexpression of CAS proteins is common in and actively promotes the invasion and
metastasis of many types of solid tumor. The seminal studies have been reviewed at length
(52, 53, 1): we here highlight recent findings.

Hematological malignancies

Overexpression of BCARL1 in promyelocytic leukemia HL-60 cells induced cell adhesion
and aggregation. The differentiation-promoting factor PMA induced BCARL1 expression
together with its defined transcriptional inducer, EGR1 (Early Growth Response 1), an
EGR1 co-regulator (NGFI-A binding protein (NAB2) and found that reciprocally, BCAR1
positively regulates expression of EGR1/NAB2 (54). In a surprising finding, Seo and
colleagues analyzed the consequence of deleting NEDD9 in a transgenic model for BCR/-
ABL leukemogenesis, and found that the disease was more aggressive in mice lacking
NEDD?9; the authors proposed this was due to a role of NEDD9 in limiting extramedullary
hyperplasia (55).

Bladder and prostate cancers

Increased intercellular reactive oxygen species (ROS) enhanced the BCAR1-dependent
invasion and metastasis for bladder cancer cells (56). Morimoto et al. explored the role of
NEDD?9 in EMT and metastasis in PC-3 prostate cancer cells, and showed activation of
invasion and spreading on TGF-f stimulation via a NEDD9 dependent process (57).
Interestingly, work performed in hTERT-RPEL (retinal pigmented epithelial) cells indicated
arole of NEDD?9 in binding to the TGF-f effector SMAD3, and demonstrated that the Wnt
pathway regulator DvI2 (phosphorylated by S143 and T224) competes with NEDD? for
binding to Smad3, bringing together multiple different oncogenic signaling pathways (58).
NEDD?9 is overexpressed in prostate tumors versus normal tissue. Tumor tissue from
patients with more advanced stage of cancer (Gleason grade 5) are characterized by strong
nuclear staining of NEDD9, while in normal prostate cells NEDD9 shows weak cytoplasmic
staining (57); this shift in compartmentalization has been seen with other normally non-
nuclear oncogenes such as EGFR or AURKA, and may indicate a neomorphic function.

Lung cancer

Recent studies have noted common overexpression of NEDD9 in non-small cell lung cancer
(NSCLC), associated with poor prognosis, particularly in metastatic tumors (59-61). One
reported mechanism for the elevated expression of NEDD? is loss of transcriptional
repression mediated by the liver kinase B1 (LKB1) tumor repressor, mediated by cytosolic
translocation of CRTCL1 (62). Elevation of NEDDS9 is important for aggressive growth of
LKB1-mutated tumors (62), and the NEDD9 partner SRC has been reported to be
hyperactivated in these tumors (11). Simultaneous overexpression of LKB1 and another
tumor suppressor gene, FUS1, have recently been shown to slow down lung cancer
progression in a mouse model, and to downregulate NEDD9 (63). NEDD9 activity in lung
cancer metastasis included FAK-mediated activation of EMT process and downregulation of
E-cadherin (64). Finally, there was a first report of the overexpression and cytoplasmic
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accumulation of HEPL/CASS4 in NSCLC, correlated with lymph node metastasis and TNM
stage (poor prognosis) (65).

Breast cancer

Nedd9 null mice have now been crossed to two independent models for mammary tumors,
driven by the polyoma virus middle T oncogene, and the HER2/neu oncogene, each under
the control of the MMTV promoter (MMTV-PyVT and MMTV-HER2). In the MMTV-
PyVT mice, the Nedd9 null genetic background significantly increased the latency until
tumor appearance (39); in the less aggressive MMTV-HER2/neu model, latency increased,
and the incidence of tumors was sharply reduced (66). Analysis of signaling pathways in
tumors from Nedd9~/~ animals revealed decreased activation of multiple prooncogenic
proteins including ERK, AKT, SRC and FAK (39). MMTV-PyVT Nedd9~/~ cell lines were
particularly sensitive to inhibition of the NEDD9 signaling partner SRC (67). Analysis of
isolated mammary luminal progenitor cells from MMTV-HER2/neu mice lacking Nedd9
revealed quantitative reduction in the frequency of these progenitor cells, as well as
impaired ability to form mammospheres, downregulation of Nedd9-interacting proteins such
as FAK, and sensitization to small molecule inhibitors including those to SRC and FAK
(66).

Overexpression of both NEDD9 and BCARL1 has been found to be associated with
overexpression or activation of ErbB2 in mammary cells or acini (68, 69). Further,
overexpression of BCAR1 increased the pool of luminal progenitor cells, causing aberrant
differentiation and features of basal progenitor cells. Mouse mammary epithelial cells
(MMEC) with high levels of BCARL had increased activity of c-kit (70), and an interaction
between BCAR1 and c-kit was found to be crucial for the proper differentiation of MMEC.
BCARL1 protein levels were elevated in 75% of analyzed tissue samples from the patients
with triple negative breast cancer (44 out of 51) (70).

AURKA, a key partner of NEDD9, is overexpressed in 90% of malignant tumors and this
overexpression is associated with poor prognosis (71). Overexpressed NEDD9 stabilized
AURKA by limiting its binding to APC/C ubiquitin ligase, and AURKA and NEDD9 had
correlated overexpression in breast cancer (72). NEDD9 depletion increases ubiquitination
and proteasome-dependent degradation of AURKA, potentially explaining the correlation
between NEDD9 expression and resistance to the AURKA inhibitor, alisertib (MLN8237)
(72), and tumor aggressiveness (73) in a breast cancer xenograft model.

Cas proteins in other diseases

Beyond the much-studied context of cancer, several recent studies address the role of CAS
proteins in other pathological signaling processes.

Pulmonary disease

Tu et al. investigated the role of BCARL in pulmonary diseases and showed that BCARL1 is
increased in serum as well as in smooth muscle and epithelial cells of distal pulmonary
arteries in patients with both heritable and idiopathic pulmonary arterial hypertension
(PAH). Treatment of the patient-derived cultured cells with various receptor and non-
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receptor tyrosine kinase inhibitors (gefitinib, dovitinib, and imatinib) slowed both the
cellular growth rate and BCARL expression. Furthermore, the authors showed that increased
BCARL1 expression correlates with abnormal smooth muscle cell (SMC) and epithelial cell
(EC) growth in animal models with monocrotaline or hypoxia-induced PAH. Based on these
data, the researches proposed BCARL1 to be an amplifier of downstream RTK signals in
pulmonary disease (74).

Coronary artery disease (CAD) and carotid artery atherosclerosis

Gertow et al. performed a meta-analysis of data from the IMPROVE project, focused on
defining risk factors for vascular events. The BCAR1-CFDP1-TMEMZ170A locus was
associated with an increase in cIMT (carotid intima-media thickness — a marker of
subclinical atherosclerosis) and CAD in patients of European descent (75). Chen et al.
proposed that cysteine rich protein 2 (CRP2) sequestered and redistributed BCARL1 in
migrating vascular smooth muscle cells, affecting a major pathological step in development
of atherosclerosis (31). Interestingly, the set of kinases shown to phosphorylate BCAR-1 has
been extended to include Syk, a ZAP-70 related cytoplasmic tyrosine kinase that is essential
for regulation of cellular adhesion, innate immune recognition, and vascular development
(76).

NEDD?9 and ciliopathies?

NEDD?9, unique among the CAS group, has a second set of functions involving association
with AURKA at the centrosome to regulate mitotic progression (27), and association with
AURKA and HDACS at a centrosome-derived structure, the ciliary basal body, to regulate
resorption of the primary cilium (28). The primary cilium is a non-motile, sensory organelle
that is present on most mammalian cells. Ciliary abnormalities are associated with numerous
severe “ciliopathies” (77), making these results of potential clinical significance. Extending
the connections between NEDDJ, ciliary disassembly, and these ciliopathies, Nek2, another
NEDD?9-regulated cell cycle kinase (27) has now been described to regulate ciliary
disassembly (78). Wnt5a is a non-canonical Wnt pathway ligand recently found to induce
ciliary disassembly. This activity involves formation of a complex by Dishevelled-2 (Dvl2)
and Polo-like kinase 1 (PIk1) that stabilizes NEDD9 and hence activates AURKA (58).
Finally, ciliopathies are often associated with abnormal intracellular calcium signaling;
NEDDS? interactions with at least one partner, AURKA, were shown to be influenced by
association with calcium-calmodulin (79), while NEDD9 regulation of AURKA has been
found to influence cellular calcium response (80). It will be of interest to directly evaluate
the genetic contribution of NEDD® to clinically relevant ciliopathies.

Conclusion

Together, these studies indicate a more expansive view of CAS protein function, indicating
roles in new biological processes and clarifying signaling interactions. It is likely that more
roles will be identified; for example, a recent study identified for the first time a role for
BCARL1 in osteoclast function and bone remodeling, opening a new area of activity for the
CAS group (81). It also seems likely that one research focus of the next several years will be
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shift to exploiting the biology of CAS proteins as prognostic biomarkers for therapeutic

response in cancer and in other diseases. We look forward to seeing these developments.
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Figure 1. CAS/NSP interactions and CAS mediated pathways
A. Structure and established interactions of CAS and NSP proteins. Binding of RTKs (ERbB

and EPH) to the SH2 domain of NSP proteins leads to extracellular signal transduction
through CAS proteins. B-integrin signaling is regulated by RTKs via the NSP proteins. B.
Signaling interactions between BCAR1, NEDD9, and regulators of the cytoskeleton. See

text for details.
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Figure2. CASproteinsin retinal development
Total BCARL is broadly expressed in the inner neuroblastic layer (INbL), but localization of

phosphorylated BCAR1 changes during different stages of the retinal development. During
embryonal development, phosphorylated BCARL1 is mainly accumulated close to the inner
limiting membrane (ILM). In early neonatal period (postnatal days 0 to 7) it is detected in
close proximity to ILM and forming inner plexiform layer (IPL). At the later developmental
stages (starting P14 and later), phosphorylated BCAR1 becomes restricted to the ganglion
cell layer (GCL) and a subset of the cells in the inner nuclear layer (INL).

A. Cell layers of the developing retina, shown at post-natal day P14 or later. B. Top,
Changing expression of phosphorylated BCARL1 (green highlight). Bottom, in the absence of
CAS proteins, growth of the ILM is disrupted, and ectopic growth is observed in adjacent
tissue.
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