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Hematopoiesis is a physiologic process wherein hematopoietic stem cells (HSCs) give rise to
lineage restricted progenitors that subsequently give rise to all blood cells, such as T cells, B
cells, and erythrocytes within the body. Bone marrow transplants for treatment of a variety of
hematopoietic disorders rely on sufficient numbers of HSCs per graft, but current sources of
these cells are limited. As a result of this issue, de novo production of bona fide HSCs in vitro
has long been sought after, as doing so would allow more precise study of normal and defective
hematopoiesis, thereby allowing robust blood-based disease modeling for a wide variety of
hematological disorders. An in vitro hematopoietic model would also provide a framework for
discovery of novel therapeutics as well as a system to generate patient-specific stem cells,
allowing this research to directly impact translational clinical care. This project seeks to identify
the transcription factors (TFs) and environmental conditions necessary for inducing a
hematopoietic program in mouse and eventually human fibroblasts. Thus far, we have
determined that a cocktail combination of Gata2, Gfilb, cFos and Etv6 is sufficient for efficient
34/H2BGFP activation. A better understanding of the TFs that instigate this process in humans
will allow us to transform matured human fibroblasts into HSCs, thereby providing us with an
almost inexhaustible source of stem cells with which to treat and model hematological diseases.

| declare this research is my own and that | have given credit to all sources, consultants, and
references used.

Student Signature Date



ACKNOWLEDGEMENTS

I would like to thank Dr. Lemischka, Dr. Moore, their staff, and the members of their
laboratory for being so kind as to allow me to work in the in the Lemischka/Moore Lab. | would
especially like to thank Mr. Michael Daniel for not only accommodating me, but mentoring so
thoroughly during my time in the lab. Finally, I would like to thank my mother, father, sister,

friends, peers, and my teacher, Ms. Carnahan, for their constant support and encouragement.



TABLE OF CONTENTS

LISt OF TADIES. ... e 5
TS 0 T [0 =1 OSSR SS R 5
10T L3 Tt AT o OSSR 6
Materials and MEtNOGS...........cooviiiiiiee e 7
RESUITS. ..ot b bbbttt 10
Discussions and CONCIUSIONS ........cueiieiierieiie e eeee e se e 11
RETEIBNCES ...ttt e e 13



TABLE 1

FIGURE 1

FIGURE 2

FIGURE 3

FIGURE 4

FIGURE 5

LIST OF TABLES
Transcription-Factor Mediated Reprogramming Initiatives 6

LIST OF FIGURES

18 TF Cocktail in Varied Conditions 7
GFP+ and GFP- Colony Rates Following Factor Removal 8
GFP+ Colony Rates of a Variety Cocktail Combinations 9
Prom1+GFP+ Colony Rates of a Variety Cocktail Combinations 10
Applications and Developmental Requirements of HSCs 11



INTRODUCTION

Hematopoietic Stem Cells (HSCs) are a type of blood cell which sit atop the hierarchy of
hematopoiesis, or blood production, within the body. As a result, HSCs are responsible for
giving rise to subordinate generations of blood cells which eventually give rise to T cells, B cells,
erythrocytes, etc. De novo production of bona fide HSCs has long been sought after, as doing so
would allow researchers the opportunity to observe the maturation of blood cell lines as well as
their offspring cells, thereby allowing robust blood-based disease modeling. Furthermore, access
to HSCs would permit eventual transplantation therapy for individuals suffering from

hematological disease such as sickle-cell disease, leukemia, anemia, etc.

At present, there are a number of transcription factor-mediated reprogramming initiatives
for producing HSCs, including the program discussed in this article (Daniel et al., 2015). This
research involves the use of a set of four transcription factors, Gata2, Gfilb, cFos, and Etv6, for
the purpose of establishing an in vitro hematopoietic program. In the ideal scenario, a fully
viable and legitimate HSC or multilineage blood progenitor would be capable of robust
long-term multilineage engraftment.

Table I:

Varieties of transcription-factor mediated reprogramming initiatives (Ebina and Rossi, 2015)
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MATERIALS AND METHODS

In order to establish the best transcription factors with which to test HSC-producing
cocktail viability, transcription factors known to be highly expressed in HSCs were identified.
The appropriate TFs within pMX retroviral vectors were selected by using a human CD34
reporter mouse (34/H2BGFP), obtained from transgenic mice generated by crossing huCD34-
tTA and TEtO-H2BGFP mice. TFs capable of activating a hemogenic program would activate
the human CD34 reporter, causing cells to express Green Fluorescent Protein (GFP). In doing so,

a set of 18 TFs with hematopoiesis inducing potential was identified (Pereira et al., 2013).

GFP+ and CD45+ cells were removed by cell sorting so as to prevent contamination
between the hematopoietic and GFP+ cells. After this, the MEFs were transduced with the 18
TFs and were plated on AFT024 HSC-supporting stromal cells after 4 days. After a period of 21
days, colonies organized in circular structures were observed. Over time, some of these colonies
expressed nuclear GFP, indicative of 34/H2BGFP activation. In order to determine the optimal
growth environment, the reprogramming conditions, using a number of co-culture substrates
including AFT024, methylcellulose, gelatin, and Matrigel was tested. The AFT023 co-culture
proved to be optimal as the co-culture yielded the most colonies. Furthermore, it was the only

condition that supported reporter activation.
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Fig. 1 Colonies produced by the 18 TF cocktail in varied conditions
(Pereira et al., 2013)
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In order to establish the TFs critical to HSC development, systematic removal of certain
TFs was commenced. First to be removed were the four TFs known to be expressed in dormant
and active HSCs (therefore suggesting lessened necessity). The 14 TF MEFs were co-cultured
with AFT024, with and without cytokines. The GFP+ and GFP- colonies were then quantified
for 18 days. An increase in the total GFP+ colony numbers was noted, as were GFP- colonies
which appeared without cytokines. The MEFs were then converted into macrophage-like cells so

as to confirm a lack of reporter activation.
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Fig. 2 GFP+ and GFP- colony rates following removal of individual factors
(Pereira et al., 2013)

In order to further refine the cocktail so as to include only TFs critical to HSC induction,
the impact of the removal of each TF was assessed. Upon doing so, the TF combination
responsible for hematopoiesis was made distinguishable. The removal of Etv3, HoxA9, and
Rrdleach increased the number of GFP+ colonies. The removal of Lyl1, Scl, MIIt3, and Meis1
each had no impact on the number of GFP+ colonies produced. The removal of Gata2, Gfilb or
cFos, however, dramatically decreased or abolished the GFP+ colonies. Therefore, we were able
to determine that Gata2, Gfilb, cFos and Etv6 are sufficient for efficient 34/H2BGFP activation

(Pereira et al., 2013).
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Fig. 3 GFP+ colony rates of a variety cocktail combinations. Note the efficiency
rating with the four-factor cocktail. (Pereira et al., 2013)

Additional tests with Gata2, Gfilb, cFos Etv6, Scl, Bmil and Runx1 were conducted for

the purpose of establishing a formal hematopoiesis-inducing program. Runx1 was included as it

is known to be required for endothelial-to-hematopoietic transitions (Li et al., 2006). This

cocktail rendered a GFP+ colony 14 times the size of the original (the addition of cytokines

further increased the size of the colonies produced). Two subsequent rounds of factor removal

testing again showed that Gata2, Gfilb, cFos Etvé were sufficient for 34/ H2BGFP activation. In

vivo expression patterns of the 4 TFs showed that Gata2, Gfilb and Etv6é mRNAs are enriched in

both phenotypically defined and dormant HSCs (Pereira et al., 2013). Furthermore, vector

integration tests also rendered positive results.

In order to confirm the characterization of the produced cells, the Fluidigm BioMark

system was utilized. Groups of 3, 4, 5, or 7 TFs were cultured with AFT024 for 20 and 40 days

with and without cytokines. mCherry, nontransduced MEFs, and GFP+ cells were sorted into

96-well plates and gene expression patterns were compared to BM HSPC populations from

34/H2BGFP mice. Dramatic gene expression changes (relative to MEFs) were observed at days

20 and 40.



RESULTS

Unsupervised hierarchal clustering placed day 40 GFP+ cells generated without cytokines
closest to bona fide adult HSCs. Furthermore, a decrease in the expression of fibroblast-specific
genes, such as Vim, Acta2, Fnl, and Fbn2 over the course of days 0 and 20 was observed.
Finally, high levels of Prom1 and Ly6a as well as an increase in expression of KitL, Csfr, CD43,
and 113r were also observed. So long as Gata2, Gfilb, and cFos were present within the GFP+
TF groups, global expression profiles were similar, therefore indicating that the addition factors
serve to impact efficiency, but are otherwise not integral to the cocktail (Pereira et al., 2013).

Additionally, by day 40, co-expression of hematopoietic markers, Csfr, 113r, CD43, cKit,
Mpl, CD45 and CD41, and endothelial/endothelial progenitor markers, Vwf, Nos3 and 1d1 was
also noted. Furthermore, by day 40 emergent and fetal HSCs markers, CD93/AA4.1, CD41 and
Sox17, were observed, as were hemogenic endothelium markers, Etv2 and Runx1. With the use
of specific primers, expression of endogenous Gata2 was also exhibited.

Further characterization of emerging cells was conducted by examining the expression of
Scal and Prom1. After 22 days, 50-60% of the GFP+ cells were also Scal+ while 36% were
Prom1+. 89% of Prom1+ also expressed high levels of Scal, thereby validating mRNA analysis
of the day 20 cells. The 4 TFs (Gata2, Gfilb, cFos, and Etv6) induced higher percentages of
GFP+Prom1+ cells as compared to the 5, 7, or remaining 4 TF combinations (Pereira et al.,

2013).
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Fig. 4 Prom1+GFP+ colony rates of a variety of cocktail combinations.
Note the efficiencv ratina with the four-factor cocktail. (Pereira et al.. 2013)
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In remaining tests, day 35 cells were inspected for the emergence of colonies containing
clusters of nonadherent GFP+ cells. Promisingly, clusters that express the endothelial markers
Tie2, CD31, VE-Cadherin and the pan-hematopoietic marker CD45 were observed. Because the
cells produced with Gata2, Gfilb, cFos, and Etv6 exhibited markers specific to blood cells, stems
cells, and endothelial cells, we determined that a cocktail of these four transcription factors is
sufficient for the de novo production of bona fide HSCs in vitro (Pereira et al., 2013).

DISCUSSION AND CONCLUSION

The development of technology with which to instigate the process of hematopoiesis will
be of great use as a result of the wide clinical applications of such capabilities. The development
of a transcription factor-mediated initiative, however, widens the clinical applications of such
technology even more by providing a framework of patient-specific therapy. Furthermore, in
harnessing the ability to produce de novo HSCs, we can observe normal and abnormal
hematopoietic cell development, and therefore open the doors to great advances in terms of

hematological disease treatment and therapy.
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Fig. 5 Applications and developmental requirements of HSCs (Ebina and Rossi,
2015)

The ultimate goal of this research is to replicate the results of our studies with MEFs with

human fibroblasts so as to allow for disease modeling and clinical implementation. This is the
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premise of current research. The above described protocol will serve as the primary format of
translational work with human fibroblasts; however, unfortunately, this cannot be discussed in

greater detail as a result of confidentiality restrictions.

In conclusion, this research finds that Gata2, Gfilb, and cFos are sufficient for
propagating a hematopoietic program within MEFs. Etv6 is to be used in conjunction with these
TFs as it increases production efficiency by 6%. The validity of this assessment can be tested
against the presence of endothelial, blood, and stem cell markers in colonies transduced with the
above stated transcription factors. These findings are of great value as they bring us one step

closer to an increased understanding of the means by which we may treat hematological diseases.
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