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Discussion  

Chapter 1: Loss of Pluripotency by Dax-1 knockdown 

 In this research, Dax-1 knock down was performed to identify target genes of 

Dax-1 in mouse embryonic stem cell signaling. Dax-1, an orphan nuclear receptor, 

functions as a negative transcriptional regulator. In adult mammals, Dax-1’s 

expression pattern is well-characterized to regulating steroidogenic pathways in the 

hypothalamic-pituitary-adrenal-gonadal axis. However, over the past decade, a new 

role for Dax-1 has been elucidated. Preliminary studies have shown that upon 

targeted knockdown of Dax-1, pluripotent stem cells in culture begin to differentiate 

(Niakan 2005). In this study, I was able to confirm that upon knockdown of Dax-1 in 

mESC, differentiation of pluripotent stem cells occurs. I validated this data by 

performing a gene profile of experimental and control treated stem cells through 

RT-qPCR array analysis of genes in the embryonic stem cell signaling pathway. As I 

hypothesized, genes that that are activated upon stem cell differentiation were 

found to be up-regulated upon the absence of Dax-1 and genes that maintain 

pluripotency were found to be down-regulated. In initial targeting, I found that Afp, 

Foxa2, Gata6, and T brachyury were all up-regulated and Nanog, Oct3/4, and Sox2 

were all found to be down regulated upon the knockdown of Dax-1 in mESC. The 

degrees of up-regulation and down-regulation varied among the targets identified, 

but all targets pursued were seen as potentially interacting with Dax-1 as 

pluripotent factors or regulated by transcriptional control and these differentiation 

factors were repressed by Dax-1.  
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 As a method to confirm loss of pluripotency upon knockdown of Dax-1, 

analysis of pluripotency markers were performed. Nanog, Oct3/4, and Sox2 are all 

major known regulators of pluripotency in ESC and early embryonic development. 

These transcription factors function by binding to DNA elements to either drive 

pluripotency factors or repress differentiation factors  (Loh 2006). By analyzing 

these targets in this study, I was able to confirm the loss of pluripotency in mESC 

when these factors are down regulated. Nanog and Oct3/4 have previously been 

shown to interact and include Dax-1 in known pluripotency networks. It is likely 

that Dax-1 and Nanog, Oct3/4, or Sox2 all directly associate through protein-protein 

interactions to maintain pluripotency by repressing target genes that would drive 

differentiation (Loh 2006 and Rizzino 2009). 

 Differentiation gene targets isolated from the gene profile have all been shown 

to be key markers of differentiation in mammalian development. Upon gastrulation, 

cells of the ICM of the blastocyst begin to migrate and further develop from 

precursor tissue layers of the mass into three primary embryonic tissue layers: 

ectoderm, mesoderm, and endoderm. Mesoderm tissue ultimately develops into cell 

layers of many vital organs such as the pancreas, liver, and adrenals (Gilbert 2006). 

Gene target analysis shows that T-brachyury was up-regulated by a fold-up 

regulation of above 4. This target is a very well established marker of mesoderm 

differentiation. Since Dax-1 regulates the maintenance of many steroidogenic 

tissues (ultimately developed from mesoderm),  it is very interesting because it 

appears that down regulation of Dax-1, in a developmental context, drives further 

development of many mesoderm derived tissue. This data hints that Dax-1 regulates 
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the development of this tissue, eventually is turned off once the signal for 

differentiation has occurred, and selectively turns back on to regulate the 

production of many steroidogenic tissues.  

 Furthermore, the differentiation markers Afp, Foxa2, and Gata6 have all been 

implicated to be up-regulated upon the differentiation of tissue destined to become 

pancreatic or liver from such primordial mesoderm tissue. Notably, Dax-1 has been 

shown to interact with another key transcriptional regulator, LRH-1, that has been 

shown to target these genes also in its regulational role of pluripotency (Wagner 

2010). The known interaction of LRH-1 and Dax-1 might provide insight as to how 

Dax-1 and LRH-1 cooperate to transcriptionally repress the target genes: T-

Brachyury, Foxa2, Gata6, and Afp, that when appropriately expressed will drive 

differentiation from primordial stem cell layers.  

 In depriving stem cells in culture of Dax-1 expression, I was able to examine 

the role of Dax-1 in early embryonic development. Early in vivo analysis  has been 

implicated Dax-1 to be highly expressed from 2.5-7.5 days after fertilization in early 

mouse embryonic stem cell cleavages when primordial stem cell layers are 

proliferating and developing. During this time, cells of these early cleavages all 

retain the capability to differentiate into any cell type. What remains in question is 

the mechanism as to how cells of these early cleavages control their proliferation to 

retain their pluripotent capability and further, which signals keep stem cells of early 

cleavages from differentiating at inappropriate times. These mechanistic questions 

remain not fully answered and still are an exciting area of stem cell research.  
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Introduction II 

Chapter 2: Major Signaling Events in Development 

 Signaling required to maintain pluripotency 

 The ability for cells in early embryonic development to communicate with one 

another is often carried out by signaling that occurs from one cell to another. Often 

in a paracrine fashion, the secretion of growth factors, small peptide/glycoprotein 

molecules, and lipids are often key for inducing and specifying cells to differentiate 

to a determined fate (Glibert 2006). The secretion of these factors is a highly 

regulated process, and is essential for normal embryonic development. In most 

cases, even a small concentration of any of these signaling molecules will have 

dramatic effects on a developing embryo. Over the past decade, great advancements 

in stem cell biology research have been made indicating that there is not a sole 

signaling pathway that controls and regulates developmental decisions of early 

embryonic development. Rather, it has been shown through embryological 

experiments that there are multiple signaling pathways responsible for regulating 

and maintaining stem cell self-renewal (Chambers 2004).  

 In the formation of the ICM during early embryonic cleavages, signal 

transduction is occurring from the LIF/STAT3, BMP/SMAD, Growth Factor-activated 

PI3K and MAPK, and the Wnt/Beta-Catenin signaling pathways, which all have been 

shown to have cascades that have influences on maintaining the cellular process of 

self-renewal (Figure 16) (Okita 2006).                                                                                   
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While the precise mechanism of how these signaling pathways mediate self-renewal 

in early mammalian embryonic development remains elusive, it is thought that 

much downstream cross-talk occurs in the intracellular cascades of these pathways 

that ultimately has an effect on several key self-renewal transcription factors such 

as Oct3/4 and Nanog (Okita 2006). It is likely that these pathways were retained 

through evolution as redundant mechanisms to precisely regulate early embryonic 

development.  

 Of the major signaling pathways, the Wnt signaling pathway is unique in its 

own light because of the shear number of secreted molecules that activates this 

pathway that have a multitude of functions during embryonic development 

including the maintenance of stem cell self-renewal. Of the 19 mammalian secreted 

glycoproteins in the Wnt signaling family, Wnt 4 has been shown to have a key role 

in regulating the development of early gonadal and steroidogenic tissue (Richards 

2002). The disruption of its expression in early embryonic development through 

mutational analysis leads to phenotypes of gonadal and adrenal dysgenesis. Further, 

the over-expression and misregulation of Wnt4 in early embryonic development 

leads to a sex reversal phenotype that is similar to the phenotype seen when the 

nuclear hormone receptor Dax-1 is also over-expressed due to the overactive 

transcriptional efforts of beta-catenin (Jordan 2001). 
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Dax-1 expression controlled by Wnt Signaling 

 In adult steroidogenic tissue, Dax-1 has a well-defined role in regulating the 

production of steroid hormones. However, the precise mechanism of Dax-1 

activation remains unclear (McCabe Review 2006). In sertoli cells, molecular 

evidence indicates that Wnt4 positively regulates Dax-1 through beta-catenin 

transcriptional activation of the Dax-1 promoter (Jordan 2001).  

 As the Wnt signaling pathway has many diverse cellular effects during 

development, Wnt4 has been shown to have antagonistic effects during sex 

determination. Once Wnt4 is secreted extracellularly, often in paracrine fashion, it’s 

signal is transduced through a family of serpentine G protein-coupled receptors 

called the Frizzed receptors family, which has many cascading effects on a targeted 

cell. In canonical Wnt signaling, activation of Frizzled by Wnt leads to hyper-

phosphorylation of the cytoplasmic protein Dishevelled. This then leads to 

inactivation of glycogen synthase kinase 3B complexing with APC, a complex that 

without Wnt signaling at the surface leads to phosphorylation, ubiquitination, and 

destruction of beta catenin via the proteosome. By inactivating the destruction 

complex through Wnt signaling, Beta-Catenin is not destroyed and is free to function 

in the cytosol as well as the nucleus as a transcriptional regulator (Richards 2002). 

 Through multiple experiments, it was observed that when Wnt4 is over-

expressed in steroidogenic tissue, Dax-1 is highly expressed. Validated observations 

and immunochemical staining show that the high proteins levels of Dax-1 were 

maintained by Wnt4 signaling independent of SF-1 regulation, a known positive 
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regulator of Dax-1. When Wnt4 signaling is shut off, via regulative inhibition of the 

Wnt signaling pathway through the protein Dickopff, Dax-1 expression is 

maintained when SF-1 is present in this regulative context. However, if both Wnt4 

signaling and SF-1 are absent in steroidogenic sertoli cells, Dax-1 expression is lost 

(Jordan 2001). These outcomes are validated through mice models that present 

dosage sensitive sex reversal phenotypes upon Dax-1, Wnt4, SRY, or SF-1 over-

expression (Harley 2004). It is apparent that Dax-1 is affected by Wnt4 signaling in 

steroidogenic cells; however, it remains a question as to whether or not Wnt4 

signaling regulates Dax-1 in a developmental context.  
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Research Proposal II 

 In this chapter, I will explore further Dax-1’s role in the Wnt Signaling 

pathway. Similar to Dax-1, the Wnt signaling pathway is known to be physiologically 

active during embryogenesis and steroidogenesis. Over the past decade, many 

guiding experiments performed by Richards and Jordan (Jordan 2001) have hinted 

to the connection between the Wnt signaling pathway and Dax-1 function. In 

determining how Dax-1 in embryonic stem cells may be regulated, it follows logic to 

analyze whether or not the Wnt signaling pathway is affected by loss of pluripotency 

by Dax-1 knockdown in mouse embryonic stem cells. It is possible that the major 

effector of the Wnt signaling pathway, beta-catenin, may also interact with Dax-1 as 

there is previous evidence as aforementioned that beta-catenin is known to interact 

with many nuclear hormone receptors, such as LRH-1, in the process of forming 

large transcriptional complexes. To determine a mechanistic role for Dax-1 in 

maintaining transcriptional control of embryonic stem cell pluripotency in mouse 

ESC, investigation of multiple components in the Wnt signaling pathway will be 

pursued. 
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Methods and Materials II 

Protein Isolation 

Whole cell protein lysate was collected following 48 hour siRNA transfection using 

NP-40 cellular lysis buffer (Boston Bioproducts, Worcester, MA) with 1:100 Halt 

Protease Inhibitor (New England Biolabs, Ipswich, MA). Directed addition of lysis 

buffer was applied to wells for protein collection in 12-well plate format, rocked 

with minor agitation (150 RPM) at 4°C for 15 minutes. Samples were then scrapped 

using a cell scrapper, collected, and transferred to a 1.5mL microcentrifuge tube and 

centrifuged at 14,000g for 10 minutes. The supernantant was then transferred to a 

new, clean and labeled 1.5mL microcentrifuge tube and stored at -70°C for future 

western blot and co-immunoprecipitation analysis.  

Western Blot 

Western blot analysis was performed according to the NuPAGE Novex Bis-Tris 

protocol (Invitrogen, Carlsbad, CA). Ten micrograms of each isolated protein sample 

was added with 4X NuPAGE LDS sample loading bugger, 10X NuPAGE reducing 

agent and deionized water to bring up a total volume of 15uL. 4-12% Bis-Tris SDS-

PAGE gels were run using the XCell II Blot Module (Invitrogen, Carlsbad, CA) at 200V 

for 45 minutes. After electrophoresis, gel was sandwiched with PVDF membrane 

and filter papers/sponges according to Manufacturer's protocol. Blot transfer was 

carried out with the XCell II Blot Module Western Blot apparatus and ran at 25V for 

1 hour. Following transfer, membrane was blocked in 5% Blotto rocking at 150 RPM 
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for 1 hour and then incubated overnight in 4°C with 5% Blotto with primary 

antibody (Santa Cruz and Cell Signaling Technologies, Santa Cruz, CA) in a 1:1000 

solution rocking at 150 RPM.  After overnight primary incubation, blots were 

washed three times in 15mL TBST for five minute washes rocking at 150RPM in 

room temperature. The blots were then incubated with HRP-conjugated secondary 

antibody to either rabbit or mouse IgG at 1:2000 in 5% Blotto solution for 2 hours at 

room temperature (BD Pharmingen, San Diego, CA). Blots were then again washed 

three times in 15mL TBST for five minute washes rocking at 150RPM in room 

temperature. Lastly, 1 mL of Chemiluminescent Substrate (Thermo Scientific, 

Rockford, IL) was added to each blot and were then wrapped in saran wrap for 

development. Blots were then exposed using the GelDoc system (BioRad Hercules, 

CA) and photographed at regular intervals for 10 minutes. 

Co-Immunoprecipitation 

Direct protein-protein interactions between Dax-1 and beta-catenin was observed 

using the Dynabeads Protein G co-immunoprecipitation kit (Invitrogen, Carlsbad, 

CA). Using 50 microliters of magnetic dynabeads coupled to protein G, further 

coupling of an antibody to protein G is possible for pull down analysis. The binding 

of the IgG portion of a monoclonal antibody to beta-catenin allows for direct 

pulldown of beta-catenin when either untreated, stealth control treated mESC, or 

siDax-1 mESC protein lysate was run over the dynabead + protein G + beta-catenin 

antibody complex. Once the lysate has been allowed to run over the complex and the 

antigen, beta-catenin, has had sufficient time to bind to its specific monoclonal 



 65

antibody, three washes are performed using washing buffer to wash any non-

specific binding to the beta-catenin antibody. The coupled complex of dynabeads + 

antibody + antigen was then eluted into an microcentrifuge tube using Elution 

Buffer (Invitrogen, Carlsbad, CA). Further western blot analysis was performed on 

eluted sample to analyze whether other protein components directly bound and 

interacting with beta-catenin were pulled down as well, such as Dax-1. 
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Results II 

 Hints of Dax-1 regulation by Wnt signaling has been evident over the past 

decade. Recent studies have shown that, in a steriodogenic context, Wnt signaling 

positively regulates Dax-1.  The role of Wnt signaling  in a developmental context is 

not well understood. Therefore, determining the genes that are targeted by Dax-1 in 

the Wnt signaling pathway in early embryonic development is key to elucidating 

this mechanism. To specifically investigate the genes in Wnt signaling pathway are 

targeted by Dax-1, I utilized a RT-qPCR microarray containing primers for 84 

different genes in the mouse Wnt signaling pathways (Figure 12). Focusing on the 

Wnt pathways that when activated result in cellular fate determination and 

differentiation, mRNA from stealth control non-targeting siRNA treated mESC and 

mDax-1 siRNA treated mESC were harvested for cDNA synthesis and used to screen 

genes in the mouse Wnt Signaling RT-qPCR array.  

 Using algormithmic technology from the SA biosciences website, averages of 

the Wnt RT-qPCR array results from the non targeting siRNA treated mESC were 

analyzed and compared to Wnt RT-qPCR array results of the Dax-1 siRNA treated 

mESC (Figure 17).  Many genes involved in Wnt signaling were affected by Dax-1 

knockdown in mouse embryonic stem cells, and after analysis, broad observations 

showed that genes that were involved in secretion of Wnt signaling molecules were 

down-regulated while genes that drive cell proliferation towards several fated 

lineages were up-regulated (Table 6).  

 



 

 Figure 14: RT-qPCR Wnt signaling array S. Cntl vs siDaxqPCR Wnt signaling array S. Cntl vs siDax-1 mESC
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Table 6: Profile of Candidate Target Genes in Wnt Signaling Pathway 
affected by the knockdown of Dax-1 in mESC. 

Gene Fold Change Function 

Ccnd1 2.71 Cell Cycle Regulator 

Ccnd2 2.31 Cell Cycle Regulator 

Ccnd3 2.45 Cell Cycle Regulator 

Sfrp1 2.38 Secreted signaling factor that 

inhibits Wnt/-catenin signaling 

Sfrp2 2.72 Secreted signaling factor that 

inhibits Wnt/-catenin signaling 

Frzb 2.99 Soluble signaling factor that 
regulates Wnt/ β -catenin 
signaling 

Sfrp4 2.12 Secreted signaling factor that 
inhibits Wnt/ β -catenin signaling 

Sox17 2.11 Transcription factor that drives 
differentiation and cell fate 

T-Brachyury 2.06 Transcription factor that drives 
mesoderm differentiation 

Axin1 -2.6 Intracellular regulator of Wnt/ β -
catenin signaling 

Dvl1 -2.51 Intracellular regulator of Wnt/ β -
catenin signaling 

Dvl2 -3.49 Intracellular regulator of Wnt/ β -
catenin signaling 

Frat1 -3.75 Intracellular inhibitor of GSK-3 β   
in Wnt/ β -catenin signaling 

Tle2 -2.56 Transcription factor that inhibits 
differentiation 

Wisp1 -2.79 Growth Factor that induces 
Wnt/ β -catenin signaling  

Wnt4 -7.34 Secreted signaling protein that 
activates Wnt/ β -catenin signaling  

Wnt6 -3.48 Secreted signaling protein that 
activates Wnt/ β -catenin signaling  

Wnt7a -5.39 Secreted signaling protein that 
activates Wnt/ β -catenin signaling  

Wnt8a -2.45 Secreted signaling protein that 
activates Wnt/ β -catenin signaling  

 Moreover, in using SA biosciences analysis technology, we observed that, upon 

Dax-1 knockdown in mESC, several genes had a fold regulation increase of 1 

indicating significant interest of gene as a potential target of Dax-1.  My results 
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indicate that in mouse ESC  the gene products for Ccnd1, Ccnd2, Ccnd3, Sfrp1, Sfrp2, 

Frzb, Sfrp4, Sox17, and T brachyury were all modestly increased by a fold up-

regulation of 2 correlating data seen from the RT-qPCR array investigating genes 

involved in differentiation (Table 6). It was also found that upon Dax-1 knockdown 

in mouse ESC, the gene products for Axin1, Dvl1, Dvl2, Frat1, Tle2, Wisp1, Wnt6, 

Wnt7a, Wnt8a all had a modest fold down regulation of between -2 and -5 in the 

experimental samples that were treated with siDax-1 compared to the non targeting 

stealth control treated mESC. It is particularly interesting to highlight that Wnt4 had 

a fold down regulation of -7, which is particularly intriguing and significant (Table 

6).  

 To further investigate whether the knockdown of Dax-1 in mouse ESC affects 

the Wnt signaling pathway, western blot analysis using antibodies against several 

key proteins within the Wnt signaling pathway was performed. Positive Wnt 

signaling leads to excess of beta-catenin, which leads to overall transcriptional 

changes. I observed several key changes to the protein level expression of Wnt 

pathway following Dax-1 knockdown in the mESC (Figure 18). Upon treating mESC 

with either 36nM or 45nM Dax-1 siRNA, down regulation of the Wnt effector 

molecule, beta-catenin, occurred (Figure 18-lanes 4-5). Further, I observed that 

while there was less total beta-catenin present in the mESC samples treated with 

siDax-1 due to a higher degree of phosphorylation of beta-catenin at amino acid 

residues Serine 33/35 (Figure 18-lanes 4-5).  This modification event leads to 

degradation of beta-catenin. In mESC samples were Dax-1 expression is maintained, 

such as untreated, transfection reagent only, and non-targeting siRNA treated mESC, 
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expression of total beta-catenin remains strong while the degree of phosphorylation 

of beta-catenin in these samples in minimal (Figure 18-lanes 1-3). Moreover, GSK-

3, the kinase that specifically phosphorylates beta-catenin in mESC, is also affected 

by Dax-1 knockdown. Analysis of phosphorylated GSK-3 indicated that, upon 

siDax-1 treatment of mESC, less phosphorylated GSK-3 was present (Figure 18-

lanes 4-5), while more phosphorylated GSK-3B is present when the mESC are 

positive for Dax-1 (Figure 18-lanes 1-3). In analyzing beta-actin as a control, 

western blot analysis verified that levels of the cytoskeletal protein remained 

constant in all samples. 

 Finally, to correlate data observed in western blot analysis, investigation into 

the possibility of direct interaction between Dax-1 and beta-catenin was sought. 

Through co-immunoprecipitation assays, antibodies to beta-catenin were used to 

isolate beta-catenin containing other complexes from mESC (Figure 19). The 

immunoprecipitation was followed by western blot analysis using Dax-1 specific 

antibody. I found that Dax-1 was detected in those samples where beta-catenin was 

used to specifically to immunoprecipitate protein complexes (Figure 19- lane1-2).  

This protein-protein interaction was observed at 80kDa, around the molecular 

weight of beta-catenin, in untreated and stealth control treated mESC. In mESC that 

were treated with siRNA for Dax-1 at 45nM concentration, this physical interaction 

was lost (Figure 19- lane 3). This assay was performed using an IgG antibody in all 

three mESC samples as a control, and neither beta-catenin nor Dax-1 were observed 

to be pulled down by the IgG antibody (Figure 19- lane 4-6). This validates the 

protein-protein interaction between Dax-1 and beta-catenin in pluripotent mESC. 
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Figure 15: Protein-Protein Interaction of Dax

Immunoprecipitation of Dax

antibody confirmed that, when present in the mESC, such as in Untreated or Non

targeting Stealth Control treated mESC, Da

interaction with b-Catenin and this interaction is detected much less when Dax

was knocked down with 45nM siDax

interaction.   

 

 

 

 

Protein Interaction of Dax-1 and Beta-Catenin. Co

Immunoprecipitation of Dax-1 isolated when pulled down with a Beta-Catenin 

antibody confirmed that, when present in the mESC, such as in Untreated or Non

targeting Stealth Control treated mESC, Dax-1 maintainted protein-protein 

Catenin and this interaction is detected much less when Dax

was knocked down with 45nM siDax-1. IgG pull down control confirms validity of 
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Catenin 

antibody confirmed that, when present in the mESC, such as in Untreated or Non-

protein 

Catenin and this interaction is detected much less when Dax-1 

1. IgG pull down control confirms validity of 
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Discussion II 

Chapter 2: Dax-1 knockdown alters the Wnt Signaling Pathway in mESC 

 As many signaling pathways regulate development, very little is known about 

the pathways that regulate Dax-1 expression in early embryonic development. In my 

thesis research project, I sought to further elucidate the signaling factors that 

regulate Dax-1 expression. Because many of the target genes that were affected by 

Dax-1 knockdown are known targets of the Wnt signaling pathway, investigation of 

this pathway was pursued as a potentially involved in the regulation of Dax-1 in 

mouse Embryonic Stem Cells.  

 Upon knockdown of Dax-1 in mESC, several alterations to the Wnt signaling 

pathway as well as the targets genes of this pathway were observed. By performing 

a gene profile RT-qPCR array analysis of genes in the Wnt Signaling Pathway, 

determination of how Dax-1 fits into this pathway was possible. Several modest up-

regulations of the cell cycle control genes Ccnd1, Ccnd2, Ccnd3, which encodes 

Cyclin D1, Cyclin D2, and Cyclin D3, respectively were identified. In previous 

experiments in the Tzagarakis-Foster lab, it has been determined that Dax-1 

represses CyclinD1 expression through its interaction with active Estrogen Receptor 

(ER) in Breast Epithelial cell lines. By repressing CyclinD1, Dax-1 is able to further 

serve as a cell cycle brake and prevent uncontrolled cell proliferation through ER 

transcriptional activation.  Given this previous data, it correlates well with 

observations of this thesis that Dax-1 regulates the production of CyclinD to 

maintain cell cycle control in self-renewing stem cells. It appears that, as Dax-1 is 



 74

knocked down, these genes are up-regulated and are able to further drive cell 

division and differentiation.  

 Several genes that encode for signaling factors were also affected by the 

absence of Dax-1 in mESC. Many genes encoding the secreted Wnt signaling factors 

were down regulated when Dax-1 was knocked down in mESC. Wnt signaling, 

regardless of which Wnt isotype, results in the targeting of the pathway’s effector 

molecule beta-catenin. It has been observed that down-regulation of beta-catenin is 

necessary for proper differentiation of endoderm and mesoderm (Zorn 2007).  

These observations are consistent with my data, that upon loss of pluripotency 

through Dax-1 knockdown, multiple Wnts are down-regulated. This results in 

repression of beta-catenin in mESC to allow for differentiation. The Wnts that were 

observed to be down-regulated were Wnt1, Wnt2b, Wnt4, Wnt6, Wnt7a, Wnt7b, 

Wnt8a, Wnt8b, and Wnt9a. As it was also observed that several inhibitory factors of 

Wnt signaling were found to be modestly up-regulated upon knockdown of Dax-1, 

such as Sfrp1, Sfrp2, Frzb, and Sfrp4, to potentially further quiet this pathway as 

these factors are known regulative inhibitors to Wnt signaling. A particularly 

intriguing result from this array was that Wnt4 was significantly down-regulated 

below a down fold regulation of 7. This is significant because in steroidogenic tissue, 

it has been shown that Wnt4 positively up-regulates Dax-1 (Jordan 2001). Wnt4’s 

regulative capabilities have not been fully investigated in early embryonic 

development, but with such a significant decrease in the output of Wnt4 upon loss of 

pluripotency by Dax-1 knockdown, it is likely that there is connection to Dax-1 and 

Wnt4 in both steroidogenic and developmental contexts.  
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 To further investigate how Dax-1 knockdown altered the Wnt signaling 

pathway in mouse embryonic stem cells, we analyzed several major signaling 

components of the pathway. Western Blot analysis indicated that beta-catenin 

expression decreased with the loss of pluripotency. A greater degree of beta-catenin 

turn over and degradation in mESC was observed in cells that were treated with 

siDax-1 as well as a greater degree of phosphorylation of beta catenin in these 

samples. Therefore, it is likely that loss of Dax-1 and beta-catenin results in further 

driving differentiation events.  A detailed analysis of components of the Wnt 

Signaling pathway affected by Dax-1 knockdown has not previously been pursued. It 

is unknown as to whether or not Wnt signaling directly modifies the Dax-1 protein, 

but post-translational modifications of nuclear hormone receptors is not 

uncommon. Hence, it is entirely possible that the signaling components in the Wnt 

pathway directly affects the Dax-1 protein possibly by phosphorylation and this 

interaction is disrupted upon the knockdown of Dax-1. 

 To further decipher how Dax-1 may fit into the Wnt signaling pathway, I 

sought to investigate the possibility of interaction between Dax-1 and the Wnt 

effector molecule beta-catenin. Through co-immunoprecipitation assays, it was 

determined that beta-catenin interacts with Dax-1 in untreated and stealth control 

treated mESCs, and this interaction is lost when Dax-1 is knocked down. By pulling 

down Dax-1 bound to beta-catenin in the positive control Dax-1 expressing 

untreated and stealth control treated mESC, it can be concluded that these two 

transcription factors interact in pluripotent stem cells. Dax-1 functions in this 

context as a transcriptional co-regulator when it binds to transcription factors such 
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as Estrogen Receptor that is bound to DNA response elements and represses its 

transcriptional activation (Treuter 2012). It is entirely possible that Dax-1 can 

extend this function to other transcription factors, such as beta-catenin. One 

proposed mechanism of how Dax-1 functions to transcriptionally regulate 

pluripotency is that Dax-1 binds to beta-catenin and regulates which pluripotency 

genes will be activated. Once the appropriate fate signal is received, the stem cells 

differentiate, lose Dax-1 expression, and thereby lose this interaction of Dax-1 and 

beta-catenin as the stem cells drive on towards their fate. These details observed 

provide further insight into how Dax-1 functions in pluripotent stem cells, and 

hopefully will shed further light in elucidating the complexity of pluripotency in 

early embryonic development.  
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