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ABSTRACT OF THE DISSERTATION 

 

To Define the Mechanistic Basis for the Effect  

of RECK Alternative Isoform Expression on Cell Migration  

by 

 

Ha Neul Lee 

 

Doctor of Philosophy in Molecular Biology 

University of California, Los Angeles, 2019 

Professor Hilary Ann Coller, Chair 

 

For many types of animal cells, migration is essential for their physiological function. Long 

distance crawling is required for the development of a nervous system and for the ability of 

macrophages to accumulate at sites of infection. In response to a wound, resident fibroblasts 

migrate to the wound site and promote the wound healing process. Furthermore, cancer metastasis 

involves the ability of cancer cells to transform their morphology and acquire an ability to migrate. 

A better understanding of cell migration would have implications for normal development and 
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could yield therapies for multiple different disease states, including fibrosis, atherosclerosis, and 

metastasis.  

Alternative polyadenylation (APA) is the process by which the same genetic locus can 

produce multiple transcripts ending at different polyadenylation sites. Coding sequence APA can 

change the length of the amino acid and can also switch the function of the protein. Proliferating 

cells, cancer cells, and stem cells in the early stages of mouse development and tumors tend to use 

proximal polyadenylation sites and commonly show rapid cell migration. Our laboratory has 

discovered that fibroblast migration can be regulated through polyadenylation site selection. To 

date, however, no studies have been performed to research how cell migration and invasion can be 

controlled by APA. 

Reversion-inducing-cysteine-rich protein with kazal-like motifs (RECK) suppresses cell 

migration. Previous studies have documented a role for RECK on the cell surface in inhibiting 

MMP activity via its Kazal-like motifs. RECK has also been implicated in tubulin dynamics and 

in anterior-posterior polarity. Our lab discovered through an RNA-Seq-based screen that there are 

short and long RECK isoforms that are generated by coding region alternative polyadenylation.  

In this dissertation, I explain how cell migration and invasion can be controlled by APA 

via alternative isoform expression of the RECK protein. I show that the short RECK isoform 

promotes cell migration and that this result is mediated by short RECK and long (canonical) RECK 

interaction. Furthermore, I propose that RECK APA can regulate cell migration not only through 

its established role of modifying matrix metalloproteinases but also via its roles in affecting tubulin 

post-translational modifications (PTMs). These studies provide a much more detailed and 

mechanistic model for the biological functions of RECK alternative isoform use. 
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Introduction  
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Cell Migration 

Mechanisms of Cell Migration  

Cell migration is an evolutionarily conserved mechanism critical for proper development 

and the function of uni- and multicellular organisms (Mayor and Etienne-Manneville, 2016). For 

many types of animal cells, migration is essential for their physiological function. For example, 

long-distance crawling is required for the development of a nervous system (Lake and Heuckeroth, 

2013) and for the ability of macrophages to accumulate at sites of infection (Verollet et al., 2011).  

To facilitate cell migration, cells change their intracellular and extracellular environment 

at the same time (Friedl and Wolf, 2003). In the intracellular region, migrating cells remodel their 

cytoskeleton to increase their polarity and ensure the directionality of their migration (Etienne-

Manneville, 2013). Cells remodel tubulin and actin to induce their protrusion for migration, 

forming filopodia and lamellipodia towards the direction of cell migration. The extended filopodia 

and lamellipodia can adhere to the extracellular matrix by a focal complex consisting of vinculin, 

talin, and integrin. Using cell protrusions fixed by a focal complex, cells can move forward by 

contracting their rear body (Humphries et al., 2007; Mattila and Lappalainen, 2008). On the cell 

surface, cells secrete matrix metalloproteinases (MMPs) and digest extracellular matrix proteins 

such as collagens and laminin to allow them to detach and reattach to their surface as needed for 

migration (Friedl and Wolf, 2003). MMPs, structurally related zinc-dependent endopeptidases, 

degrade extracellular material. MMPs, such as MMP2 and MMP9, or membrane-anchored, such 

as MT1-MMP, can be secreted into the extracellular environment. MMPs can promote cell 

migration and invasion by cleaving and regulating extracellular molecules. For instance, MMP2 

cleaves laminin-5 to promote migration of breast epithelial cells (Giannelli et al., 1997). MMPs 

can also promote cancer cell invasion and metastasis (Nabeshima et al., 2002), for instance by 
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facilitating degradation of the basement membrane (Liotta et al., 1980; Tsunezuka et al., 1996). 

The role of MMPs in promoting migration and invasion includes clearing away ECM occluding a 

cell’s progression. In addition, MMPs can generate epitopes that actively promote migration (Zuo 

et al., 1998), and MMP activity can result in an arrangement of matrix that promotes migration 

(Nabeshima et al., 2002).  Further, MMPs can also perform proteolysis of proteins involved in 

adhesion and thereby promote cancer cell invasion (Belkin et al., 2001; Kajita et al., 2001). 

Coordinating both intracellular and extracellular changes is required for productive movement 

(Bouchet and Akhmanova, 2017). 

 

Cell Migration Regulators 

Several signaling pathways have been well established as regulators of cell migration. The 

AKT pathway, which is a pro-survival pathway, is important for the formation of membrane 

protrusions like filopodia at the leading edge of a migrating cell (Montero et al., 2003; Xue and 

Hemmings, 2013). The inflammation-associated JNK pathway promotes cell migration by 

multiple mechanisms, including by phosphorylating paxillin and thereby promoting the turnover 

of focal adhesions needed for migration (Huang et al., 2004a; Huang et al., 2004b). ERK signaling 

also promotes migration (Huang et al., 2004a), and among its targets, phosphorylation of FAK and 

myosin light chain kinase are good candidates as mechanisms through which ERK promotes 

migration (Hunger-Glaser et al., 2003; Klemke et al., 1997). In addition, the three signaling 

pathways mentioned above can commonly regulate cell invasion through extracellular matrix 

digestion by controlling the transcription of MMP2 and MMP9 (Wu et al., 2015). Cells can 

regulate cell migration by regulating the activity of these signaling pathways in many different 

ways.  
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First, the activity of the signaling pathway can be regulated by ligands from inside or 

outside of the cells. Growth factors such as platelet-derived growth factor (PDGF), epidermal 

growth factor (EGF), fibroblast growth factor (FGF), and transforming growth factor beta (TGF-

β) activate the AKT, ERK, and JNK signaling pathways (Borkham-Kamphorst and Weiskirchen, 

2016; Jiang et al., 2006; Massague, 2012; Ornitz and Itoh, 2015; Ying et al., 2017). Secondly, the 

cell migration pathway can also be regulated by microRNAs. MicroRNAs bind to target RNAs 

and silence the expression of the target protein by inhibiting translation of target RNA (Ha and 

Kim, 2014). MicroRNAs can control cell migration by targeting ligands that activate migration-

related pathways, mediators, inhibitors, or activators involved in the signaling pathway 

(Rajasekaran et al., 2015). Thirdly, cell migration also can be regulated by controlling the rate of 

extracellular matrix digestion through modulation of the activity of MMPs. MMPs are secreted in 

an inactive state, then converted to an active form. Once active, they can cleave proteins in the 

extracellular matrix. ProMMPs are maintained in an inactive state in which their catalytic domain 

is sequestered via thiol-Zn2+ interactions. When the thiol-Zn2+ interaction of proMMP is cleaved 

by proteolytic or non-proteolytic processing, the catalytic domain is exposed and proMMPs are 

converted to active MMPs. Proteins involved in proteolytic cleavage include Furin and MT1-MMP, 

while reactive oxygen species (ROS) participate in non-proteolytic cleavage (Ra and Parks, 2007). 

MMP activity can be suppressed by proteins containing the Kazal domain, which can prevent 

access of the substrate to the active site of MMPs. Reversion-inducing-cysteine-rich protein with 

Kazal-like motifs (RECK) is an example of a protein with Kazal-like motifs that inhibit MMPs 

(Takahashi et al., 1998b). 

 

Cell Migration and Disease 
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A better understanding of cell migration would yield therapies for multiple different disease 

states, including fibrosis, atherosclerosis, and metastasis. During wounding, many of the organs of 

the body, such as heart (Chen and Frangogiannis, 2013), liver (Dooley and ten Dijke, 2012), and 

lung (Acharya et al., 2008), secrete TGFβ. Secreted TGFβ activates fibroblast proliferation and 

migration and induces fibroblasts to migrate to the site of injury (Acharya et al., 2008; Chen and 

Frangogiannis, 2013; Dooley and ten Dijke, 2012). One of the main causes of atherosclerosis is 

the migration of activated vascular smooth muscle cells to the site of damaged endothelial cells 

(Rudijanto, 2007). Furthermore, in the context of cancer, metastasizing cells remodel their 

extracellular environment with increased secretion of matrix metalloproteinases (MMPs) 

(Deryugina and Quigley, 2006), and gain increased motility through epithelial to mesenchymal 

transition (Kalluri and Weinberg, 2009). 
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RECK (Reversion-inducing cysteine-rich protein with Kazal motifs)  

The RECK protein was isolated by cDNA expression cloning as a gene that induces flat 

morphology when expressed in a ras-transformed NIH 3T3 cell line (Takahashi et al., 1998a). 

RECK encodes a C-terminal GPI-membrane-anchored 110 kDa protein with multiple serine 

protease inhibitor motifs. RECK has been shown to inhibit cell migration by suppressing the 

activity of MMPs (Oh et al., 2001). 

 

Role of RECK in Cell Migration 

RECK is characterized for its role in inhibition of cell migration and invasion. RECK is an 

inhibitor of members of the MMP family (MMP-2, MMP-9 and MT1-MMP) and the a disintegrin 

and metalloproteinase family (ADAM10) (Chang et al., 2008; Hong et al., 2014; Miki et al., 2007; 

Oh et al., 2004; Oh et al., 2001; Takahashi et al., 1998a). Because these metalloproteinases are 

critical regulators of key signaling molecules that control the tissue microenvironment, including 

TGF-β, VEGF, and E-cadherin, RECK is expected to play an important role as a controller of the 

signaling and structural components of the tissue microenvironment. RECK-deficient mice die at 

embryonic day 10.5 as a result of reduced extracellular matrix integrity with reduced type I 

collagen and halted vascular development (Oh et al., 2001). Because of the absence of RECK, the 

rate of angiogenesis is so fast that it does not have enough time for vascular maturation (Oh et al., 

2001). RECK has also been implicated in tubulin dynamics and in anterior-posterior polarity 

(Morioka et al., 2009). RECK-/- MEFs are defective in the formation of focal adhesions, have 

increased levels of GTP-bound Rac1 and Cdc42 activity, and lower levels of detyrosinated tubulin 

(Morioka et al., 2009). Thus, RECK plays a role in inhibiting cell migration by affecting both 

inside and outside of the cell. 
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Structure of RECK 

The protein structure of RECK is still unclear. RECK is a heavily glycosylated protein, 

which makes it difficult to identify structures through X-ray crystallography. Nonetheless, the 

Noda group attempted to reveal the structure of RECK through transmission electron microscopy 

(Omura et al., 2009). According to this study, RECK forms a cowbell-shaped dimer with the two 

projections facing outward. However, this study has a resolution of only 25.2 Å, which makes it 

difficult to describe the detailed RECK structure.  

How RECK interacts with MMPs can only be indirectly studied through the structure of 

the previously known Kazal-like motif. The Kazal domain, which has a central alpha-helix, a short 

two-stranded antiparallel beta-sheet, and several disulfide bonds, often forms a tandem array. The 

amino terminal segment of Kazal-like motif binds to the active site of the target protease and 

inhibits their function (Schlott et al., 2002; Stubbs et al., 1997; van de Locht et al., 1995)  

 

RECK and Disease 

RECK is widely expressed in normal tissue and nonneoplastic cell lines and is strongly 

suppressed in some tumor-derived cell lines and in cells transformed by oncogenes (Sasahara et 

al., 1999a; Sasahara et al., 1999b; Takahashi et al., 1998a). RECK RNA levels are downregulated 

in a number of tumors (Noda and Takahashi, 2007) including hepatocarcinomas (Furumoto et al., 

2001), non-small cell lung cancer (Takenaka et al., 2005), prostate cancer (Rabien et al., 2007), 

pancreatic cancer (Masui et al., 2003), and breast cancer (Span et al., 2003).  Low RECK levels 

have consistently been identified as an independent and significant factor predicting poor 
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prognosis (Furumoto et al., 2001; Noda and Takahashi, 2007; Rabien et al., 2007; Takenaka et al., 

2005). Reintroduction of RECK into cancer cells reduces their ability to invade into matrigel and 

to metastasize to lung and lymph nodes (Takahashi et al., 1998a).  

The effectiveness of some established anti-tumor treatments may reflect their effects on 

RECK.  For example, the anti-angiogenic and anti-metastatic agents histone deacetylase inhibitors 

(Liu et al., 2003) and non-steroidal anti-inflammatory drugs (Liu et al., 2002) both induce RECK 

mRNA levels and protein levels. Manipulating RECK levels has been repeatedly proposed as a 

promising approach to therapy (Hsu et al., 2006; Rabien et al., 2007), but no effective strategies to 

manipulate RECK are currently available as therapies for cancer patients. 
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Alternative polyadenylation (APA) 

Alterative polyadenylation events result in transcript isoforms with different 3’ ends (Di 

Giammartino et al., 2011; Elkon et al., 2013; Tian and Manley, 2013). Because many of the 

recognition sites for regulators of post-transcriptional events such as microRNA recognition sites 

or RNA binding protein recognition sites are localized to transcript 3’ UTRs, alternative 

polyadenylation can potentially result in altered transcript localization (Andreassi and Riccio, 2009; 

Michaud et al., 2014; Solomon et al., 2003), translatability (Mayr and Bartel, 2009; Pinto et al., 

2011; Spies et al., 2013; Yoon et al., 2013), or stability (Allen et al., 2013; Geisberg et al., 2014; 

Gupta et al., 2014; Mayr and Bartel, 2009; Miyamoto et al., 1996).  When alternative 

polyadenylation occurs among polyadenylation sites in 3’ UTRs (UTR-APA), the resulting 

isoforms can include or exclude microRNA or RNA binding protein recognition sites.  In cases in 

which the proximal polyadenylation site resides within the coding sequence (coding-APA), 

alternative polyadenylation, often coupled with alternative splicing, can result in distinct protein 

isoforms. These distinct protein isoforms have the potential to encode proteins that compete with 

each other or have different functions (Alt et al., 1980; Early et al., 1980; Lu et al., 2003; Rogers 

et al., 1980; Solomon et al., 2003; Vorlova et al., 2011). Computational analysis of mammalian 

genomes led to estimates that approximately 50% of human genes and 30% of mouse genes 

possess multiple polyadenylation sites (Tian et al., 2005), making alternative polyadenylation 

potentially a powerful mechanism of global gene regulation. 

 

Change of APA according to the cell environment 

The development of protocols to specifically map mRNA cleavage and polyadenylation 
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sites using high throughput sequencing (Derti et al., 2012; Jan et al., 2011; Mangone et al., 2010; 

Ozsolak et al., 2010; Sharon et al., 2013; Shepard et al., 2011; Sun et al., 2012) has resulted in a 

better appreciation of the global patterns of alternative polyadenylation in different cellular states, 

tissues and different species.  3’ UTR lengths have been discovered to differ for a large fraction of 

the genome between different tissues (Hilgers et al., 2011; Lianoglou et al., 2013; Wang et al., 

2008) and during development (Ji et al., 2009; Ji and Tian, 2009; Lianoglou et al., 2013; Shepard 

et al., 2011; Ulitsky et al., 2012).  Polyadenylation site usage is more similar among samples 

derived from the same tissue from different species than between different tissues within a single 

species (Derti et al., 2012).  Among tissues, neurons express particularly long 3’ UTRs isoforms, 

while gonads express transcripts with unusually short 3’ UTRs (Miura et al., 2013; Smibert et al., 

2012).  In general, non-dividing cells (Elkon et al., 2012) and differentiated cells (Lianoglou et al., 

2013; Masamha et al., 2014; Mayr and Bartel, 2009; Sandberg et al., 2008; Ulitsky et al., 2012) 

predominantly use distal polyadenylation sites, while proliferating cells (Elkon et al., 2012; Lin et 

al., 2012; Sandberg et al., 2008), stem cells (Ji and Tian, 2009) and cancer cell lines (Masamha et 

al., 2014; Mayr and Bartel, 2009) generally use proximal polyadenylation sites. Alternative 

polyadenylation has also been implicated in a disease states in addition to cancer, such as cardiac 

hypertrophy (Park et al., 2011), hematologic diseases such as thalassemia (Higgs et al., 1983; 

Hollerer et al., 2014), and neurodegenerative disease such as fragile-X syndrome (Hollerer et al., 

2014; Tassone et al., 2011). 

 

Polyadenylation factors involved in APA 

Cleavage and polyadenylation of mRNA transcripts is the result of the coordinated activity of 

complexes involving approximately 85 different proteins that serve as an interface between 
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cleavage and polyadenylation and other processes and pathways including splicing (Shi et al., 

2009).  The cleavage and polyadenylation specificity factor (CPSF) complex binds a hexameric 

sequence in a 50-nt region upstream of the cleavage site (Akman and Erson-Bensan, 2014; Elkon 

et al., 2012; Elkon et al., 2013).  The canonical version of this poly(A) signal (PAS) is AAUAAA, 

but similar noncanonical sequences are also used. About 14-70 nucleotides downstream of the 

PAS, a U/GU-rich region provides a binding site for the CSTF2 (CstF-64) subunit of the CstF 

complex (Millevoi and Vagner, 2010).  Cleavage and polyadenylation are then performed with the 

assistance of other proteins and complexes including CFI (cleavage factor I), CFII (cleavage factor 

II), symplekin, and poly(A) polymerase.  The selection of proximal versus distal polyadenylation 

sites likely reflects a combination of changes in the abundance of trans-acting regulators such as 

protein members of the cleavage and polyadenylation complexes or splicing factors (Takagaki et 

al., 1996), and cis-acting elements such as RNA motifs and epigenetic changes affecting chromatin 

(Akman and Erson-Bensan, 2014; Di Giammartino et al., 2011; Lee and Chen, 2013; Lin et al., 

2012).  Increased levels of cleavage and polyadenylation factors have been reported in 

proliferating compared with nondividing cells (Elkon et al., 2012; Shell et al., 2005), and promoter 

analysis of cleavage and polyadenylation factors including CSTF2 (CstF-64), CSTF3 (CstF-77), 

and CPSF2 showed that these genes are responsive to the activity of E2F transcription factors 

(Elkon et al., 2012).  

 

Change of protein function by APA 

Coding-APA can result in proteins with divergent functions encoded by the same genomic locus. 

Alternative polyadenylation controls the switch from membrane-bound to secreted isoforms of the 

immunoglobulin M heavy chain that occurs during B lymphocyte differentiation (Alt et al., 1980; 
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Early et al., 1980; Rogers et al., 1980).  Alternative polyadenylation can also result in the synthesis 

of isoforms of transmembrane proteins lacking the anchoring transmembrane domain and the 

intracellular kinase function (Vorlova et al., 2011).  These soluble isoforms can act as decoy 

receptors for the signaling pathway (Vorlova et al., 2011). As another example, use of an intronic 

alternative polyadenylation site of TCF7L2 generates an isoform that retains the β-catenin binding 

domain but lacks the high mobility group box DNA-binding domain and may inhibit TCF7L2-

dependent gene expression by sequestering β-catenin (Locke et al., 2011).  In another study, 

alternative polyadenylation was discovered to result in a truncated isoform of glutamyl-prolyl 

tRNA synthetase, part of a complex that inhibits translation (Yao et al., 2012).  The shorter protein 

product was found to shield transcripts from the inhibitory complex, and thereby facilitate their 

translation.  In a final report, an isoform of the cyclin D1 gene in which the inclusion of an intron 

results in the use of an earlier polyadenylation site was studied (Solomon et al., 2003).  This 

alternative isoform differs from the canonical protein in that it displays constitutive nuclear 

localization and exhibits transforming potential (Solomon et al., 2003). 
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Based on the close association between active APA and cancer cells and early development, 

there was a reason to believe that APA is related to cell migration, but previous studies had not 

demonstrated this connection. Furthermore, to understand the molecular mechanism of RECK, it 

is necessary to identify the protein structure of high resolution. In the following two chapters, I 

demonstrate an exploration of questions related to RECK, APA and cell migration.  

 

In chapter 2, I explain how cell invasion can be controlled by APA through changes in the 

expression of isoforms of the RECK protein. I show that RNA and protein levels of the short form 

of RECK are increased in cell migratory conditions by APA. I then show that the short form of 

RECK functions as a dominant negative form of canonical RECK through protein-protein 

interactions. Short RECK can interfere with canonical RECK’s ability to suppress MMP activity. 

In chapter 3, I demonstrate that RECK APA can also contribute to cell migration through tubulin 

PTM regulation in addition to invasion.   
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RECK isoforms differentially regulate fibroblast migration by modulating tubulin post-

translational modifications  
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Cell migration is controlled in a variety of ways (Devreotes and Horwitz, 2015; Etienne-

Manneville, 2013; Kaverina and Straube, 2011; Nabeshima et al., 2002; Yamaguchi and 

Condeelis, 2007). Cell migration-related gene expression can be controlled by the activity of 

signaling pathways associated with cell migration such as ERK, AKT, and JNK (Huang et al., 

2004). On the cell surface, invasion can be regulated by controlling the activity of matrix 

metalloproteinases (Kessenbrock et al., 2010). In addition, cytoskeleton dynamics can regulate 

cell migration by controlling the formation of filopodia and lamellipodia (Arjonen et al., 2011). 

Recently, it has been reported that cell migration can be controlled by alternative 

polyadenlyation (Mitra et al., 2018) Therefore, understanding the different molecular 

mechanisms that control cell migration is crucial in the study of developmental biology and cell 

migration-related disease therapies. The data shown in this thesis represents my efforts to 

understand how a change in the expression of alternative isoforms in response to changes in a 

cell’s environment can control cell migration by focusing on the RECK protein.   

Studies describing changes in protein function by altering protein sequence through 

alternative polyadenylation have been reported previously (Vorlova et al., 2011), but studies to 

relate alternative polyadenylation to migration have been mostly unexplored. Our lab discovered 

that migration of quiescent fibroblasts is slower than proliferating cells. We observed that for 

some genes, alternative polyadenylation becomes more frequent at distal polyadenylation sites 

when cells become quiescent (Mitra et al., 2018). These observations from our study led to the 

hypothesis that cell migration can also be controlled through alternative polyadenylation. We 

were able to test this hypothesis by silencing polyadenylation factors, such as CstF64, and 

confirmed that cell migration was reduced when CstF64 levels were reduced. However, we were 
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not able to explain the specific molecular mechanism by which alternative polyadenylation 

regulates cell migration in our previous study.  

In Chapter 2, I showed that a short form of RECK produced by APA in cell migratory 

conditions supports cell migration unlike canonical RECK. Based on RNA-Seq and polyA-Seq 

data, we observed that RECK undergoes APA and generates a short form of RECK that is more 

prevalent when the fibroblasts are proliferating. However, we have not yet understood the 

molecular mechanism of how short RECK is generated. We will continue to investigate which 

polyadenylation factors and splicing factors are involved in generating the short isoform of 

RECK. I would expect to obtain the answer if we look at the differential expression of short 

RECK after introducing mutations in the binding site of specific polyadenylation factors or 

splicing factors in genomic DNA using CRISPR / Cas9 technology.  

In chapter 2, I characterized the role of short RECK by knockdown experiments and 

revealed that the short form of RECK supports cell invasion. The short form of RECK interacted 

with the canonical RECK and inhibited cell migration suppression activity of the canonical 

RECK similar to a dominant negative form. The short form of RECK binds to the MMP 9 

binding region of canonical RECK and plays a role in interfering with the interaction between 

MMP9 and canonical RECK. We still wonder how short RECK competes with MMP9 and does 

not compete with MMP2. Since MMP9 forms a homodimer and MMP2 does not (Dufour et al., 

2010), one possibility is that the difference in RECK binding can be explained by differences in 

the structure of the MMP. However, the protein structure of MMP2 (PDB: 1RTG) and MMP9 

(PDB: 1ITV) has been studied, whereas the protein structure of RECK isoforms has not been 

available to date. To answer the question, a protein structure study of RECK isoforms should be 

performed. 
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Using bimolecular fluorescence complementation assay, I established a method to 

visualize the interaction between short RECK and long RECK. This method is expected to be 

useful for small molecule high throughput screening for molecules that interfere with the 

interaction between short RECK and long RECK. If we discover small molecules that regulate 

cell invasion, our results may suggest a therapeutic strategy for not only cancer metastasis, but 

also to other cell migration-related diseases.  

 

 The relationship between tubulin posttransalational modifications and cell migration is 

poorly understood. Based on a previous report that RECK induces glu-tubulin (detyrosinated 

tubulin) (Morioka et al., 2009), I studied whether short RECK is involved in tubulin PTM and 

also investigated whether RECK isoforms might affect fibroblast migration by alterating tubulin 

PTMs. In Chapter 3, I found that RECK can regulate cell migration through tubulin PTMs. 

Interestingly, knockdown experiments showed that RECK isoforms modulate tubulin PTM 

differently. My results showed that short RECK supports tubulin acetylation and inhibits 

detyrosination, which is the opposite of long RECK’s role on tubulin PTMs. I was able to reveal 

that tubulin acetylation supports fibroblast migration and detyrosination inhibits fibroblast 

migration. Our lab will continue to explore how tubulin PTM affects the migration of fibroblasts. 

Previous studies have shown that tubulin PTMs affect tubulin dynamics (Magiera and Janke, 

2014) and tubulin dynamics affects cell migration (Ganguly et al., 2013). We have successfully 

visualized tubulin dynamics in fibroblasts by introducing fluorescent protein conjugated EB1 

into fibroblasts. We will investigate whether changes in tubulin PTMs in fibroblasts affect 

tubulin dynamics by introducing shRNAs against TTL or αTAT1, which can alter the tubulin 

PTM level, into the engineered fibroblast. I also explained the mechanism by which short RECK 
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regulates tubulin PTMs, by observing that MMP9 liberated from long RECK by short RECK can 

induce tubulin acetylation through integrin signaling.  It will be interesting going forward to 

determine which integrin is important for tubulin PTMs and which signaling pathway, such as 

Rac/CDC42 or FAK/Src, is used for tubulin PTMs by the integrin. In sum, I showed through 

Chapter 3 that migration of fibroblasts can be regulated via tubulin PTMs and that RECK 

isoforms can regulate tubulin PTMs. This study suggests that RECK isoforms can regulate 

fibroblast migration by modulating tubulin PTMs in addition to digesting ECM proteins.  

The studies covered in this dissertation show that cell migration is regulated through 

APA, which adds one explanation for understanding the complex mechanisms that control cell 

migration. At the same time, it shows the molecular mechanism of how the short form of RECK 

supports cell migration and provides important clues to understanding cell migration during 

development and wound healing. My research also provides a rationale for the treatment of 

diseases associated with fibroblast migration. For example, many diabetic patients suffer from 

chronic wounds due to slow migration of fibroblasts (Blakytny and Jude, 2006). It is possible 

that if we induce the expression level of short RECK in wounds of these chronic wound patients, 

we would improve wound healing by promoting the migration of fibroblasts.  
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