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Abstract 

Acute Myeloid Leukemia (AML) is a form of leukemia characterized by the 

proliferation of undifferentiated white blood cells. Although there are many contributing 

factors that lead to AML, situations regarding the overexpression of essential epigenetic 

regulators is correlated to poor prognosis in AML patients. In some cases, a histone 

demethylase, Lysine Specific Demethylase 1, LSD1, is overexpressed, thereby leading to 

the development of inhibitors against the protein. This is evidenced by the plethora of 

reversible and irreversible compounds synthesized by pharmaceutical companies over the 

past few years, including an irreversible inhibitor, GSK-LSD1, that is currently in clinical 

trials. The inhibition of LSD1 abrogates cell proliferation. GSK-LSD1 inhibits LSD1 in a 

suicide-inactivation mechanism through a covalent modification in the catalytic pocket, 

resulting in cell the abrogation of cell proliferation. Initially, it was hypothesized that 

GSK-LSD1causes cell death by diminishing LSD1 catalytic activity. But it was recently 

discovered that GSK-LSD1 disrupts protein-protein interactions between LSD1 and 

GFI1/1B. This discovery, therefore, suggests that LSD1 catalytic activity is not essential 

for leukemia proliferation, rather it is the maintenance in protein interaction between 

LSD1 and GFI1/1B that allows for cell proliferation.  

This finding is an example of why it is important to understand the molecular and 

biochemical basis of this protein interaction – investigating this interaction allows 

researchers to improve and alter small-molecule drugs for clinical use. For instance, in a 

disease state where mutations in LSD1 may arise in the catalytic pocket, perhaps the 



mutations provide a loss of enzyme activity phenotype but is able to maintain the 

interaction between GFI1/1B. Since drug binding occurs in the catalytic pocket, the drug 

may no longer bind in the mutated pocket, so the protein interaction is sustained and a 

drug resistant mutant arises due to the drug’s inability to disrupt the protein interaction. 

Although some research has been done to understand LSD1-GFI1B interaction in 

physiological state, little is known about the interaction between other domains of LSD1 

and alternate regions of GFI1B that allow for this interaction, since peripheral domains 

may allow for allosteric interaction and regulation of downstream effects. Thus, it would 

be of importance to further study this interaction as it may allow researchers to identify 

additional drug-able sites on LSD1 or GFI1B.  

Based on past literature, the SNAG domain is known to act as a molecular hook 

for LSD1 with SNAI1, but this domain is expressed in other SNAG containing proteins, 

including GFI1/1B. Research has shown that mutation of the phenylalanine at the 5 

position of the SNAG domain in SNAI1 prevents interaction between LSD1. As such, 

using sequence conservation between SNAI1 and GFI1B in the SNAG domain, we 

hypothesize that binding of GSK-LSD1 perturbs this interaction through a bumping 

mechanism in the phenylalanine position of the SNAG domain in GFI1/1B. The data 

obtained from this research can elucidate the types of drugs that can be effective LSD1 

inhibitors to block LSD1 and GFI1/1B interaction.
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Chapter I. 

Introduction 

Acute Myeloid Leukemia 

Acute Myeloid Leukemia (AML) is a form of cancer that is characterized by the 

proliferation of abnormally differentiated hematopoietic cells (Dohner et al. 2015). AML 

is an aggressive cancer with high relapse rates and low prognosis, where in 2018, nearly 

20,000 new cases are projected to arise and approximately 10,000 patients will die 

(Siegel et al. 2018). The incidence of AML increases with age, especially those ages 65 

and up; and while individuals younger than 65 are able to develop AML, their chances of 

survival are higher due to age and availability of therapeutic options (Shah et al. 2013). 

This form of leukemia was considered incurable roughly 50 years ago, however, 

technological advancements in recent years, such as next-generation sequencing (NGS), 

and development of chemical therapeutics have allowed researchers and physicians to 

identify genetic mutations and target proteins associated with AML.  

NGS research has identified various genetic mutations that confer aberrant gene 

expression in hematopoietic cells. The causes of AML are numerous, and it has been 

suggested that mutated cell lines arise from clonal hematopoiesis of indeterminate 

potential – a process in which hematopoietic stem cells propagate from a mutated cell, 

thus generating cell populations consisting of the same genotype (Bowman et al. 2018).  

Additionally, hematological syndromes and disorders as a result of inherited familial 

mutations can eventually lead to AML development. These variants include mutations 
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within genes of transcription factor fusions, tumor suppressor genes, signaling genes, 

chromatin-modifying genes, myeloid transcription factor genes, and more (Dohner et al. 

2017). Among these mutations, recurring mutated genes included epigenetic modifiers 

such as TET2, EZH2, and DNMT3A (Bullinger et al. 2017, Dohner et al. 2017, 

Papaemmanuil et al. 2016).  Furthermore, analysis of patient samples in genetic and 

genomic studies have identified diagnostic characteristics and clinical outcomes; some of 

which include mutations in IDH2, a metabolic enzyme, and P53, a tumor suppressor, as 

well as translocations and aneuploidy karyotypes. The result of these data suggests that 

certain aneuploidies karyotypes and genetic mutations are associated with poor prognoses 

(Papaemmanuil et al. 2016).  

Alongside current research and technological advancements is the development of 

various therapies to treat AML. Patients diagnosed with AML are given the standard 

treatment of 7+3 combination therapy with 7-10 days of cytrabine and 3 days of 

anthracycline. However, the efficacy of these treatments is limited, being more 

efficacious in younger patients than older patients, and most AML patients are in the 

older range. Despite the standard treatment, treatments vary depending on the subtype of 

AML (based on mutations), stage of disease, fitness of the patient, and age. For example, 

younger patients are given higher doses of cytrabine while older patients or patients with 

poorer fitness undergo hematopoietic stem cell transplantation after first remission (Yang 

& Wang 2018). Other therapies are currently being investigated including additional 

chemical therapies as well as new immunotherapies. Despite such efforts though, some 

patients relapse, thus creating a challenge for many physicians and researchers (Dombret 

& Gardin 2016, Yang & Wang 2018).  
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Epigenetics 

 The study of epigenetics recently became an important field of focus especially in 

the study of cancer biology. Although the definition of epigenetics has changed over the 

years, epigenetics involves the dynamic regulation of gene expression without altering 

genes. Instead, dynamic regulation of gene expression is modulated by proteins that 

affect chromatin states: an open, euchromatin state, or closed, heterochromatin state 

(Allis & Jenuwein 2016). Consequently, open chromatin promotes transcriptional activity 

by allowing respective transcriptional machinery to access genes and promoters, while 

closed chromatin denies the same machinery access to those regions. The creation of 

open chromatin or formation of closed chromatin regions are modulated by reversible 

modifications on DNA or histones, proteins that package the DNA (Allis & Jenuwein 

2016). These modifications are regulated by enzymes, categorized as writers, readers, and 

erasers due to their differences in functionality – writers that lay down the modifications 

(i.e. methyl, acetyl, or phosphate groups), readers that recognize the modifications 

through specific domains (i.e. chromo, bromo) and recruit context-specific transcriptional 

machinery, and erasers that remove such modifications (Faklenberg and Johnstone 2014). 

 In the context of AML, a variety of epigenetic modifiers are mutated. For 

example, as mentioned above, the DNA methyltransferase, DNMT3A, is mutated. In 

normal physiology, DNMT3A is a writer protein that functions as a de novo 

methyltransferase – placing a methyl group onto CpG regions of DNA. As such, some 

patients with mutations in DNMT3A have an epigenetic landscape showing reduced DNA 

methylation (Spencer et al. 2017). However, due to the heterogeneity nature of AML 
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development, mutations in epigenetic modifiers are not the only drivers of AML. In other 

cases, overexpression of other epigenetic modifiers such as DNA methyltransferase 1, 

DNMT1, and Lysine Specific Demethylase 1 (LSD1) (Castelli et al. 2018) are feasible.  

 

Lysine Specific Demethylase 1 and Protein Partners 

 Despite the propensity of mutations driving AML, Lysine Specific Demethylase 1 

(LSD1) is often found to be overexpressed rather than mutated (Magliulo et al 2018). The 

overexpression of LSD1 has been shown to be a driver of proliferation in undifferentiated 

hematopoietic cells (Sun et al. 2018).  LSD1 is an FAD dependent amine oxidase that 

catalyzes mono- and di- histone demethylation (Shi et al. 2004).  In conjunction of its 

epigenetic function, LSD1 also regulates hematopoiesis differentiation through 

interaction with transcription factors that dictate lineage differentiation (Castelli et al. 

2018).  In an effort to discover inhibitors of LSD1, researchers performed a screen of 

small molecule inhibitors that inhibited LSD1 activity (Mohammad et al. 2015). Their 

screen revealed a set of inhibitors that targeted LSD1 and contained a cyclopropylamine 

moiety—a moiety found in a class of drugs used to treat depression by inhibiting 

monoamine oxidases (MAOs). Further mechanistic studies revealed that the inhibitor 

covalently binds to the FAD cofactor, leading to irreversible inhibition of the enzyme. 

The mechanism-based suicide inhibition of LSD1 occurs in a similar manner as MAO 

inhibition, thus, suggests that synthesizing small molecules that contain the 

cycloproylamine moiety can be potential candidates for clinical use against AML. This 

discovery of a new set of drugs have promoted generations of structurally similar 

inhibitors to inhibit LSD1, some of which are now in clinical trials. Although, these drugs 
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have had some success in treating patients with AML in clinical trials, the downstream 

mechanisms of how inhibition of LSD1 perturbs AML progression were not known until 

recently. As a result, researchers postulated that the cause of anti-proliferative effects in 

AML are due to inhibition of LSD1 activity because of the position in which the drug 

binds and the drug binding mechanism. However, recent research showed that LSD1 

activity is not required for LSD1 inhibition, rather LSD1 inhibition disrupts a protein-

protein interaction that is responsible for hematopoietic growth.  

 Growth factor independence 1 (GFI1) and GFI1B are a set of transcriptional 

repressors that interact with LSD1 (Saleque et al. 2007). These transcription factors share 

about 95% sequence homology with each other, including homology in the N-terminal 

SNAG domain and six C-terminal CZHZ zinc finger domains (van der Meer et al. 2010). 

Physiologically, these transcription factors play an important role in regulation 

hematopoiesis, specifically in neutrophil differentiation. Knockout of GFI1 and GFI1B in 

mice and mutations in these transcription factors have resulted in neutropenia (van der 

Meer et al. 2010, Person et al. 2003).  

Crystal structures of LSD1 have demonstrated that the catalytic domain of LSD1 

is spacious –containing the FAD cofactor – and is able to bind to proteins and histone 

tails (Stavropoulos et al. 2006). Of these proteins that bind in the catalytic pocket of 

LSD1 are transcription factors, GFI1 and GFI1B, where the functionality of the 

interaction leads to proliferation of normal and malignant hematopoietic cells (Laurent et 

al. 2011, Velinder et al. 2016). Given this knowledge, researchers were able to further 

demonstrated that LSD1 inhibition by a small molecule inhibitor displaces GFI1/1B and 

CoREST proteins, which induces differentiation of hematopoietic cells (Maiques-Diaz et 
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al. 2018). While it is known that the SNAG domain is required for the interaction with 

LSD1, the chemical and structural understanding of the interaction and how this 

interaction is disrupted by LSD1 small molecules remain elusive. Additionally, the 

SNAI1 protein has also been shown to interact with LSD1 through the SNAG domain, in 

particular through the phenylalanine at the 5 position of the SNAG domain (Lin et al. 

2010). Therefore, due to domain conservation across GFI1/1B and SNAI1, we suggest 

that this phenylalanine is essential for interaction with LSD1. We hypothesize that 

treatment with an LSD1 inhibitor, GSK-LSD1, blocks interaction between LSD1 and the 

phenylalanine in the SNAG domain of GFI1/1B. Furthermore, we hypothesize that 

mutagenesis of the phenylalanine to alanine will rescue the proliferation phenotype when 

AML cells are treated with GSK-LSD1 by restoration of protein binding through a 

chemical bridge. Thus, this understanding of the chemical interaction between GFI1/1B 

and LSD1 will not only shed light on effective LSD1 inhibitors but also provide 

structural insight on suitable LSD1 inhibitor structures for future AML therapeutics and 

small molecule compounds.  
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Chapter II 

Materials and Methods 

Plasmids 

To over-express the desired proteins, we generated various lentiviral transduction 

plasmids, using the plasmid, pSMAL P. pSMAL P is a lentiviral vector that drives 

protein expression under the SFFV promoter; the plasmid also contains an eGFP-P2A-

puromycin selection markers. This plasmid is a gift from the Bernstein Lab at 

Massachusetts General Hospital. The coding sequences of GFI1/1B and SNAI1 were 

from Addgene, plasmids numbers Addgene #16168, #16169, and #16218, respectively. 

The plasmids of interest were constructed through Gibson cloning. The primers were 

created by an online tool, app.teselagen.com, where primers with homology arms for the 

pSMAL P backbone, were generated to flank the GFI1B or SNAI1 coding sequence. The 

coding sequences were PCR amplified with the primers and the backbone was digested 

with PacI (NEB) and XbaI (NEB) restriction enzymes. The DNA pieces were isolated by 

gel electrophoresis and then purified using a gel extraction kit (Zymo Research). Once 

purified, an equimolar ratio of the DNA products was added to a reaction containing 

dH2O and NEBuilder HiFi DNA Assembly (NEB). The Gibson reaction was incubated at 

50 ° C for an hour. Upon completion, a small portion of the reaction (about 1-2 µL) were 

transformed into Stbl3 bacteria cells (NEB) and plated onto ampicillin plates for 

overnight growth. Cultures were started for each plasmid construct and then purified 

using the QIAprep Spin Miniprep Kit (Qiagen). The plasmids were sequenced verified by 

Quintara Biosciences. For constructs containing a phenylalanine to alanine, cysteine, or  
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valine mutation at the 5 position (F5A, F5C, F5V), the mutation was introduced in 

the primers. A list of the plasmids is provided in the table below. 

For plasmids used in co-immunoprecipitation experiments, the GFI1/1B-FLAG 

coding sequences and FLAG-LSD1 open reading frames (ORFs) were subcloned into 

pCDNA.3 using Gibson cloning. The LSD1 ORFs were from pCMV LSD1, a gift from 

R. Shiekhattar (University of Miami Miller School of Medicine).  

Cell Culture  

SET-2 cells were a gift from M.D. Shair (Harvard University). HEK 293T cells 

were a gift from B.E. Bernstein (Massachusetts General Hospital). SET-2 cells were 

cultured in RPMI-1640 (Life Technologies), 20% FBS (Peak Serum), 100 U ml-1 

penicillin and 100 µg mL-1 streptomycin. HEK 293T cells were cultured in DMEM (Life 

Technologies), 10% FBS, and 100 U ml-1 penicillin and 100 µg mL-1 streptomycin. 

 

Lentivirus Production and Transduction 

To generate lentivirus particles, 3 µg of plasmid of interest, 2 µg Gag/Pol 

packaging plasmids, and 1 µg VSVG packaging plasmid were used. The plasmids above 

were combined with OptiMEM (Gibco) and FuGENE HD (Promega) and incubated for 

15 minutes at room temperature. HEK 293T cells, that were plated at approximately 70-

80% confluency, were then transfected with the reactions. The media was changed 7 

hours post-addition of the virus-producing solution and replaced with fresh DMEM, 10% 

FBS, and 1% Pen/Strep. Cells were incubated for another 60 hours before being 

harvested and filtered (0.45 µm) (Corning).  
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SET-2 cells (2.5 x 105 cells) were transduced with filtered virus and 12 µg mL-1 

polybrene (Santa Cruz Biotechnology) by centrifugation at 1800g for 90 minutes at 37 ° 

C. At 48 hours post-transduction, the cells were selected with 2 mg mL-1 puromycin for 5 

days. After the selection, cells were sorted by flow cytometry to enrich for the brightest 

twenty percent GFP + population. 

 

Cell Growth Assays and Statistical Analysis 

5 x 104 SET-2 cells were plated in triplicate in a 96-well plate (Corning) with drug 

or vehicle. The assay was carried out for 10 or 15 days and passaged every 5th day of the 

experiment, where an equal volume per well was taken from and placed into a new plate 

containing fresh media and drug or vehicle. CellTiter-Glo (Promega) was used to 

measure end point luminescence on a SpectraMax i3x plate reader to determine cell 

growth. Cell Viability measurements were taken at day 10 and 15 of the experiment. 

Dose-response curves were generated using GraphPad v.7 nonlinear regression fit 

([inhibitor] versus normalized response-variable slope). All growth assays were repeated 

at least once. 

 

Western Blot 

1 x 106 SET-2 cells were lysed in a mixture of RIPA buffer (Boston Bioproducts) 

and 1X Halt Protease Inhibitor (Thermo Fisher Scientific). The cell lysates cleared and 

quantified using the Pierce BCA Protein Assay kit (Thermo Fisher Scientific). After 

quantification, SDS-PAGE was performed using a 4-12% Bis-Tris gel (Invitrogen) and 
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about 30 µg of protein was loaded into each well. The gel was then transferred onto 

nitrocellulose membrane. Downstream steps for western blots were performed according 

to standard procedures. The antibodies used for western blots include: LSD1 (Bethyl 

Laboratories), GFI1B B7-X (Santa Cruz Biotechnology), monoclonal anti-FLAG M2 

(Sigma-Aldrich). The BCA protein quantification was performed by the SpectraMax i3x 

plate reader. 

 

Co-Immunoprecipitation (CoIp)  

2 × 107 SET-2 cells expressing wild-type GFI1B–FLAG or GFI1B–FLAG (F5A) 

were harvested after treatment with GSK-LSD1 (250 nM, 48 hours) or vehicle (DMSO), 

and washed twice with cold PBS then flash frozen. Cells were thawed, lysed on ice in a 

lysis buffer composed of 50 mM Tris-HCl pH 7.5, 450 mM NaCl, 1 mM MgCl2, 1% NP-

40 alternative, 5% glycerol, supplemented with 1:10,000 benzonase (Sigma-Aldrich) and 

1X Halt Protease Inhibitor. The lysates were cleared, quantified as above, then diluted to 

1 mg ml−1 in lysis buffer. Samples were immunoprecipitated overnight at 4 °C with 2.5 µg 

anti-FLAG M2 antibody and 40 µl Protein G Dynabeads (Thermo Fisher Scientific). 

Beads were washed twice with lysis buffer, eluted in SDS-PAGE loading buffer, and 

carried forward to western blotting as described above. For Co-IPs performed in HEK 

293T cells, cells were plated at 70–80% confluency and treated with 250 nM GSK-LSD1 

or vehicle. 24 h after plating, cells were co-transfected with 1 µg pcDNA.3 FLAG–

LSD1 plasmid (wild-type) and 2 µg pcDNA.3 wild-type GFI1B–FLAG using FuGENE 
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HD. 48 hours post-transfection, cells were washed with PBS then lysed with N450 buffer. 

CoIP was performed using 4 µg GFI1B antibody (Santa Cruz Biotechnology). 

 

Compounds 

GSK-LSD1 was obtained from Sigma Aldrich. AW2 was synthesized in-house in 

collaboration with Amanda L. Waterbury. Protocols in synthesizing AW2 are available in 

Vinyard et al. 2019.  
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Chapter III 

Results 

Past literature has demonstrated that the SNAG domain of SNAI1, is essential for 

LSD1 interaction (Lin et al 2010). Specifically, mutations at amino acid residues in the 

SNAG domain, such as Pro2, Arg3, Ser4, Phe5, Arg8, and Lys9 diminish interaction with 

LSD1. Because the SNAG domain is a highly conserved region between the SNAG-

containing family of transcription factors, we suspected that the phenylalanine at the 5 

position (Phe5 or F5) in GFI1/1B was also significant in its interaction with LSD1. We 

hypothesized that the abrogation of cell growth when the GSK-LSD1 inhibitor is bound 

to the catalytic pocket of LSD1 was due to steric clash between the compound and the 

phenylalanine in the GFI1B SNAG domain (Figure 1). To study this interaction between 

LSD1 and GFI1B we cloned a FLAG-tagged GFI1B wild-type (wt) and GFI1B with a 

phenylalanine to alanine (F5A), cysteine (F5C), and valine (F5V) mutation ORF into a 

lentiviral plasmid, pSMAL P, with a GFP and puromycin selection marker. We generated 

lentiviral particles of GFI1B wt and mutants and transduced SET-2 cells for 

overexpression. After selection with puromycin, we conducted a fifteen-day cell 

proliferation assay with GSK-LSD1 at varying doses to evaluate the effects of GSK-

LSD1 on cell growth. By CellTiter-Glo (Promega), cells that overexpressed the GFI1B 

F5A mutation had a growth advantage in the presence of GSK-LSD1, providing positive 

fitness and cell proliferation in comparison to cells expressing GFI1B wild-type (wt) and 

other mutations (data not shown) (Figure 2). Interestingly, a similar trend was seen in the 

paralog GFI1, whose SNAG domain and zinc finger DNA binding region share 95% 



 

18 

sequence homology but differ significantly in the intermediate region (van der Meer et al. 

2010) (Figure 3).  

We next performed co-immunoprecipitation (CoIP) experiments to determine if 

this growth advantage was due to a maintenance in interaction between LSD1 and GFI1B 

F5A with the compound, but disrupted in GFI1B wt. We took GFI1B wt and F5A 

expressing SET-2 cells, treated with GSK-LSD1 or vehicle, and pulled down FLAG-

GFI1B and any other bound proteins. We found that GFI1B wt and LSD1 interaction is 

maintained in the absence of drug but perturbed in treated cells. As expected in the case 

of GFI1B F5A, the mutant was unable to interact with LSD1 in the absence of GSK-

LSD1, thus validating that the phenylalanine is essential for maintaining the interaction. 

Satisfactorily, we were able to pull down LSD1 with FLAG-GFI1B F5A in the presence 

of GSK-LSD1, suggesting that the F5A mutation created a hole for the compound to fit 

into and allow for the rest of the SNAG domain to interact with LSD1 (Figure 4). 

As we are able to restore the interaction between GFI1B and LSD1 by introducing 

the phenylalanine mutation to alanine mutation, we questioned whether or not altering the 

GSK-LSD1 compound to re-sensitize GFI1B F5A SET-2 cells. To do this, we 

synthesized a compound where we added another phenyl group in the para position of the 

GSK-LSD1 compound (Figure 5). We evaluated cell proliferation as above and found 

that both wt and F5A GFI1B expressing cell lines were sensitive to the biphenyl 

compound (Figure 6). These data suggest that the additional phenyl group can further 

disrupt the protein-protein interaction despite the “hole” created by the alanine mutation.  

  We next began to investigate how the LSD1-GFI1B modulates cell proliferation 

– specifically, which regions of GFI1B, when tethered to LSD1, were responsible for cell 
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growth. We proceeded to design and clone a series of GFI1B F5A truncation variants 

(Table 1) into our lentiviral system for overexpression in SET-2 cells as well as the 

paralogous GFI1 dominant negative DNA binding mutants, investigated by Person et al. 

2003, N290S and K311R. After generating the appropriate cell lines, we tested cell 

proliferation with the assay above for ten days, and found that cells expressing regions 

without the DNA binding zinc fingers were unable to restore growth (Figure 7). 

Interestingly, we saw a growth rescue, although less than full length GFI1B F5A, in the 

mutant with the deleted intermediate region, which would suggest that the zinc fingers 

are the most important for cell viability and that the intermediate region has a minimal 

role. To validate these data, we looked at expression of these truncations through western 

blot (Figure 8).  

 In addition to these variants, we were interested in the functionalities of SNAI1 

with LSD1 in the presence of this GSK-LSD1. SNAI1 is known to interact with LSD1 

and together, their interaction leads to the repression of E-cadherin (Lin et al. 2010). The 

loss of E-cadherin leads to epithelial-mesenchymal transition (EMT), a hallmark of 

cancer metastasis (Kalluri & Weinburg 2009). Due to the conserved SNAG domain 

between GFI1B and SNAI1, we wanted to see if we could recapitulate a similar effect by 

GFI1B in SNAI1 expressing SET-2 cells. Furthermore, we were curious about the 

different intermediate regions between these SNAG containing transcription factors, so to 

investigate this, we swapped out the GFI1B intermediate region for the SNAI1 

intermediate region to be expressed in SET-2 cells. We followed up by conducting a 

growth assay to see if the cells were able to rescue growth (Figure 7).  
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Chapter IV. 

Discussion 

From our data, we were able to confirm that the SNAG domain is essential in 

maintaining the interaction between GFI1B and LSD1. We found that the GSK-LSD1 

inhibitor disrupts this interaction most likely due to the clash between the phenylalanine 

and the compound. By mutating the phenylalanine to an alanine, a hole is created in the 

SNAG domain for the GSK-LSD1 inhibitor to fit into and restore the interaction. In 

contrast, when the phenylalanine was mutated to a cysteine or a valine, we suspect that 

the R groups of those mutations are too bulky and clash with the inhibitor. This would 

suggest that as long as inhibitors of LSD1 are able to perturb this interaction, cell 

proliferation is abrogated. These data provide us with insight on effective inhibitors 

against LSD1, because inhibitors that are efficacious are those that can disrupt this 

interaction in the context of AML. In case there is a mutation in GFI1B, such as the one 

created for our studies for instance, then this particular GSK-LSD1 compound would be 

ineffective to stop cell growth because the interaction is maintained. By studying these 

biochemical processes, beyond drug binding and cell death, we are able to shed light on 

how a compound can be altered, for example with an additional phenyl group, to provide 

the same effect, even if one of the proteins is mutated. 

 Through our studies with GFI1B truncations, we found that the DNA binding 

regions of GFI1B, specifically the zinc fingers, are essential for growth. Although the 

mutations N290S and K311R are DNA binding mutations, only the N290S proved to be 

essential for growth while K311R does not. This observation, where the K311R mutant 

can rescue growth mutant, seems to be in line with what Person et al. found in their data 
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and because it is phenotypically weaker. This would make sense because a lysine to 

arginine mutation maintains the same charge so it is likely that GFI1B is able to maintain 

some degree of DNA binding. Furthermore, although our growth data suggests that 

GFI1B needs all six zinc finger domains, we cannot make an absolute conclusion because 

of the levels of protein expression detected in the western blot. Due to technical 

difficulties with transduction and likely other biochemical processes in cells, low levels 

of protein were detected. Some of the technical difficulties have been with transducing 

the SET-2 cell line with these constructs, as transduction efficiency is low and variable 

across the truncation constructions. Furthermore, cell lysis is inefficient as the protein 

yield from these cell lines remain low. A possibility for low detection of the protein is 

that because GFI1B is a transcription factor and it may have remained bound to the DNA 

so was in the cellular debris during cell lysis. Biochemically speaking, another 

explanation for poor detection of GFI1B could be due to protein misfolding and poor 

stability in cells when different regions are cut out.  

 In terms of SNAI1, our data is a bit inconclusive. Our data as well as literature has 

indicated that the phenylalanine is necessary for binding to LSD1 and that the presence of 

the GSK-LSD1 can maintain this interaction when the phenylalanine is mutated to an 

alanine. Our data with SNAI1 contradicts this so we suspect that there may be a few 

limitations to our studies. Because SNAI1 is responsible for EMT, this protein is more 

highly expressed in epithelial cells (Human Protein Atlas) and less so in blood cells such 

as the SET-2 cell line. We chose the SET-2 cell line based on its sensitivity to the GSK-

LSD1 compound (Vinyard et al. 2019) but this cell line may not be suitable for studying 



 

22 

SNAI1 and may explain the abnormal results. Additionally, this may also be due to an 

expression and detection issue as mentioned above. 

 In conclusion, we were able to validate that GSK-LSD1 inhibits cell proliferation 

not by inactivating the catalytic activity of LSD1 but by disrupting its interaction with 

GFI1B. We found that the phenylalanine in the SNAG domain plays a major role in this 

interaction and that GSK-LSD1 disrupts this binding when the phenylalanine is present. 

This interaction can be restored when the phenylalanine is mutated to an alanine and in 

the presence of GSK-LSD1 as seen in the rescue in growth. Our further studies suggest 

that the DNA binding regions are essential for promoting this cell growth. Furthermore, 

because EMT plays a significant role in cancer progression, it would be interesting to 

follow-up on the SNAI1 studies by overexpressing the protein in a cell line, such as a 

breast cancer cell line or any other epithelial cell line that is sensitive to GSK-LSD1 and 

able to undergo EMT.  
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Figure 1. Modeling between LSD1 and SNAG domain of GFI1B. 

 

Figure 2. Dose response curve of GFI1B wt and GFI1B F5A treated with GSK-LSD1. 
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Figure 3. Dose response curve of GFI1 and GFI1 F5A treated with GSK-LSD1. 

 

Figure 4. Coimmunoprecipitation for LSD1 with FLAG-GFI1B wt and GFI1B F5A 

immunoprecipitation. 

 

Figure 5. Structures of Compounds. 

 

Figure 6. Dose response curve of GFI1B wt or GFI1B F5A treated with AW2, GSK-
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LSD1 biphenyl derivative. 

 

Figure 7. Dose response graph for SET-2 cells expressing different GFI1B F5A or SNAI1 

truncations and mutations in the presence of GSK-LSD1. 
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Figure 8. Western blog detecting GFI1B F5A-FLAG truncated mutants and 

SNAI1proteins. 
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Table 1. Tabulated set of plasmids generated.   

Expression Vector Mutations Description 

pSMAL P-eGFP-P2A-

Puro (lentiviral) 

GFI1/1B-FLAG Wild-type full-length GFI1 or GFI1B. 

GFI1/1B F5A-FLAG Full length GFI1/1B with F5A mutation.  

GFI1/1B F5C-FLAG Full length GFI1/1B with F5C mutation.  

GFI1/1B F5V-FLAG Full length GFI1/1B with F5V mutation.  

GFI1B ∆ZF1-6 F5A-
FLAG 

GFI1B with SNAG domain F5A and 
intermediate region (IR). 1-6 Zinc Fingers 
deleted.  

GFI1B ZF3-5 F5A-
FLAG 

GFI1B with SNAG domain F5A and 
intermediate region (IR), 3-5 Zinc Fingers. 1, 
2, 6 Zinc Fingers deleted.  

GFI1B ∆ZF3-6 F5A-
FLAG 

GFI1B with SNAG domain F5A and 
intermediate region (IR), 1, 2 Zinc Fingers. 3- 
6 Zinc Fingers deleted.  

GFI1B ∆IR F5A-
FLAG 

GFI1B with SNAG domain F5A mutation and 
1-6 Zinc Fingers. Intermediate region deleted.  

GFI1B N290S F5A-
FLAG 

Full length GFI1B F5A and N290S 
mutations. 

GFI1B K311R F5A-
FLAG 

Full length GFI1B F5A and K311R 
mutations. 

SNAI1-FLAG Wild-type full length SNAI1.   

SNAI1 F5A-FLAG Full length SNAI1 F5A mutation.  

GFI1B SNAG-SNAI1 
IR-GFI1B ZF1-6-
FLAG 
(GFI1B-SNAI1 mt) 

GFI1B with SNAI1 intermediate region 
replacing GFI1B intermediate region. GFI1B 
1-6 Zinc Fingers. 

GFI1B SNAG F5A-
SNAI1 IR-GFI1B 
ZF1-6-FLAG 
(GFI1B SNAI1 mt 
(F5A)) 

GFI1B F5A mutation with SNAI1 
intermediate region replacing GFI1B 
intermediate region. GFI1B 1-6 Zinc Fingers. 

pCDNA3 GFI1B-FLAG Wild-type full length GFI1B 

 GFI1B F5A-FLAG Full length GFI1B with F5A mutation. 

 FLAG-LSD1 Wild-type full length LSD1 
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