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ABSTRACT
The Role of WNT-beta-Catenin Pathway in the Specification of Primitive
and Definitive Hematopoiesis during Differentiation of Pluripotent Stem
Cells
Samhan M. Alsolami
The discovery of human pluripotent stem cells (hPSCs) has opened a new field called
regenerative medicine that offers new strategies for curing diseases and drug discovery.
It also provides the means of regenerating disease-relevant cells in vitro for disease
modeling, and the possibility of cell replacement therapy. Among the most promising
applications of hPSCs technology is the generation of blood cells that can be used for
engraftment or transfusion in the clinic. Generating engraftable hematopoietic stem
cells from hPSCs in vitro can fulfill the promise of using hPSCs to cure human diseases.
Making functional HSCs in vitro from hPSCs remains an elusive goal. There are key
pathways that are misregulated during hPSCs differentiation, which could impair the
engraftment potential of hPSCs. WNT signaling is needed in the early phase of
differentiation. However, evidence from mouse models and human development show
that WNT signaling is downregulated during the maturation of HSCs. Therefore, we
hypothesize that mimicking the dynamics of WNT signaling temporally during the
differentiation could improve the functional maturation of differentiated HPCs. To this
end, we have established an inducible gene activation system based on dCas9-VPR that
can activate endogenous loci. We performed targeted activation of negative regulators
of WNT. The system has shown promise in specific activation of WNT negative
regulators, AXIN2 and APC2, but it needs further optimization to be able to steer cell
fate and obtain functional HSCs.
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1. INTRODUCTION
1.1 Human Pluripotent Stem cells
Human pluripotent stem cells (hPSCs) can give rise to all three germ layers that generate
various somatic and germline cells (33, 34). The three germ layers are the ectoderm,
mesoderm, and endoderm. In 1981, Evans and Kaufman have reported for this first time
the establishment of the mouse pluripotent stem cells in vitro culture as isolated
directly from the mouse blastocyst (1). It took the scientific community another 17 years
to establish in vitro the human PSCs from the human blastocyst as reported by Thomson
et al. in1998 (2). The development of the pluripotent embryonic stem cells provided a
unique tool to study developmental biology, drug discovery, and cellular therapies. In
2006, Shinya Yamanaka reported for the first time the method of using a set of factors
to reprogram differentiated cells back to a pluripotent state similar to that in the
blastocyst (3). These advancements from 1981 to 2006 gave rise to a new field in
biology called regenerative medicine, which has given scientists a unique approach to
investigate and treat human disorders. The induced pluripotent stem cells (iPSCs) can be
generated from somatic cells such as skin or hair, this can be advantageous in evading
immune rejection in cell replacement therapy. Also, in recent years, the progress in the
production of hPSCs has accelerated the development of regenerative medicine (50,51).
In the regenerative medicine era, scientists can make organoids that recapitulate human
organs for drug discovery and disease modeling (35,36, 37).
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Figure 1. Human-induced pluripotent stem cells derivation from somatic cells using
Yamanaka factors (38). These cells then attain the capacity to differentiate into three
germ layers and generating all human cell types.

1.2 Hematopoietic Stem Cells (HSC)
During the atomic age and nuclear weapons, the lethal exposure to radiation is later
found to be mostly due to bone marrow failure. After further studies, it has been found
that mouse exposed to lethal radiation can be rescued by the injection of bone marrow
cells of healthy individuals (67). This observation has confirmed the existence of
hematopoietic stem cells, as a blood forming cells. The discovery has opened an era of
extensive research in hematopoiesis and their potential utility in health and disease
(69).
Given that HSC transplantation and transfusion of terminally differentiated blood cells
prove to be effective therapies for blood disorders, the ability to make these cells from
hPSCs can have broad applications both in basic and clinical research (66). Also, hPSC-
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derived blood cells would overcome a shortage in HSC donors and expand treatments to
those who suffer from blood disorders. Moreover, hPSC-derived blood cells combined
with other technologies such as CRISPR/Cas9 would enable in vitro disease modeling
and drug discovery for many devastating blood disorders.
Developed protocols to generate hematopoietic stem cells (HSC) from hPSCs are largely
guided by our understanding of in vivo hematopoietic development in model
organisms(66). Although these approaches were not yet successful in generating true
engraftable HSCs, they can generate hematopoietic progenitor cells that are otherwise
difficult to isolate from the early embryo. Ultimately, new refined approaches guided by
insights from a developmental biology perspective are needed to derive HSCs (4).
Recently, George Daley's group has shown that overexpression of seven transcription
factors (i.e. HOXA5, HOXA9, HOXA10, RUNX1, LECOR, and ERG) in hemogenic
endothelium derived from hPSCs produces HSPCs that can engraft in mice and generate
myeloid, T and B cell lineages (39). However, this work has been introduced in 2017 and
have not yet reproduced as of now.
Embryonic hematopoietic development has been well studied in many model organisms
including mouse, chicken, and frog (5). Blood development is well conserved throughout
evolution and hence a model was proposed regarding embryonic development
indicating the presence of two waves of development, primitive and definitive
hematopoiesis. These hematopoiesis waves occur in two independent sites called yolk
sac (the site of primitive hematopoiesis) and embryo proper (the site of definitive
hematopoiesis). Primitive hematopoiesis is distinguished by being KDR+CD235+ with
restricted lineage potential and absence of T cell development, and definitive
hematopoiesis is marked by KDR+CD235- and has non-restricted potential and T cell
development.
Primitive hematopoiesis initiates as a blood island in the yolk sac at embryonic day 7 (E7
). It gives rise to red blood cells that retain their nuclei and have globin profiles that are
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embryonic in nature (6,7). Definitive hematopoiesis is initiated after the initiation of
primitive hematopoiesis at E10.5 in the embryo proper, mostly within the Aorta-gonad
mesonephros (AGM ) region (8). This stage of hematopoiesis generates true HSCs that
can reconstitute the blood system.
Hemogenic endothelial cells (HECs) are the progenitors of definitive HSCs and such HECs
are marked with endothelial markers such as CD31 (9, 10). HECs are mostly found in the
AGM region of the embryo proper and further differentiation of these cells allows them
to go through endothelial to hematopoietic transition (ETH), producing CD45+
hematopoietic stem cells in vivo (11). Across the vertebrates, HSCs are derived from
endothelial precursors found in arterial hemogenic endothelium that lies in the ventral
floor of the primitive dorsal aorta (54).
In human hematopoietic development, the induction and specification of mesoderm are
regulated by nodal-activin, BMP, FGF, and WNT-β-catenin signaling pathways (12,13,14).
Recently, BMP4 was found to be required for triggering HSC specification from
hemogenic endothelium in Zebrafish (55). Also, It has been shown that primitive and
definitive hematopoiesis specification are differentially regulated by nodal-activin and
the canonical WNT-β-catenin signaling pathways. Primitive hematopoiesis is dependent
on Nodal-activin and inhibited by WNT-β-catenin while definitive hematopoiesis is
dependent on WNT-β-catenin signaling (15, 16). Early in hematopoietic differentiation,
BMP4 induces mesoderm and directs mesodermal cells toward the hematopoietic fate
through WNT3A activation and the upregulation of CDX and HOX genes. Hence, BMP
plays two distinct roles: firstly as an inducer of mesoderm earlier in the differentiation,
and secondly cooperating with WNT to activate the CDX-HOX pathway during
specification of blood cells (30).
Mesodermal specification during early hematopoietic stem cells differentiation is crucial
in determining either primitive or definitive hematopoiesis fate. In order to study the
potential pathways governing the two different waves of hematopoiesis, primitive and
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definitive, scientists have made small molecules as agonists or antagonists to target
such pathways. For instance, IWP2 is a small molecule synthesized chemically to inhibit
WNT beta catenin (63 ) and similarly CHIR99021 is made synthetically to activate WNT
(64). To fully understand how nodal/activin and WNT beta catenin influence
hematopoietic potential, small molecules were utilized. During early stages of in vitro
hPSC differentiation toward hematopoiesis, the treatment of CHIR to activate WNT beta
catenin results in the inhibition of primitive hematopoietic potential. Likewise, the
inhibition of WNT beta catenin with IWP2, a WNT antagonist, leads to depletion of
definitive hematopoietic potential, as demonstrated in figure (18). Furthermore, in hPSC
in vitro differentiation, addition of CHIR, a WNT agonist or an Activin/Nodal antagonist
such as SB-431542 will lead to the formation of definitive hematopoietic potential (16,
65,15). Taken together, definitive hematopoietic potential is a WNT dependent.
Additionally, small molecules derivation that target desired pathways as agonists or
antagonists are screened from large libraries of small molecules. Indeed, IWP2 WNT
antagonists were screened out of 200k of a small molecule library (63). The library were
screened in well characterized WNT report cell line (mouse L-cells) harboring a WNT
responsive firefly luciferase reporter plasmid. The tests aim of these small molecules is
to find a particular small molecule that when used in a specific dose provide the minimal
cytotoxicity and specifically block WNT-beta catenin pathway. According to western blot
data, it is reported that 5 μM of IWP2 is sufficient is block WNT-beta catenin in mouse Lcells (63). Therefore, using IWP2 small molecule it is possible to alter WNT beta catenin
activity and hence it will give scientists a tool to manipulate such pathway.
Most studies that have led to great insights into the early formation of blood were
performed in mouse. In particular, the embryonic origin of HSC have been mostly
studied in non-human model system such as mouse. In embryonic development,
primitive hematopoiesis appearance in yolk sac occurs in day 7.5 in mouse (70) and day
18 in human (71). Also, the definitive hematopoiesis appears both in mouse and humans
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in AGM region but in mouse take place at day 10.5 (8,72) and in human after 5 weeks
(73,74). Throughout vertebrate evolution, hematopoiesis development are generally
conserved, hence studies on mouse blood formation should generally be reflective of
human blood formation (68). However, specie specific differences such as the body size
between human and mouse, in human larger body size increases the demand on the
proliferation of the human stem cells compared to mouse (69). Therefore, the
development of humanized mouse models are needed to perform in vivo assays to
study the human hematopoiesis. In 1990, the discovery of mouse strain that has a
severe combined immune-deficiency (SCID) lacking B and T cells (77) has sparked an
interest to use such strains for in vivo assays. Indeed, few experiments were carried out
for transplantation, by either infusing the peripheral blood leukocytes into SCID mouse
(75) or the engraftment of human fetal tissues into the SCID mouse (76). These
approaches in the vivo experimental model has opened new venues for studying human
hematopoiesis.
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Figure 18. Human pluripotent stem cells in vitro differentiation fate toward primitive
and definitive hematopoiesis. This figure demonstrates how Activin/nodal and WNTbeta-catenin signaling pathways governing the hematopoietic differentiation fate.

Figure 2. Hematopoietic stem and progenitor cells can differentiate into the myeloid
lineage and lymphoid lineage generating all blood cell subtypes. This figure is derived
from online free media repository (62).

1.3 WNT pathway
Canonical WNT signaling pathway contributes to embryonic development and adult
hemostasis. The secreted WNT glycoproteins signal via transcriptional co-activator betacatenin by regulating its amount in the cytosol to direct fundamental cellular processes
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such as cell proliferation and cell fate (17). In the absence of WNT proteins, beta-catenin
is constantly degraded by a destruction complex involving AXIN (scaffold protein), APC
(tumor suppressor), CK1 (Casein kinase 1), and GSK3 (glycogen synthase kinase 3). Both
CK1 and GSK3 phosphorylate the amino-terminal of beta-catenin, leading to E3 ubiquitin
ligase subunit recognition of beta-catenin and subsequent ubiquitination and
degradation of the protein (18). This process ensures that transcriptional co-activator
beta-catenin does not get imported to the nucleus, leaving WNT target genes
suppressed by the complex of TCF/LEF with repressor Groucho. However, when a
secreted WNT ligand binds the Frizzled transmembrane receptor and its co-receptor
low-density lipoprotein receptors such as LRP5 and LRP6, WNT canonical pathway gets
activated. Canonical WNT pathway activation proceeds with the formation of WNTFrizzled-LRP6/5 complex and scaffold protein recruitment whereby LRP5/6 gets
phosphorylated and AXIN complex is deployed to the receptor, thus preventing the
constant destruction of beta-catenin. The accumulation of stable beta-catenin protein
results in its nuclear import where it forms a complex with TCF/LEF, displaces repressor
Groucho and activates WNT target genes (19,53).
AXIN and APC play a major role in regulating the canonical WNT signaling pathway. AXIN
is known as a central component in the canonical signaling of the WNT pathway and
acts as a scaffold to destroy beta-catenin ( 41,40,42). Also, AXIN has binding sites for
beta-catenin, GSK3, CKI, Dvl, APC, and LRP. The main job of AXIN is to act as a scaffold
and bring together the kinases (GSK3B and CKI) with beta-catenin to allow
phosphorylation and hence continues degradation of beta-catenin. Furthermore, the
binding of AXIN to Dvl and LRP (WNT coreceptor) results in AXIN dephosphorylation and
low affinity to beta-catenin, which allows beta-catenin to stabilize (43, 44). Moreover,
AXIN was shown to enter the nucleus and shuttle beta-catenin back to the
cytoplasm(45). AXIN has two isoforms, AXIN1 or AXIN, which is constitutively expressed;
while the other isoform, AXIN2 or conductin, is regulated by WNT signaling (20). These
two AXIN isoforms play interchangeable roles in regulating the canonical WNT pathway
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(21). Overexpression of either isoforms in vitro and in vivo leads to reduced expression
of beta-catenin and WNT target genes (46,47,48,22). Furthermore, high level of APC
expression has been shown to target AXIN for degradation as a fail-safe mechanism to
prevent beta-catenin accumulation in case of a drop in the level of APC expression
(23,24). Likewise, AXIN overexpression leads to APC degradation (25).
WNT pathway plays a very important role in the development of hematopoietic stem
cells regarding HSC specification and early maintenance of HSC. A mouse knockout study
of Wnt3a showed a decreases number of HSCs in the fetal liver and reduce the capacity
of engraftment (56). In ex vivo mouse AGM derived hemogenic endothelium, WNT
signaling inhibition has promoted the development of HSCs (61).

Figure 3. WNT canonical signaling pathway and regulatory feedback.
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1.4 CRISPR/dCas9
Clustered regularly interspaced short palindromic repeats (CRISPR) and associated Cas9
protein is a novel genome editing tool in mammalian cells (26). CRISPR originates form
the adaptive immunity pathway of bacteria. When macrophage invade bacteria, short
sequences of its genome are stored as spacers that are interspaced with repeats and
expressed as guide RNAs. These gRNAs and Cas9 protein can specifically attack foreign
genome in case of infection reoccurrence. This genome editing system has been repurposed to be used as an activator of genomic loci by fusing known trans-activators
such as VP64, P65, and Rta (VPR) to a deactivated Cas9 (dCas9) that lost the ability to
cleave DNA (27). The system works by constitutively expressing gRNAs under the U6
promoter and the doxycycline inducible dCas9-VPR, both form a ribonucleoprotein
complex that targets an intended locus to be activated (27,28). The dCas9-VPR system
was used to stimulate neuronal differentiation from iPSC using a multiplex of 30 gRNAs
targeting either NGN2 or NEUROD1 (27). Additionally, CRISPR/dCas9 has been used to
reprogram fibroblasts to iPSC by screening the best performing gRNAs targeting
pluripotency genes (31). Moreover, dCas9-VPR has been successfully used in vivo in
drosophila to induce dominant phenotype using two gRNAs targeting wingless (wg)
gene and have observed partial duplication of wing pouch (32). Therefore, dCas9-VPR
can be used in vitro and in vivo to produce physiological relevant level of target gene
expression.
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Figure 4. The CRISPR – dCas9-VPR (VP64, p65, Rta) re-purposed gene activation system.
The system consists of a deactivated Cas9 system and scaffold RNA linked to gRNA that
target a specific region of the genome.

2. Project Objectives, Rationale, and Significance
Effective protocol to differentiate human pluripotent stem cells to engraftable
hematopoietic stem cells is desperately needed. In theory, hPSCs are capable to
differentiate into all human cell types including HSC, but it is not yet possible to
generate functional HSCs from hPSCs (58). The gold standard of engraftable HSCs is cord
blood-derived HSC (CB-HSC), which when transplanted into a recipient can produce
blood for the total lifespan of that individual (49). Functionally, hPSC-derived HSPCs lack
the capacity to engraft when compared to the CB-HSCs. The CB-HSCs have a different
transcriptomic profile when compared to HSPCs (52). Given the advances in CRISPR
technology such as the re-purposed dCas9-VPR system (27), unlike small molecules, it
might be possible to target multiple loci at once to change the cell fate and produce
functional HSPCs that resemble CB-HSCs that can engraft and reconstitute the blood
system. Furthermore, early in hPSC differentiation toward hematopoiesis, WNT signal is
essential to obtain definitive hematopoiesis (15,16,65) but later in the differentiation
WNT persistent expression impair the function of HSC (56,61). It has been shown that
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the WNT pathway is misregulated in in vitro derived HSPCs. In this project, we aim to
correct the misregulation of WNT canonical signaling pathway by targeting its inner
regulatory circuits that make the destructive complex of beta-catenin. We hypothesize
that by increasing the expression level of either APC2 or AXIN2, we will be able to inhibit
WNT signaling later in the differentiation after HEC specification, and this could improve
functional maturation of hPSC-derived HPCs.
(1) Designing, cloning, virus production, and transduction of gRNAs into H1 hESCs.
(2) Test transcriptional activation of targeted genes in hPSCs.
(3) Differentiate H1 into HSPCs and temporally upregulate targeted genes.
(4) Evaluate target gene upregulation in hematopoietic differentiation.
(5) Evaluate target gene upregulation in embryoid body differentiation.

Figure 5. The continues WNT Canonical Signaling impacts on the functionality of HSC
after HSCs emergence from Hemogenic Endothelium .
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3. MATERIALS and METHODS
3.1 H1 dCas9 hPSCs Maintenance
The H1 dCas9 doxycycline inducible cell line were maintained on inactivated mouse
embryonic fibroblast (iMEF) cells in WiCell media consisting of DMEM/F12 with KO
serum (KOS) supplemented with 1x non-essential amino acid (NEAA), 0.1mmol/L of
beta-mercaptoethanol, 1 mmol/L GlutaMAX, and 10 ng/mL bFGF. These cells were
cultured in a 5% CO2 and 37C humidified incubator. The cells are passaged every 6 days
by mechanically cutting of clones and placing them on iMEF that were thawed 24 hours
in advance. During passaging, rock inhibitor (Y-27632) is used to prevent cell death.
Furthermore, for feeder-free culture, hESCs were grown on the Biolaminin 511
substrate and maintained using E8 medium. These cells are routinely checked for
contamination of bacteria or mycoplasma using standard procedures.

3.2 Hematopoietic Stem and Progenitor Cell Differentiation
H1 dCas9 hESCs were grown on iMEF until they reached confluency. In parallel, OP9-DL4
passage 24 is grown on 0.1% gelatin and maintained in alpha-MEM supplemented with
20% HyClone FBS, fed at day 0, another volume of medium is added at day 4, and cells
left to overgrow till day 8. Before mechanical picking of H1 dCas9 fragments for
differentiation, Rock inhibitor is added to ensure the viability of the cells maintained
during picking. At day 0, clones are fragmented and picked and placed on overgrown
OP9-DL4 along with differentiation medium consisting of alpha-MEM, 1x ascorbic acid,
1x MTG, and 10% HyClone FBS. On the first day post differentiation, half volume of
medium is added and then every other day half media is exchanged with fresh medium.
After day 6 of differentiation, the half medium to be discarded is briefly centrifuged to
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collect floating cells. Also, at day 6, treatment with DOX is started to activate APC2 and
AXIN to inhibit WNT beta catenin pathway.

Figure 6. In vitro HSPC differentiation by hPSCs/OP9 co-culture. The process involves the
generation of mesoderm progenitors followed by hemogenic endothelium, endothelial
to hematopoietic transition, and then HSPC maturation.
3.3 Hematopoietic stem and progenitor cell harvest and flow cytometric evaluation.
On day 14 of differentiation, HSPCs are harvested following a detailed protocol attached
in appendices along with FACS raw data. Briefly, HSPCs were enzymatically and
mechanically dissociated and collected followed by staining with an anti-mouse
antibody cocktail for depletion of mouse feeders as demonstrated in figure (19).
Following the depletion of mouse cells, human cells were labeled with anti-CD34 (PE),
anti-CD43 (APC), and anti-mCD29 (eflour450). Moreover, these cells are then analyzed
through FACS ARIA III fusion. Cells were also sorted based on cell surface markers CD34
and CD43. RNA was extracted from the sorted cells for qRT-PCR. The flow cytometry
gating strategy proceed with exclusion of dead cells as labeled with DAPI and mouse
cells as labeled with mCD29 in the same channel. Also, Human live cells are then
selected and debris are excluded. Furthermore, single cells are selected and doublets
are excluded for the analysis. Selected cells are in then analyzed in four quadrants
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represented by PE channel (CD34) and APC channel (CD43), in this gating strategy, we
can get cells that are single positive for either CD34 or CD43 and cells that are double
positive for both markers.

Figure (19) Hematopoietic stem cell analysis. This figure demonstrate how the cells are
prepared and processed for various analysis including flow cytometry and qPCR.
3.4 Cloning, viral production, and transduction
The human pluripotent stem cells H1 dCas9 line was transduced with a total of 3 gRNAs
per gene for AXIN2 and APC2. The use of three gRNA per gene is important to provide
physiologically relevant activation of targeted gene. Post-transduction, cells were
selected with puromycin and clonal lines were established thereafter. The gRNAs
sequences were derived from SAM library published by Feng Zhang (59), ordered from
IDT, and have been cloned into pLenti-guide puro plasmid. After that, the cloned
plasmid was PCR genotyped and sent for Sanger sequencing to verify the integrity of the
sequence. Under U6 promoter, cloned gRNAs are constitutively expressed. These
plasmids were extracted with the Midi-QIAGEN kit to be used for lentiviral production.
To produce lentiviruses, 293T cells were cultured to 80% confluency and transfected
with third-generation lentiviral packaging plasmids along with each gRNA expression
plasmid with P300 lipofectamine transfection reagent. The viral supernatant was
collected in two batches after 24 hours and 48 hours, filtered through 45 um strainer
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and concentrated with the PEG-IT reagent. The concentrated viruses were stored in a
serum-free medium in -80 freezer. When ready to transduce cells, viruses were thawed
and transduced into the cells along with polybrene transduction reagent. The
transduction was performed three consecutive times in three days.

Figure 7. The gRNAs synthesis strategies targeting APC2 and AXIN2 were derived from
SAM library which was designed by a developed algorithm to ensure specificity. These
gRNAs are then cloned into pLenti-guide-puro plasmid and verified using diagnostic PCR
and sanger sequencing. After that, these plasmids containing the gRNAs were used to
make lentiviruses as described in the methods.
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4. RESULTS
4.1

Generating H1 hESCs dCas9/APC2 and AXIN2 cell lines.

The H1 dCas9 cell line were transduced with APC2 and AXIN2 gRNA viruses, selected
with puromycin ( 1ug/mL) then clonal lines were generated and genotyped. As
observed in Figure 8, we can find all three gRNA bands at 360bp in colonies depicted
in the gel. Therefore we are confident that these clonal lines contain all transduced
gRNAs. Furthermore, these clonal lines were super transduced with viral aliquots
and again selected with puromycin along with two controls wild-type H1 dCas9 and
wild-type H1. Only the controls died as shown in figure (9), while APC2 and AXIN2
transduced cells did not die upon puromycin selection.

Figure (8) genotyping of APC2 and AXIN2 gRNA transduced H1 dCAS9 cells through
the use of the reverse gRNA scaffold primer and the forward primer for the intended
genotyped gRNA.
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Figure (9) Drug selection of wild-type H1 hESCs and wild-type H1 dCas9 hESCs were
treated with puromycin at 1 ug/mL for 24 hours and as seen in the images wild types
died due to the treatment.
4.1 Evaluating the APC2 and AXIN2 activation potential of dCas9-VPR at hPSCs
level.
After 48 hours of treatment with 2ug/mL doxycycline (DOX), the expression of APC2 and
AXIN2 in wild-type H1-dCas9, H1-dCAS9-APC2, and H1-dCAS9-AXIN2 was evaluated by
qPCR. As seen in figure (10), we successfully induced the overexpression of APC2 and
AXIN2 at the hPSC level. To know if dCas9-VPR gene activation is dependent on DOX
treatment, we evaluated different concentrations of DOX. Indeed, we found that DOX
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induces the expression of AXIN2 in a dose-dependent manner but it does not confer
such effects in the wild type control (Figure 11 & 12).

Figure (10) Activation of APC2 and AXIN2 using 2ug/ml doxycycline for 48 hours. The
experiment performed on wild-type H1-dCas9, H1-dCas9-APC2, and H1-dCas9-AXIN2.
n=3. P-value > 0.05 = N.S. and P-value ≤ 0.01 = **.
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Figure (11) Doxycycline treatment of H1 dCas9 AXIN2 genotype using 250 ng, 500 ng,
1000 ng, 2000 ng, and 4000 ng per milliliter. n=3. P-value ≤ 0.01 = ** and P-value ≤
0.001 = ***.
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Figure (12) Doxycycline treatment of H1 dCas9 wild type genotype using 250 ng,
500 ng, 1000 ng, 2000 ng, and 4000 ng per milliliter. n=3. P-value > 0.05 = N.S and
P-value ≤ 0.01 = **

4.3 Temporal activation of APC2 and AXIN2 during hematopoietic
differentiation
H-dCas9-APC2 and H-dCas9-AXIN2 were differentiated toward HSPCs, with DOX
addition taking place on day 6 to activate either APC2 or AXIN2 to inhibit WNT
signaling. The differentiated cells were harvested on day 9 and day 13. For day
13, cells were analyzed for the CD34 and CD43 markers by FACS, as shown in
figure (13). Among all treated groups there is no significant difference in HSPC
related markers between control and DOX treated groups for both APC2 and
AXIN2. Moreover, DOX treated differentiated H1-dCAS9-APC2 or H1-dCAS9-
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AXIN2 cells at day 9 and day 13 did not show consistent activation of either APC2
or AXIN2 (Figure 14).

Figure (13) FACS analysis at day 13 of HSPC differentiation. P-value > 0.05 = N.S.
n=3.
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Figure (14) qPCR analysis of expression of APC2 and AXIN2 in human cells at day
9 and day 13 of HSPC differentiation. n=3. P-value > 0.05 = N.S. and P-value ≤ 0.05 =
* and P-value ≤ 0.01 = **.

4.4 Impacts of doxycycline dosage on APC2 and AXIN2 gene expression
Although increased doxycycline addition can improve dCas9-VPR activation potential of
targeted genes as shown in figure (11), we wanted to make sure there is no side effects
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of increased doxycycline treatment. Indeed, we have seen effects on the expression of
APC2 in wild-type H1-dCas9 as shown in figure (10). It will be ideal to avoid these
nonspecific effects on gene expression. Therefore, I have treated wild-type H1-dCas9
cell line, and wild-type H1-iCas9 cell line (doxycycline inducible cell line that expresses
Cas9 protein) with a concentration of 1 ug, 2 ug, and 4 ug per mL doxycycline. It seems
that the addition of more than 1 ug/mL of doxycycline can have effects on APC2
expression, especially at 4 ug/mL (Figure 15). However, it seems acceptable to use 1
ug/mL as it is not significantly different from the control condition.
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Figure (15) Safe dosage of DOX at 1 ug/mL does not alter the expression of APC2
as seen previously with 2 ug/mL. P-value > 0.05 = N.S.
4.5 AXIN2 activation during embryoid body (EB) differentiation
H1-dCas9-AXIN2 cells were differentiated into EBs for 30 days before image
acquisition and qPCR analysis. The DOX treatment started 48 hours before EB
generation. EBs treated with DOX showed differences in cell morphology (Figure
16). However, qPCR analysis of AXIN2 expression showed no upregulation as
shown in figure (17).

Figure (16) H1 dCas9-AXIN2 EB was differentiated for 30 days with consistent
addition of DOX. The EB image was taken two days after the formation of EB and
differentiated EB was taken 30 days later.
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Figure (17) H1-dCas9-AXIN2 differentiated EB for AXIN2 qPCR Analysis between
untreated control and DOX treated control. P-value > 0.05 = N.S.

5. Discussion
WNT signaling pathway is important for mesodermal patterning and HSC specification.
However, WNT signaling is impaired during HSPC differentiation and if corrected this
might lead to the generation of functional HSC. Establishing a system that can target
multiple loci and activate them to direct cell fate could be a useful tool to generate
functional HSCs. In this study, we have developed an inducible gene activation system
that uses dCas9 fused to transactivator VPR to temporally inhibit WNT pathway later in
hematopoietic differentiation of hPSCs.
We have used SAM activation library to source gRNA sequences for APC2 and AXIN2 as
well as clone them in a packageable plasmid under puromycin selection as described in
the methods. After viral productions in 293T cell lines, an H1 hESC cell line containing
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inducible dCas9 was transduced and clonal lines were generated. These clones were
genotyped using diagnostic PCR as seen in figure (8) these clones contain all gRNA
sequences indicating that these cells now ready down streams assays. Without drug
selection, genotyping and establishing clonal lines, we cannot always be sure of cell line
identity. Additionally, we have tested the system's ability to activate negative regulators
of WNT pathway at hPSCs level using 2 ug/ml DOX for 48 hours. As figure (10)
demonstrates, we have succeeded in inducing APC2 and AXIN2 using doxycycline at
hPSCs level as quantified by real-time qPCR. We have noticed that APC2 confers an
upregulation response to the addition of doxycycline. Therefore, we have tested a range
of doxycycline dosages and show that 1 ug/ml DOX might be sufficient to induce gene
expression without off-target effect (11,15). Also, we wanted to know if the level of
activation of genes such as AXIN2 is dose-dependent. As seen in figure (11) the
activation of AXIN2 is DOX dosage-dependent. Nonetheless, given that doxycycline can
potentially have effects on cellular behaviors, in the future we will use the concentration
of 1 ug per milliliter.
Furthermore, H1 dCas9/APC2 and H1 dCas9/AXIN2 cell lines have been differentiated
toward hematopoietic cell fate, and RNA was extracted from total human cells at day 9
and day 13 of differentiation. Similarly, the EB of the AXIN2 genotype was generated
and differentiation for 30 days with constant doxycycline induction and RNA was
extracted to evaluate any signs of induction. Also, on day 13 of HSPC differentiation,
FACS analysis was performed and no difference was observed among treated groups as
seen in figure (13). Additionally, qPCR analysis at day 9 and day 13 did not provide
consistent activation of targeted genes, figure (14). This data was also observed in EB
differentiated cells when AXIN2 did not show any activation in figure (17). Taken these
data together, it seems that the gene activation system does not perform as anticipated
during differentiation and the system might need further optimization. Some of the
potential reasons why the system did not work during EB and HSPC differentiation as
expected are potentially of technical nature. These technical reasons could be that as
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the cells differentiate toward the hematopoietic stem cells , there could be a silencing of
dCas9 promoter and that might prevent the temporal induction of dCas9 expression.
The other potential possibility is that there might be a need for more gRNAs to activate
targeted genes. In fact, a paper published by George Church’s group used a pool of 30
gRNAs to induce neuronal lineage differentiation by targeting the NEUROD1 gene (27).
Also, scientists have shown that to reprogram fibroblasts, best performing gRNAs were
screened and used to epigenetically reprogram fibroblast to iPSCs by targeting genes
producing Yamanaka factors (60). Therefore, it might be possible that as hPSCs
differentiate toward the blood cells, chromatin in the target loci becomes more
compacted, which potentially makes it harder for a small number of gRNAs to activate
such genes such as APC2 and AXIN2 as opposed to doing so at the hPSC level. In future
work, we will ensure the continues inducibility of our established dCas9 and we will
increase the number of gRNAs targeting WNT regulators to establish higher levels of
activation in hPSCs and to ensure that the activation is maintained during differentiation
to inhibit or activate desired signaling pathways such as WNT in the context of HSPC
differentiation. Moreover, we will include a beta-catenin reporter to allow us to track
WNT signaling throughout the HSPC differentiation.

6. Conclusion
Through the discovery of hPSCs, a new field has emerged called regenerative medicine
that provided a promise to cure human diseases including blood disorders. Being able to
make engraftable hematopoietic stem cells from hPSCs in vitro is a long-sought goal that
is still to be achieved. WNT canonical signaling pathway is impaired in the in vitro
differentiated HSPCs and potentially contributing to the lack of engraftable potential of
these cells in vivo. Previous studies have relayed on small molecules to studies different
pathways such as WNT beta catenin pathway. However, in this study, dCas9 system was
created which has the potential to counteract and correct the misregulation of the WNT
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pathway during HSPC differentiation by targeting APC2 and AXIN2 negative regulators of
WNT. Also, the established dCas9 system is advantageous over the use of small
molecules such as multiplexing by targeting several loci at once. The established system
successfully activated targeted genes at the pluripotent stage but it did not perform as
expected during subsequent differentiation. Future work will focus on inspecting
potential silencing of dCas9 locus during differentiation and the increasing of gRNA
numbers to ensure the continuous upregulation of targeted genes.
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APPENDICES
1. Protocols
1.1 Detailed HSPC Harvest procedure from hPSCs/OP9 co-culture
On day 14th of differentiation, HSPC is harvested according to the following procedure.
Medium is aspirated and culture wells were washed with PBS followed by the addition
of 1 mL prewarmed 1x collagenase and incubation were set at 37 degrees for 30
minutes. Following such incubation, the medium is saved the cells are incubated in 1
mg/mL DNase/accutase solution and allowed to incubate for another 30 minutes at 37
degrees. After that, the cells are broken down using pipetting up and down and the well
behind is washed with FACS buffer. The cells are then washed three times with FACS
buffer before they are filtered through a 70 um filter. These cells are then stained with
20 ul depletion ani-mouse cocktail plus 80 uL MACS buffer on ice for 15 minutes and
then the volume is made up to 500 uL with MACS and processed with AUTOMATICS
machine to deplete out the mouse cells leaving human cells intact. Moreover, 100k cells
of the humans are labeled human 2.5 uL of anti-CD34 (PE), 2.5 anti-CD43+ (APC), and 1
uL of anti-mCD29 (eflour450), volume completed to 100 uL FACS 9 with FBS) on ice
shaking for 30 minutes, washed out with FACS/FBS, and place in FACS with FBS
containing DAPI for FACS analysis. Furthermore, if there is a desire to sort the cells,
further cells are labeled and sorted.

2. Tables
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2.1 qPCR CT values for HSPC’s APC2 and AXIN2 expression at day 9 and
day 13
Target

Sample

Cq

APC2 day 9

WT -DOX

32.813865

APC2 day 9

WT -DOX

33.209316

APC2 day 9

WT -DOX

34.0950499

APC2 day 9

WT +DOX

33.4036947

APC2 day 9

WT +DOX

33.4280338

APC2 day 9

WT +DOX

34.8450801

APC2 day 9

APC2 -DOX

32.7753125

APC2 day 9

APC2 -DOX

33.6110877

APC2 day 9

APC2 -DOX

33.6532497

APC2 day 9

APC2 +DOX

34.0586552

APC2 day 9

APC2 +DOX

35.0543896

APC2 day 9

APC2 +DOX

34.0637611

APC2 day 9

AXIN2 -DOX

33.8059364

APC2 day 9

AXIN2 -DOX

33.3998334

APC2 day 9

AXIN2 -DOX

33.4312811

APC2 day 9

AXIN2 +DOX

33.6364411

APC2 day 9

AXIN2 +DOX

34.0686777

APC2 day 9

AXIN2 +DOX

38.6820376

APC2 day 13

WT -DOX

34.1311439

APC2 day 13

WT -DOX

34.6325471

APC2 day 13

WT -DOX

35.1660218

APC2 day 13

WT +DOX

NaN

APC2 day 13

WT +DOX

NaN

APC2 day 13

WT +DOX

36.2822178
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APC2 day 13

APC2 -DOX

33.2016507

APC2 day 13

APC2 -DOX

33.5725494

APC2 day 13

APC2 -DOX

33.467946

APC2 day 13

APC2 +DOX

34.1683387

APC2 day 13

APC2 +DOX

34.0374715

APC2 day 13

APC2 +DOX

34.8249809

APC2 day 13

AXIN2 -DOX

33.2639043

APC2 day 13

AXIN2 -DOX

33.7141648

APC2 day 13

AXIN2 -DOX

33.5803438

APC2 day 13

AXIN2 +DOX

34.0003457

APC2 day 13

AXIN2 +DOX

33.0010116

APC2 day 13

AXIN2 +DOX

34.0635874

AXIN2 day9

WT -DOX

25.7235466

AXIN2 day9

WT -DOX

25.660804

AXIN2 day9

WT -DOX

25.4812573

AXIN2 day9

WT +DOX

26.8327924

AXIN2 day9

WT +DOX

26.8574044

AXIN2 day9

WT +DOX

26.809014

AXIN2 day9

APC2 -DOX

26.2085889

AXIN2 day9

APC2 -DOX

26.2955242

AXIN2 day9

APC2 -DOX

26.0409974

AXIN2 day9

APC2 +DOX

25.9895695

AXIN2 day9

APC2 +DOX

26.0124246

AXIN2 day9

APC2 +DOX

26.0759069

AXIN2 day9

AXIN2 -DOX

27.0931694

AXIN2 day9

AXIN2 -DOX

27.1483751

AXIN2 day9

AXIN2 -DOX

27.487096

AXIN2 day9

AXIN2 +DOX

26.090731
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AXIN2 day9

AXIN2 +DOX

25.9249437

AXIN2 day9

AXIN2 +DOX

26.2106557

AXIN2 day13

WT -DOX

26.2490313

AXIN2 day13

WT -DOX

26.3066521

AXIN2 day13

WT -DOX

26.1270423

AXIN2 day13

WT +DOX

29.114732

AXIN2 day13

WT +DOX

29.1122465

AXIN2 day13

WT +DOX

29.2401317

AXIN2 day13

APC2 -DOX

25.8606523

AXIN2 day13

APC2 -DOX

25.7170726

AXIN2 day13

APC2 -DOX

25.7929954

AXIN2 day13

APC2 +DOX

26.8905003

AXIN2 day13

APC2 +DOX

26.9686449

AXIN2 day13

APC2 +DOX

26.5584185

AXIN2 day13

AXIN2 -DOX

26.1223848

AXIN2 day13

AXIN2 -DOX

26.3013959

AXIN2 day13

AXIN2 -DOX

26.1824947

AXIN2 day13

AXIN2 +DOX

26.1401686

AXIN2 day13

AXIN2 +DOX

26.3332925

AXIN2 day13

AXIN2 +DOX

26.1549135

GAPDH day 9

WT -DOX

19.6030703

GAPDH day 9

WT -DOX

19.6206305

GAPDH day 9

WT -DOX

19.7565

GAPDH day 9

WT +DOX

20.9641355

GAPDH day 9

WT +DOX

20.9929091

GAPDH day 9

WT +DOX

21.1673763

GAPDH day 9

APC2 -DOX

20.5605897

GAPDH day 9

APC2 -DOX

20.6403164
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GAPDH day 9

APC2 -DOX

20.4674875

GAPDH day 9

APC2 +DOX

20.3663399

GAPDH day 9

APC2 +DOX

20.3438964

GAPDH day 9

APC2 +DOX

20.1889257

GAPDH day 9

AXIN2 -DOX

19.9868676

GAPDH day 9

AXIN2 -DOX

20.1061672

GAPDH day 9

AXIN2 -DOX

20.1260012

GAPDH day 9

AXIN2 +DOX

19.4736422

GAPDH day 9

AXIN2 +DOX

19.4709768

GAPDH day 9

AXIN2 +DOX

19.5089226

GAPDH day 13

WT -DOX

20.1527606

GAPDH day 13

WT -DOX

20.0100762

GAPDH day 13

WT -DOX

20.0897692

GAPDH day 13

WT +DOX

21.9365279

GAPDH day 13

WT +DOX

21.9899229

GAPDH day 13

WT +DOX

21.6434475

GAPDH day 13

APC2 -DOX

18.5943116

GAPDH day 13

APC2 -DOX

18.5154681

GAPDH day 13

APC2 -DOX

18.5056782

GAPDH day 13

APC2 +DOX

20.3014835

GAPDH day 13

APC2 +DOX

20.1834363

GAPDH day 13

APC2 +DOX

20.2380832

GAPDH day 13

AXIN2 -DOX

20.0018234

GAPDH day 13

AXIN2 -DOX

19.8922968

GAPDH day 13

AXIN2 -DOX

19.8901174

GAPDH day 13

AXIN2 +DOX

19.1189867

GAPDH day 13

AXIN2 +DOX

19.2105723

GAPDH day 13

AXIN2 +DOX

19.2294142
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2.2 qPCR CT values for APC2 expression in H1 hPSCs dCas9 and iCas9 cell

lines to test dox-dosage response
Target

Sample

Cq

APC2

wt-dCAS9-0ug/mL

31.0786971

APC2

wt-dCAS9-0ug/mL

30.8603546

APC2

wt-dCAS9-0ug/mL

30.465124

APC2

wt-dCAS9-1ug/mL

31.096454

APC2

wt-dCAS9-1ug/mL

30.4712031

APC2

wt-dCAS9-1ug/mL

30.5635832

APC2

wt-dCAS9-2ug/mL

29.8558418

APC2

wt-dCAS9-2ug/mL

29.925316

APC2

wt-dCAS9-2ug

30.1437938

APC2

wt-dCAS9-4ug

30.7021784

APC2

wt-dCAS9-4ug

30.7408863

APC2

wt-dCAS9-4ug

30.7176618

GAPDH

wt-dCAS9-0ug

16.4043844

GAPDH

wt-dCAS9-0ug

16.4459873

GAPDH

wt-dCAS9-0ug

16.3761475

GAPDH

wt-dCAS9-1ug

15.2376138

GAPDH

wt-dCAS9-1ug

16.1173028

GAPDH

wt-dCAS9-1ug

16.1051078

GAPDH

wt-dCAS9-2ug

15.6392681

GAPDH

wt-dCAS9-2ug

15.7624746

GAPDH

wt-dCAS9-2ug

15.6663116

GAPDH

wt-dCAS9-4ug

16.9037143

GAPDH

wt-dCAS9-4ug

16.8881939
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GAPDH

wt-dCAS9-4ug

16.9296603

APC2

iCas9_0ugDOX

30.6092316

APC2

iCas9_0ugDOX

30.1935612

APC2

iCas9_0ugDOX

30.2730482

APC2

iCas9_1ugDOX

30.8830492

APC2

iCas9_1ugDOX

30.3913848

APC2

iCas9_1ugDOX

30.759202

APC2

iCas9_2ugDOX

29.8141066

APC2

iCas9_2ugDOX

29.9233339

APC2

iCas9_2ugDOX

30.0883146

APC2

iCas9_4ugDOX

30.0434656

APC2

iCas9_4ugDOX

29.9421019

APC2

iCas9_4ugDOX

30.077181

GAPDH

iCas9_0ugDOX

17.4848563

GAPDH

iCas9_0ugDOX

17.7023773

GAPDH

iCas9_0ugDOX

17.5764493

GAPDH

iCas9_1ugDOX

17.6022379

GAPDH

iCas9_1ugDOX

17.7583915

GAPDH

iCas9_1ugDOX

17.6778762

GAPDH

iCas9_2ugDOX

17.5158749

GAPDH

iCas9_2ugDOX

17.7535542

GAPDH

iCas9_2ugDOX

17.6009183

GAPDH

iCas9_4ugDOX

17.6821353

GAPDH

iCas9_4ugDOX

17.701646

GAPDH

iCas9_4ugDOX

17.7948398

2.3 qPCR CT values for APC2 and AXIN2 expression at H1 hPSCs dCas9
level upon induction 2ug/mL DOX
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Target

Sample

Cq

APC2

H1-WT-DOX

32.4933409

APC2

H1-WT-DOX

32.7561831

APC2

H1-WT-DOX

32.4821269

APC2

H1-WT+DOX

31.7722955

APC2

H1-WT+DOX

31.4516989

APC2

H1-WT+DOX

31.8216839

APC2

H1-AXIN2-DOX

33.2257752

APC2

H1-AXIN2-DOX

32.9910695

APC2

H1-AXIN2-DOX

32.3769551

APC2

H1-AXIN2+DOX

31.5013263

APC2

H1-AXIN2+DOX

31.8481787

APC2

H1-AXIN2+DOX

31.6983787

APC2

H1-APC2-DOX

32.9562522

APC2

H1-APC2-DOX

32.5838886

APC2

H1-APC2-DOX

32.7435787

APC2

H1-APC2+DOX

31.9994102

APC2

H1-APC2+DOX

31.4864321

APC2

H1-APC2+DOX

31.4667115

AXIN2

H1-WT-DOX

26.6110522

AXIN2

H1-WT-DOX

26.7193351

AXIN2

H1-WT-DOX

26.5319926

AXIN2

H1-WT+DOX

27.1649792

AXIN2

H1-WT+DOX

27.1173966

AXIN2

H1-WT+DOX

27.239013

AXIN2

H1-AXIN2-DOX

27.0817135

AXIN2

H1-AXIN2-DOX

26.946365

AXIN2

H1-AXIN2-DOX

26.6016661
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AXIN2

H1-AXIN2+DOX

24.5822949

AXIN2

H1-AXIN2+DOX

24.6021515

AXIN2

H1-AXIN2+DOX

24.5620588

AXIN2

H1-APC2-DOX

26.8077693

AXIN2

H1-APC2-DOX

26.991858

AXIN2

H1-APC2-DOX

26.9461052

AXIN2

H1-APC2+DOX

26.7799217

AXIN2

H1-APC2+DOX

26.7558781

AXIN2

H1-APC2+DOX

26.9764223

GAPDH

H1-WT-DOX

18.2009349

GAPDH

H1-WT-DOX

18.5580857

GAPDH

H1-WT-DOX

18.3098182

GAPDH

H1-WT+DOX

18.7103889

GAPDH

H1-WT+DOX

18.5903688

GAPDH

H1-WT+DOX

18.7272449

GAPDH

H1-AXIN2-DOX

18.5694137

GAPDH

H1-AXIN2-DOX

18.5589363

GAPDH

H1-AXIN2-DOX

18.7882919

GAPDH

H1-AXIN2+DOX

18.5404562

GAPDH

H1-AXIN2+DOX

18.7335017

GAPDH

H1-AXIN2+DOX

18.587211

GAPDH

H1-APC2-DOX

18.6810513

GAPDH

H1-APC2-DOX

18.8159829

GAPDH

H1-APC2-DOX

18.7428945

GAPDH

H1-APC2+DOX

19.2224411

GAPDH

H1-APC2+DOX

19.1078297

GAPDH

H1-APC2+DOX

19.2032249
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Table (4) qPCR CT values for serial doxycycline treatment
Target

Sample

Cq

AXIN2

AXIN2-0DOX

25.9266637

AXIN2

AXIN2-0DOX

25.8353419

AXIN2

AXIN2-0DOX

25.7776672

AXIN2

WTdC-500ngDOX

25.0634583

AXIN2

WTdC-500ngDOX

25.14237

AXIN2

WTdC-500ngDOX

25.0312694

GAPDH

AXIN2-0DOX

17.7650306

GAPDH

AXIN2-0DOX

17.7817232

GAPDH

AXIN2-0DOX

17.5682588

GAPDH

WTdC-500ngDOX

17.5118872

GAPDH

WTdC-500ngDOX

17.3863087

GAPDH

WTdC-500ngDOX

17.5377335

AXIN2

AXIN2-250ngDOX

25.3652232

AXIN2

AXIN2-250ngDOX

25.2756025

AXIN2

AXIN2-250ngDOX

25.2699414

AXIN2

WTdC-1000ngDOX

25.3933862

AXIN2

WTdC-1000ngDOX

25.2715494

AXIN2

WTdC-1000ngDOX

25.3061377

GAPDH

AXIN2-250ngDOX

17.9956523

GAPDH

AXIN2-250ngDOX

18.1987267

GAPDH

AXIN2-250ngDOX

18.0173293

GAPDH

WTdC-1000ngDOX

17.9464223

GAPDH

WTdC-1000ngDOX

18.0257157

GAPDH

WTdC-1000ngDOX

18.0846342

AXIN2

AXIN2-500ngDOX

24.8651155

AXIN2

AXIN2-500ngDOX

24.9544282
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AXIN2

AXIN2-500ngDOX

24.9437013

AXIN2

WTdC-2000ngDOX

25.41876

AXIN2

WTdC-2000ngDOX

25.2842274

AXIN2

WTdC-2000ngDOX

25.5853117

GAPDH

AXIN2-500ngDOX

17.7088405

GAPDH

AXIN2-500ngDOX

17.6794083

GAPDH

AXIN2-500ngDOX

17.669771

GAPDH

WTdC-2000ngDOX

18.0098821

GAPDH

WTdC-2000ngDOX

17.9692298

GAPDH

WTdC-2000ngDOX

18.0298119

AXIN2

AXIN2-1000ngDOX

24.2543986

AXIN2

AXIN2-1000ngDOX

24.2378786

AXIN2

AXIN2-1000ngDOX

24.264331

AXIN2

WTdC-4000ngDOX

25.4172608

AXIN2

WTdC-4000ngDOX

25.4317179

AXIN2

WTdC-4000ngDOX

25.3630963

GAPDH

AXIN2-1000ngDOX

17.288012

GAPDH

AXIN2-1000ngDOX

17.2899425

GAPDH

AXIN2-1000ngDOX

17.202397

GAPDH

WTdC-4000ngDOX

17.9006842

GAPDH

WTdC-4000ngDOX

17.9860963

GAPDH

WTdC-4000ngDOX

18.1229178

AXIN2

AXIN2-2000ngDOX

24.2857058

AXIN2

AXIN2-2000ngDOX

24.2114684

AXIN2

AXIN2-2000ngDOX

24.2334619

GAPDH

AXIN2-2000ngDOX

17.3975892

GAPDH

AXIN2-2000ngDOX

17.343452

GAPDH

AXIN2-2000ngDOX

17.3464759
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AXIN2

AXIN2-4000ngDOX

24.2167983

AXIN2

AXIN2-4000ngDOX

24.0619872

AXIN2

AXIN2-4000ngDOX

24.148875

GAPDH

AXIN2-4000ngDOX

17.6524556

GAPDH

AXIN2-4000ngDOX

17.6087886

GAPDH

AXIN2-4000ngDOX

17.7025753

AXIN2

WTdC-0ngDOX

25.0812304

AXIN2

WTdC-0ngDOX

25.2379634

AXIN2

WTdC-0ngDOX

25.1089388

GAPDH

WTdC-0ngDOX

17.842663

GAPDH

WTdC-0ngDOX

17.7519678

GAPDH

WTdC-0ngDOX

17.9532825

AXIN2

WTdC-250ngDOX

25.1329619

AXIN2

WTdC-250ngDOX

25.2374183

AXIN2

WTdC-250ngDOX

25.0443

GAPDH

WTdC-250ngDOX

17.4876022

GAPDH

WTdC-250ngDOX

17.6625054

GAPDH

WTdC-250ngDOX

17.4546599
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3. FACS Data

3.1 FACS data for unstained control with gating parameters
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3.2 FACS data for the triplicates H1 dCas9 wild type control with gating parameters
with and without DOX treatment
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3.3 FACS data for the triplicates H1 dCas9 APC2 genotype with gating parameters with
and without DOX treatment
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3.3 FACS data for the triplicates H1 dCas9 AXIN2 genotype with gating parameters
with and without DOX treatment
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