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PREFACE

For as long as I can remember I have been fascinated by the complexity of life. As a
child I would obsess over the diversity found within nature, an obsession that has
remained strong to this day. Growing up in Alabama, surrounded by forests, mountains,
rivers, and wildlife, fostered my curiosity, and this childlike wonder soon turned into
questions of “how” and “why.” One of the aspects of nature that has always amazed me
was the beautiful patterns and symmetry found across all Metazoa. As a child I observed
these patterns with amazement; as an adult I have the opportunity to study the genes and
underlying mechanisms that control the patterns found not only within nematodes but the
entire animal kingdom. As I finish my graduate school career and prepare for
postdoctoral studies, I realize I am still very much interested in the “how” and “why”
questions that perplexed me as a child, only now I also have the capabilities of answering
them.

Marie Curie once said, “A scientist in his laboratory is not a mere technician: he is
also a child confronting natural phenomena that impress him as though they were fairy

tales.” I could not agree more.
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ABSTRACT

The interpretation of extracellular cues leading to the polarization of intracellular
components and asymmetric cell divisions is a fundamental part of metazoan
organogenesis. The C. elegans vulva, with its invariant cell lineage and interaction of
multiple cell signaling pathways, provides an excellent model for the study of cell
polarity within an organized epithelial tissue. Herein I discuss the interaction of Wnt and
FGF signaling in controlling vulval cell lineage polarity with emphasis on the posterior-
most cell that forms the vulva, P7.p.

The mirror symmetry of the C. elegans vulva is achieved by the opposite division
orientation of the vulval precursor cells (VPCs) flanking the axis of symmetry. Opposing
Whnt signals control the division patterns of the VPCs by controlling the localization of
SYS-1/ 3-catenin toward the direction of the Wnt gradient. Multiple Wnt signals,
expressed at the axis of symmetry, promote the wild-type, anterior-facing, P7.p
orientation, whereas Wnts EGL-20 and CWN-1 from the tail and posterior body wall
muscle, respectively, promote the daughter cells of P7.p to face the posterior. EGL-20
acts through a member of the LDL receptor superfamily, LRP-2, along with Ror/CAM-1
and Van Gogh/VANG-1. All three transmembrane proteins control orientation through
the localization of the SYS-1.

The Fibroblast Growth Factor (FGF) pathway acts in concert with LIN-17/Frizzled to
regulate the localization of SYS-1. The source of the FGF ligand is the 1° VPC, P6.p,
which controls the polarity of the neighboring 2° VPC, P7.p, by signaling through the sex
myoblasts (SMs), activating the FGF pathway. The Wnt, cwn-1, is expressed in the

posterior body wall muscle of the worm as well as the SMs, making it the only Wnt



expressed on the posterior and anterior sides of P7.p at the time of the polarity decision.
Both sources of cwn-1 act instructively to influence P7.p polarity in the direction of the
Wnt gradient. The FGF pathway leads to the regulation of cwn-1/ transcripts in the SMs.
These results illustrate the first evidence of the interaction between FGF and Wnt in C.
elegans development and vulval cell lineage polarity as well as highlight the promiscuous

nature of Wnt signaling within C. elegans.
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Chapter 1

Introduction



Thesis Overview

Proper tissue architecture and organogenesis are fundamental aspects of Metazoan
development. The arrangement of cells into functional structures is achieved through cell
division patterning and orientation, resulting from the polarization of intracellular
components. Loss of cell polarity and asymmetry is a major factor in tumor formation,
and growing evidence illustrates its importance in understanding human cancer (Wodarz
and Nathke, 2007). Proper orientation is often achieved through communication between
cells in the form of intracellular signaling pathways. The action of these pathways is
initiated when an extracellular ligand binds with its transmembrane receptor, triggering a
biochemical response within the cell and relaying this message through the downstream
components of the pathway leading to the polarization of cellular components or the
transcriptional regulation of genes. Two such pathways involved in Metazoan
development are the Wnt and Fibroblast Growth Facter (FGF) pathways.

Whnt signaling is implicated in many aspects of development, including cell
proliferation, migration, polarity, terminal differentiation, and the self-renewal of stem
cells (Boutros and Mlodzik, 1999; Gao and Chen, 2010; Sugimura et al., 2012; Tauriello
et al., 2012), and deregulation of pathway components is associated with multiple human
diseases (Luo et al., 2007). Wnt signaling has evolved to function in multiple pathways,
broadly divided into the canonical/B-catenin-dependent pathway and the noncanonical/p3-
catenin-independent pathway, of which the planar cell polarity (PCP) pathway is the most
studied (Gao and Chen, 2010). In the canonical pathway, Wnt ligands are received by a
Frizzled and LRP5/6 (Arrow) coreceptor complex. The binding of the Wnt ligand recruits

Dishevelled and Axin to the cell membrane and results in the inactivation of the 3-catenin



destruction complex. With the inactivation and dissolution of this destruction complex, [3-
catenin is able to translocate within the nucleus and interact with the transcription factor
TCF/Lef to regulate gene expression (Wharton, 2003). Noncanonical Wnt signaling
encompasses several different signaling pathways, of which the most studied and,
therefore, most understood is the PCP pathway. PCP signaling leads to the polarization of
cells along an epithelial sheet. A wide range of components exist within PCP signaling,
including the transmembrane proteins Frizzled, Flamingo, and Strabismus (Van Gogh),
as well as the cytoplasmic proteins Diego, Prickle, and Dishevelled (Seifert and Mlodzik,
2007). Interactions between these core components leads to the asymmetric enrichment
and distribution within the cell, which in turn enables the polarization of cells along the
epithelial sheet.

Much like Wnt signaling, FGF signaling is also involved in a wide range of
developmental functions, including mesodermal patterning in the early embryo, cellular
proliferation, survival, migration, and differentiation (Turner and Grose, 2010). FGF
ligands are secreted glycoproteins that bind with a receptor tyrosine kinase leading to
ligand-dependent dimerization and activation of the kinase domain on the receptor. Once
tyrosine residues on the receptor are phosphorylated, they serve as docking sites for
adaptor proteins, which may also be phosphorylated by the FGF receptor. Activation of
the FGF pathway leads to the activation of Raf and Ras proteins resulting in the
downstream activation of the Mitogen-activated protein (MAP) kinase pathway. Both
Wnt and FGF pathways are conserved in C. elegans, and play a role in the patterning of
the vulva, a classic model system used to study cell-signaling pathways.

In chapter 2, I discuss the role of the low-density lipoprotein receptor, lrp-2, and its



role in vulval patterning. Nematodes, including C. elegans, do not have a copy of LRP5/6
(Arrow) in their genome. LRP5/6 plays an important role in canonical Wnt signaling in
higher order organisms, including Drosophila, Xenopus, mouse, and humans. How then
does Wnt signaling compensate for the absence of LRP5/6 in C. elegans? Furthermore, it
is often hypothesized that LRP5/6 evolved from larger low-density lipoprotein receptors,
LRP1 and LRP2 (megalin), due to the presence of all LRP5/6 protein domains within
LRP1 and LRP2 and the presence of these receptors in lower order organisms that lack
LRP5/6. Interestingly, C. elegans does have orthologs of these larger low-density
lipoprotein receptors; [rp-1 is an ortholog of megalin while /rp-2 appears to be a recent
duplication of /rp-1 that has diverged to take on specialized function and different
expression patterns from its paralog. The impetus to study lrp-1 and /rp-2 was to better
understand these questions of Wnt signaling evolution and decipher a potential role for
these genes within C. elegans Wnt signaling, a role that could possibly enhance our
knowledge of the evolution of the function of low-density lipoprotein receptors. Within
this thesis I show that /rp-2 is downstream of the Wnt, egl-20, and functions with the
cam-1/Ror and vang-1/Van Gogh transmembrane proteins to direct the localization of
SYS-1/B-catenin during anaphase of the first vulval cell division, a role that shows
conservation between the early low-density lipoprotein and their potential evolutionary
derivative, LRP5/6.

Chapter 3 looks at the origin and evolution of dishevelled across Metazoa, with
emphasis on nematodes. As the hub of multiple Wnt signaling pathways, dishevelled is a
highly studied and medically relevant protein. Most work on dishevelled takes for

granted the protein architecture and assumes that the conservation of protein domains and



motifs holds true across all of Metazoa. With this in mind, we found it interesting that
most animals have multiple orthologs of dishevelled, and there are multiple studies that
imply a functional specialization between different orthologs. To us, the functional
specialization of orthologs indicated an underlying difference in protein architecture,
something we wished to explore and better understand. We find evidence of dynamic
evolution of dishevelled. We identify a new domain specific to some nematode lineages,
the DEP-like fragment, and find an unexpected nuclear localization signal conserved in
many dishevelled orthologs, presenting the potential of dishevelled acting as a
transcription factor in some animal lineages. Our findings raise questions of protein
evolution in general and provide clues as to how animals have dealt with the complex
intricacies of having a protein, such as dishevelled, act as a central messenger hub
connected to many different and vitally important pathways. Furthermore our work
highlights the fact that the classic domain architecture of dishevelled does not hold true
across Metazoa. Despite the majority of literature illustrating dishevelled as a highly
conserved protein, we find that it is dynamically evolving across multiple animal
lineages, especially within Nematoda. Our work also highlights many future experiments
that could potentially be performed in different model systems to test how divergence in
protein architecture leads to diverse function of paralagous proteins.

In chapter 4, I look at the interaction of Wnt and FGF signaling in vulval cell lineage
polarity. How cells are capable of interpreting instructions from complicated cell
signaling networks that often involve crosstalk between multiple signaling pathways and
the relaying of this instructional signal between multiple cells of varying types is a highly

studied and important topic in developmental biology. Two such pathways that have a



large role in animal development and also medical implications in humans are the Wnt
and FGF pathways. Recent work has shown crosstalk between these two pathways in
vertebrate model systems, a connection that has proven essential to proper animal
development (Stulberg et al., 2012; Yardley and Garcia-Castro, 2012). Prior to this work,
no interaction between Wnt and FGF signaling in C. elegans had been presented. With its
invariable cell lineage, short generation time, ease of genetics and transgenics, and
conservation of both Wnt and FGF pathways, C. elegans is a phenomenal system to
better understand the relationship between Wnt and FGF signaling. Furthermore, the C.
elegans vulva, which has been shown to express both signaling cascades, albeit
independent of each other, during its development, is the ideal system to study the
interaction. Here, I present evidence that FGF signaling is necessary for the regulation of
cwn-1/Wnt in the migrating sex myoblasts. I show that despite receptor specificity, all
Whnt ligands controlling vulval orientation have the same molecular output, directing the
localization of SYS-1/B-catinin toward the predominant Wnt gradient at the time of
anaphase during the first vulval cell division.

These findings present new insights into Wnt and FGF signaling both within C.
elegans as well as other model systems. My work has added a new component, the
migrating sex myoblasts, into the beautiful network of cells controlling vulval cell
lineage polarity, shown the interaction between Wnt and FGF signaling within C.
elegans, and brought us one step closer to understanding how Wnt signaling determines

the orientation of the 22 cells that make up the vulva.
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Chapter 2

The role of Irp-2 in vulval cell lineage polarity



ABSTRACT

During C.elegans vulval development the anchor cell induces 3 of 6 multipotent
vulval precursor cells (VPCs). The closest VPC generates a 1° lineage; the flanking
VPCs, P5.p and P6.p, each generate a 2°, mirror symmetric, lineage. Two Wnt signals
from the anchor cell promote the wild-type, anterior-facing, P7.p orientation, whereas the
EGL-20/Wnt signal from the tail promotes the daughter cells of P7.p to face the posterior,
antagonizing two parallel Wnt pathways consisting of Frizzled and Ryk and receptors
necessary to direct the wild-type vulval orientation. We show EGL-20/Wnt acts through a
member of the LDL receptor superfamily, LRP-2, along with CAM-1/Ror and VANG-
1/Van Gogh. Using a promoter fusion construct, we examined the expression pattern of
Irp-2 and found expression beginning in the 2-cell stage of the vulva and lasting through
the fourth larval stage (L4). All three transmembrane proteins control orientation through
the localization of the -catenin-like transcriptional coactivator, SYS-1. This work lays a
solid foundation for the role of LRP-2 in C. elegans vulval formation and brings several

testable hypotheses to light.
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INTRODUCTION

The orientation of asymmetric cell divisions is an essential part of Metazoan
development (Strutt, 2005). Loss of cell polarity and asymmetry is a major factor in
tumor formation, and growing evidence illustrates its importance in understanding human
cancer (Wodarz and Nathke, 2007). To ensure proper cell divisions and organ formation,
high amounts of signaling redundancy and cell-cell interactions involving crosstalk
between multiple signaling pathways are often incorporated to tightly regulate these
processes. The Caenorhabditis elegans vulva provides a simple model to study this
phenomenon due to the small number of cells, invariant cell lineage and developmental
timing, and cell signaling mechanisms involved within vulval formation (reviewed by
Sternberg, 2005; reviewed by Gupta et al., 2012). Here we examine the antagonism of
competing Wnt pathways in the development of the C. elegans vulva.

The C. elegans vulva is formed from divisions of three VPCs: P5.p, P6.p, and P7.p —
arranged along the anterior-posterior axis in the ventral epithelium (Sulston and Horvitz,
1977). During the L3 (third larval) stage, a combination of EGF, Notch, and Wnt signals
instructs the VPCs to adopt fates corresponding to particular lineage patterns. P6.p adopts
a 1° fate and undergoes three rounds of symmetric divisions that lead to eight cells that
form the vulval lumen. P5.p and P7.p adopt the 2° fate, which leads to three rounds of
asymmetric cell divisions forming seven cells that create the anterior and posterior sides
of the vulva (Figure 1). The outermost progeny of P5.p and P7.p adhere to the epidermis
whereas the innermost progeny join the descendants of P6.p in forming the vulval lumen.

The descendants of P5.p and P7.p display mirror symmetry about the center of the vulva.
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Previous analyses show the orientation of P5.p and P7.p descendants is determined by
the interaction of multiple Wnt signals. In the absence of all Wnts, the VPCs display a
randomized orientation, which is likely the default (Green et al., 2008; Figure 1). Two
separate Wnts from the anchor cell, LIN-44 and MOM-2 acting through receptors LIN-
17/Frizzled and LIN-18/Ryk, respectively, regulate P7.p orientation (Ferguson et al.,
1987; Sternberg and Horvitz, 1988; Sawa et al., 1996; Inoue et al., 2004; Gleason et al.,
2006). In the absence of these signals the orientation of the progeny of P7.p mimic those
of P5.p and face toward the posterior of the worm, a phenotype referred to as posterior-
reversed vulval lineage (P-Rvl; Figure 2). This posterior orientation is dependent on the
instructive signal of EGL-20, a Wnt expressed in the tail acting through CAM-1/ROR
and VANG-1/Van Gogh, and is referred to as “ground polarity.” In response to the Wnt
signals from the anchor cell, LIN-17 and LIN-18 orient P7.p to face the center. This
reorientation is described as “refined polarity” and is the wild-type orientation (Green et
al., 2008; Figure 1).

Here we examine the role of a low-density lipoprotein receptor, lrp-2, and its role in
controlling the orientation of P7.p daughter cells. Our genetic data and expression
analysis indicate /rp-2 functions with cam-1 and vang-1 to antagonize the lin-17 pathway.
We find that Irp-2 works downstream of eg/-20 and controls the localization of SYS-1 at

the time of the first cell division of P7.p
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MATERIALS AND METHODS
Strains and Genetics

C. elegans was handled as described previously (Brenner, 1974). All strains used are
derivatives of C. elegans N2 Bristol strain. The alleles used are as follows. LGI: lin-
17(n671), lrp-2(gk272), lrp-2(gk292). LGII: cam-1(gmi22). LGIII: gls95[pSYS-

1::VNS::SYS-1 with pttx-3::dsRed]. LGX: lin-18(¢620), vang-1(ok1142).

Scoring Vulval Phenotypes
To determine the vulval phenotype as wild type or P-Rvl, animals were scored in the
mid-L4 stage. Animals were classified as P-Rvl if the 1° and 2° VPCs were induced but

separated by adherent cells (Katz et al., 1995). Only fully induced vulvae were scored.

Transgenics

To make the Plrp-2 GFP construct 2.5 kb of the promoter region of lrp-2 was
amplified and then fused to GFP using the PCR fusion technique previously described
(Hobert, 2002). The Plrp-2::GFP extrachromosomal array was generated by creating an
injection mix consisting of 15 ng/ul Plrp-2::GFP, 40 ng/ul unc-119(+), and 95 ng/ul
DNA ladder and injecting the mix into unc-119(ed4) animals as described (Mello et al.,
1991).

Anterior expression of egl-20 was achieved by fusing the promoter region of fos-/a to
the cDNA of egl-20 and injecting the mix, that was created by Jennifer Green, into /in-

17(n671) lrp-2(gk272) animals as described (Mello et al., 1991).
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RESULTS
LRP-2 Functions in Ground Polarity

The regulation of vulval cell lineage polarity is controlled by Wnt signaling (Figure
1). Previously known components involved in the regulation of vulval cell lineage
polarity include LIN-17, LIN-18, CAM-1, and VANG-1 (Inoue et al., 2004; Gleason et
al., 2006; Green et al., 2008). A directed screen of known Wnt pathway components was
performed to find additional genes involved in directing vulval orientation. A BLAST
was run using other known Wnt receptors and it was determined that C. elegans does not
contain a true ortholog of Drosophila LRP5/6 (Arrow) (He et al., 2004; Eisenmann,
2005), but does have multiple low-density lipoprotein receptors, including LRP-1 and
LRP-2 (Figure 3). Like other low-density lipoprotein receptors, both LRP-1 and LRP-2
contain many LDLR Domain Class A and Class B repeats, EGF-like domains, and a
transmembrane domain. However, having approximately three times as many amino
acids, LRP-1 and LRP-2 are more similar to megalin than LRP5/6 (Yochem et al., 1999).
The absence of LRP5/6 within C. elegans but presence in flies and all other higher order
organisms suggests that the gene encoding LRP5/6 arose after nematodes, potentially
from either LRP1 or LRP2/megalin, as both receptors contain the entire extracellular
portion of LRP5/6 in a single contiguous sequence block (Figure 3).

Examining the protein sequence of LRP-1 and LRP-2 we find that most nematodes
have at least two copies of LRP-like proteins with C. elegans LRP-1 and LRP-2 being
highly similar possibly due to a recent duplication and divergence (Figure 4). Comparing
the sequences across Caenorhabditis we find that LRP-1 proteins cluster together and

LRP-2 proteins also form their own cluster. Based on location in the genome and
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sequence similarity from protein alignment, we believe that Caenorhabditis lrp-2 is a
recent duplication and divergence of lrp-1 (Figure 4).

To examine the potential role of lrp-1 and Irp-2 vulval cell lineage polarity we
examined null mutants of each gene. Previous work has shown a role for /rp-1 and lrp-2
in dab- 1/Disabled signaling and lipid transport (Kamikura and Cooper, 2003; Holmes et
al., 2007; Branicky et al., 2009), but no previous role in vulval formation has been
investigated. Irp-/ null worms arrest early in development and due to this reason we were
not able to examine its role in vulval polarity. At the time of this investigation, two
potential null mutations of /rp-2 existed, allele gk272 with a 253 bp deletion and allele
gk292 with an approximately 1800 bp deletion. Both mutants are remarkably wild-type in
most aspects of development including vulval formation (Table 1).

Irp-2 expresses in the vulval cells beginning at the two-cell stage and lasting through
L4, similar to the components known to be involved in vulval cell lineage polarity
(Figure 5). To investigate this interaction double mutants were constructed with both
alleles of lrp-2 and lin-17(n671) (Table 1). Much like cam-1(gmi122) and vang-
1(okl1142), both alleles of lrp-2 suppress the lin-17(n671) phenotype from 74 to
approximately 50% P-Rvl, leading us to hypothesize that lrp-2 functions in the same
pathway as cam-1 and vang-1. To ensure that this phenotype was a result of the null
function of /rp-2 we injected a fosmid containing the full-length sequence of lrp-2 and
found that it does rescue the double mutant phenotype of lin-17(n671) lrp-2(gk272) as
well as lin-17(n671) lrp-2(gk292). In order to better test the hypothesis that lrp-2
functions with cam-1, a triple mutant was constructed between lin-17(n671), lrp-

2(gk272), and cam-1(gm122) (Table 1). This triple mutant displays the same P-Rvl
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penetrance as both the lin-17(n671) lrp-2(gk272) and lin-17(n671); cam-1(gmi122)

double mutants confirming that /rp-2 functions in the same pathway as cam-1.

LRP-2 is Downstream of EGL-20/Wnt

egl-20 is expressed in the tail (Whangbo and Kenyon, 2000) and forms a posterior-to-
anterior concentration gradient (Coudreuse et al., 2006). It has previously been shown
that EGL-20 acts instructively in the vulva by imparting directional information opposed
to being permissive, where it would only be required for polarization (Green et al., 2008).
By moving the source of egl-20 expression from the posterior of the worm to the anchor
cell, the axis of symmetry of the developing vulva, we can reorient the daughter cells of
P5.p and P7.p toward the center in a wild-type configuration.

Expressing egl-20 from the axis of symmetry suppresses the lin-17(n671) phenotype
(Green et al., 2008; see also Table 2). To test whether LRP-2 is downstream of EGL-20
we ectopically expressed egl-20 from the anchor cell in a lin-17(n671) lrp-2(gk272)
background. If LRP-2 is not downstream of EGL-20 we would expect further suppression
of the double mutant phenotype. However, if LRP-2 is downstream of EGL-20 we would
expect no further suppression since EGL-20 would be lacking a pathway component to
work through in the /rp-2 null mutation. Because we do not see further suppression of the
lin-17(n671) lrp-2(gk272) when expressing eg/-20 from the anchor cell we can conclude
that like the transmembrane proteins CAM-1 and VANG-1, LRP-2 is downstream of

EGL-20 (Table 2).
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LRP-2 Controls the Localization of SYS-1/3-catenin

The polarity of the P7.p cell divisions is controlled by the Wnt/B-catenin asymmetry
pathway (Green et al., 2008). This pathway includes the [B-catenin-like proteins SYS-1
and WRM-1, POP-1/TCF, and the Nemo-like-kinase, LIT-1 (reviewed by Mizumoto and
Sawa, 2007). The Wnt/B-catenin asymmetry pathway ensures different ratios of SYS-1 to
POP-1, controlling the differential transcription of Wnt target genes between daughters of
an asymmetric cell division. Because or genetic data indicate an antagonism between
LRP-2 and LIN-17, similar to that between CAM-1 and VANG-1 and LIN-17, we
wanted to determine if LRP-2 can control the asymmetric localization of SYS-1 between
the daughter cells of P7.p during anaphase of the first cell division. The initial
establishment of vulval polarity can be observed through the localization of
VENUS::SYS-1 (VNS::SYS-1), localized in a high (P7.pa)/low (P7.pp) pattern in the
wild-type worm, reciprocal to the localization of POP-1/TCF (Phillips et al., 2007; Green
et al., 2008).

As previously reported, VNS::SYS-1 asymmetry in P7.p daughter cells is often lost in
lin-17(n671) and lin-18(e620) mutants (Figure 6). These mutants display two aberrant
patterns of VNS::SYS-1 localization as well as the wild-type pattern, though less
frequently. The two deviant localization patterns include one in which both P7.pa and
P7.pp express equal amounts of VNS::SYS-1 and a reversed VNS::SYS-1 pattern in
which P7.pp is enriched with VNS::SYS-1. By observing VNS::SYS-1 localization in a
lin-17(n671) lrp-2(gk272) background we see that the aberrant localization of SYS-1 is
suppressed in a similar degree to that of lin-17(n671); cam-1(gml122) and lin-17(n671);

vang-1(okl142). This observation confirms LRP-2 controls vulval cell polarity by



antagonizing LIN-17 in a similar fashion to CAM-1 and VANG-1 and that the effect of

LRP-2 is at the level of P7.p rather than its progeny.
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DISCUSSION

We have investigated the role of /rp-2 in C. elegans vulval cell lineage polarity. We
find that despite the high conservation of the Wnt signaling component, LRP5/6, in
higher order organisms it appears to have evolved after the split of Nematoda due to its
lack of presence in all nematode genomes examined. C. elegans contains multiple low-
density lipoprotein receptors within its genome, two of which are /rp-1 and lrp-2. Due to
the position in the genome and high sequence similarity we believe that /rp-2 is the
product of a recent duplication of lrp-1 within the Caenorhabditis lineage.

[rp-1 mutants are sick and arrest during an early larval stage. For this reason we were
not able to examine the role of /rp-1 in vulval formation. Despite high sequence
similarity and proposed functional redundancy with lrp-1, lrp-2 is remarkably wild-type
as a single mutant. [rp-2 expresses in the developing vulva at the same time as both cam-
1 and vang-1. By examining double and triple mutant strains we find that /rp-2 functions
downstream of egl-20 along with transmembrane proteins cam-1 and vang-1 (Figure 7).
All three genes antagonize the lin-17/Frizzled pathway by directing the aberrant
localization of SYS-1 to the posterior daughter cell of P7.p leading to the posterior
orientation of the P7.p lineage.

This work provides evidence that despite lacking a true LRP5/6 ortholog, the
formation of the C. elegans vulva is controlled by another member of the low-density
lipoprotein superfamily, [rp-2. This data could potentially lead to insight into the
evolution of both structure and function of the highly important Wnt pathway component,
LRP5/6. Despite strong genetic evidence, this work does not describe the physical

interaction between LRP-2 and CAM-1, VANG-1, EGL-20. Can LRP-2 bind with the
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other transmembrane proteins, CAM-1 and VANG-1, involved in this pathway? Can
LRP-2 physically bind the Wnt ligand, EGL-20? Future work should focus on the
biochemistry of this pathway. Answers to these questions could provide interesting
insights into the evolution of low-density lipoprotein receptors, including LRP5/6, as well
as how Wnt signaling has evolved within nematodes without the presence of one of the

most important and highly conserved transmembrane proteins.
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