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COMPOSITIONS AND METHODS FOR PRODUCING MEGAKARYOCYTES
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incorporated herein by reference.

FIELD
This disclosure relates to methods for production of megakaryocytic progenitors
and megakaryocytes, compositions of megakaryocytic progenitors and megakaryocytes

and uses thereof.

BACKGROUND

Platelets are blood cells responsible for clot formation and blood vessel repair at
sites of active bleeding. Physiologically, platelets are produced in the bone marrow by
parent cells called megakaryocytes (MKs), which comprise <0.1% of cells in the bone
marrow. Mature MK sit outside sinusoidal blood vessels in the bone marrow and extend
long structures called proplatelets into the circulation. Proplatelets function as the assembly
lines for platelet production, and sequentially release platelets from their ends.

MK are produced through a multiple step differentiation process from
hematopoietic stem cells in the bone marrow. Exposure to various cytokines, chemokines,
and growth factors, including thrombopoietin, results in the differentiation of
hematopoietic stem cells to multipotent progenitor cells then to a committed
megakaryocytic progenitor cells, also known as pre-MKs. Upon further differentiation,
including enlargement of the cells, increased DNA content, endomitosis, and granule
formation, mature MKs are produced. MKs convert their cell mass into proplatelet

extensions to produce/release anucleate platelets.
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Low platelet counts are a significant consequence of various diseases and
therapeutics, including cancer treatment, transplantation, and surgery, for which platelets
are a critical first-line therapy to prevent mortality due to uncontrolled bleeding. Platelet
units (3x10"11 platelets per 200-400 mL) are derived exclusively from human volunteer
donors and must be stored at room temperature to avoid irreversible activation. However,
at this temperature there is a risk for bacterial growth, limiting the shelf life of a platelet
unit to 5 days, 2 of which are consumed by pathogen screening and 1 by transport.
Consequently, blood centers typically do not have more than 1.5 days of platelet inventory
available for transfusion, which is rapidly depleted during emergencies. Donor shortages
of platelets can occur, especially at critical times. Mounting demand in civilian use alone
exceeds supply by ~20%, and stockpiles are rapidly depleted in emergencies. Furthermore,
wide functional variability among units and donors leads to over-transfusion to ensure
effective bleeding control. Accordingly, megakaryocytes, which provide a source of

platelets, and new, improved methods of generating megakaryocytes are urgently required.

SUMMARY

The present disclosure provides methods for producing megakaryocytic progenitors
(preMKs) and megakaryocytes (MKs) from stem cells. The present disclosure further
provides compositions comprising preMKs and MKs and their lysates, and also methods
of use of preMKs, MKs, their lysates and compositions thereof.

In some embodiments, the present disclosure provides a method for megakaryocyte
production comprising: expanding pluripotent stem cells under low adherent or non-
adherent conditions and under agitation wherein expanded pluripotent stem cells form self-
aggregating spheroids; differentiating the pluripotent cells in a first culture medium into
hemogenic endothelial cells; differentiating the hemogenic endothelial cells in a second
culture medium into megakaryocytic progenitors. The differentiating of the pluripotent
cells into hemogenic endothelial cells can be carried out under adherent conditions on a
matrix. In some embodiments, the differentiating of the pluripotent cells into hemogenic
endothelial cells is carried out under low-adherent or non-adherent conditions to enable the
hemogenic endothelial cells to self-aggregate.

In some embodiments, the present disclosure provides a method for megakaryocyte
production comprising: differentiating pluripotent cells in a first culture medium into

hemogenic endothelial cells; and differentiating the hemogenic endothelial cells in a second
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culture medium into megakaryocytic progenitors, wherein at least one of the differentiating
the pluripotent cells and the differentiating the hemogenic endothelial cells is carried out
on a matrix coated 3-dimensional structure. The 3-dimensional structure can be a
microcarrier or a microcarrier.

In some embodiments, the present disclosure provides a method for megakaryocyte
production comprising: differentiating pluripotent cells in a first culture medium into
hemogenic endothelial cells; and differentiating the hemogenic endothelial cells in a second
culture medium into megakaryocytic progenitors, wherein at least one of the differentiating
the pluripotent cells and the differentiating the hemogenic endothelial cells is carried out
under low-adherent or non-adherent conditions to enable the cells to self-aggregate.

In some embodiments, the first culture medium comprises one or more of Bone
morphogenic protein 4 (BMP4), Basic fibroblast growth factor (bFGF), and Vascular
endothelial growth factor (VEGF). The first culture medium may further include a WNT
modulator. In some embodiments, the second culture medium comprises one or more of
Stem cell factor (SCF), Thrombopoietin (TPO), Fms-related tyrosine kinase 3 ligand (F1t3-
L), Interleukin-3 (IL-3), Interleukin-6 (IL-6) and Heparin.

In some embodiments, the pluripotent stem cells are human induced pluripotent
stem cells.

In some embodiments, the instant methods may further include a step of expanding
the pluripotent stem cells on the matrix coated 3-dimensional structure.

In some embodiments, the instant methods may further include a step of
differentiating the megakaryocytic progenitors in a third culture medium into
megakaryocytes. The third medium can comprise one or more of Stem Cell Factor (SCF),
Thrombopoietin (TPO), Interleukin-6 (IL-6), Interleukin-9 (IL-9) and Heparin.

In some embodiments, the present disclosure provides compositions of
megakaryocytic progenitors or lysates of megakaryocytic progenitors produced by the
methods of the present disclosure.

In some embodiments, the present disclosure provides megakaryocytes or lysates
of megakaryocytes produced the methods of the present disclosure. In some embodiments,
such megakaryocytes are CD42b", CD617, and DNA™.

Other features and advantages of the present disclosure will be apparent from the

following description, and from the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will be described in the detailed description which follows,
in reference to the noted plurality of drawings by way of non-limiting examples of
exemplary embodiments, in which like reference numerals represent similar parts
throughout the several views of the drawings, and wherein:

FIG. 1 shows an overall schematic for scalable differentiation of megakaryocytic
progenitors (preMKs), megakaryocytes (MK), and platelets (PLT) from a iPSC line.

FIG. 2 depicts exemplary directed differentiation protocol of a pluripotent stem cell
into a megakaryocyte in a 2D, matrix-dependent system such as a cell culture plate or flask.

FIG. 3A and FIG. 3B depict the pluripotency of 3 exemplary clinical grade hiPSC
lines (here referred to as PBG1, PBG2, PBG3). FIG. 3A depicts low magnification phase
contrast images of PBG1, PBG2, and PBG3 iPSCs forming characteristic growth areas
when cultured on Vitronectin matrix with Essential 8 media. FIG. 3B depicts higher
magnification images of PBGI1, PBG2, and PBG3 iPSCs immunostained for the
pluripotency factors Oct4 and Nanog, and counterstained with a nuclear dye.

FIG. 4A, FIG. 4B, FIG. 4C, and FIG. 4D depict cultures of PBG1, PBG2, and PBG3
1PSCs progressing through phases of directed differentiation from pluripotent stem cells to
mature megakaryocytes. FIG. 4A depicts a general timeline schematic of the directed
differentiation process. FIG. 4B shows actual images of PBG1 cultures during Phase 0 (day
0), Phase I (day 2 and day 5), Phase II (day 6+7), and Phase III (day +2 and +4). FIG. 4C
shows actual images of PBG2 cultures during Phase O (day 0), Phase I (day 2 and day 5),
Phase II (day 6+7), and Phase III (day +2 and +4). FIG. 4D shows actual images of PBG3
cultures during Phase 0 (day 0), Phase I (day 2 and day 5), Phase II (day 6+7), and Phase
II (day +2 and +4).

FIG. 5 is a graph depicting the average CD3 1+ differentiation efficiency at the end
of Phase I for directed differentiation of PBG1, PBG2, and PBG3 iPSC lines.

FIG. 6A, FIG. 6B, and FIG. 6C show the purity and yields of megakaryocytic
progenitors (CD43+CD41+) generated during Phase II of directed differentiation of PBGI,
PBG2, and PBG3 iPSC lines. FIG. 6A depicts representative CD41/CD43 flow cytometry
data for suspension cells harvested from Phase II cultures at Day 6+6 (from left to right:
PBG1 PBG2, PBG3). FIG. 6B is a graph showing daily output measurements of
CD41+CD43+ (megakaryocytic progenitor) cells released into suspension during
representative Phase II differentiation cultures of PBG1, PBG2, and PBG3 iPSC lines.
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Production of CD41°CD43" megakaryocytic progenitors in PBGl and PBG2
differentiation cultures were measured out to Day 6+17, while production of CD41°CD43"
cells in PBG3 differentiation cultures stopped at Day 6+8. FIG. 6C depicts the cumulative
yield of CD41+CD43+ cells during Phase II differentiation cultures of grade hiPSC lines,
shown as number of CD41+CD43+ cells/Well.

FIG. 7A, FIG. 7B, and FIG. 7C depict Phase III, the final phase of the directed
differentiation protocol, that ultimately generates mature megakaryocytes. FIG. 7A depicts
the maturation state of PBG1, PBG2, and PBG3 derived cells over time in Phase III
cultures, as measured by the proportion of CD41+ megakaryocytic lineage cells that also
express the mature megakaryocyte marker CD42b. FIGS. 6B and 6C depict light
microscopy images of hiPSC-derived megakaryocytes at day 4 of Phase III that were
differentiated from PBG1 and PBG2, respectively. Examples of proplatelet extensions are
indicated with arrows.

FIG. 8A, FIG. 8B, FIG. 8C, FIG. 8D, and FIG. 8E depict characterization of mature
megakaryocytes derived by differentiation of PBG1, PBG2, and PBG3 hiPSCs. FIG. 8A
depicts Phase III cells derived from PBG1 that were immunostained for B1-tubulin, and
nuclei were visualized by nucleic acid staining (top panel). Megakaryocytes derived from
PBGI were also analyzed by electron microscopy (bottom panel). FIG. 8B depict Phase
IITI cells derived by differentiation of PBG2 hiPSCs. Megakaryocytes derived from PBG2
were immunostained for B1-tubulin, and nuclei were visualized by nucleic acid staining
(top panel). Megakaryocytes derived from PBG2 were also analyzed by electron
microscopy (bottom panel). FIG. 8C depict Phase III cells derived by differentiation of
PBG3 hiPSCs. Megakaryocytes derived from PBG3 were immunostained for f1-tubulin,
and nuclei were visualized by nucleic acid staining (top panel). Megakaryocytes derived
from PBG3 were not analyzed by electron microscopy (bottom panel). FIG. 8D depicts the
proportion of Phase III cells derived from PBG1, PBG2, and PBG3 iPSCs that stained
positive for intracellular Von Willebrand Factor. FIG. 8E depicts the proportion of Phase
IIT cell derived from PBGI, PBG2, and PBG3 iPSC lines that stained positive for
intracellular Platelet Factor 4.

FIG. 9A, FIG. 9B, and FIG. 9C depict expansion of pluripotent PBG1 cells on
recombinant vitronectin using various growth medias. FIG. 9A shows PBGI1 growth in
Essential 8 media. FIG. 9B shows PBG1 growth in StemFlex media. FIG. 9C shows PBG1
growth in Nutristem XF media.
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FIG. 10A, FIG. 10B, and FIG. 10C depict flow cytometry data assessing expression
of the pluripotency markers Tra-1-60, SSEAS, and the differentiation marker SSEA1 on
PBGI1 cells expanded on recombinant vitronectin using various growth medias. FIG. 10A
shows pluripotency marker data from PBGTI cells expanded in Essential 8 media. FIG. 10B
shows pluripotency marker data from PBGI cells expanded in StemFlex media. FIG. 10C
shows pluripotency marker data from PBGI1 cells expanded in Nutristem XF media.

FIG. 11A, FIG. 11B and FIG. 11C depict the expansion of PBG1 iPSCs in self-
aggregating spheroid cultures in a 3D stir tank (matrix free). FIG. 11 A shows microscope
images of PBG1 spheroids over time in culture. FIG. 11B depicts the increase in cell density
in PBGI spheroid cultures over time. FIG. 11C depicts the average PBG1 spheroid size
over time in 3D culture.

FIG. 12A and FIG. 12B depict flow cytometry data assessing expression of the
pluripotency markers Tra-1-60, SSEAS, and the differentiation marker SSEA1 on PBG1
cells expanded in self-aggregating spheroid cultures in a 3D stir tank (matrix free). FIG.
12A shows pluripotency marker data for PBGI1 cells after a single 7-day expansion in a 3D
stir tank. FIG. 12B shows pluripotency data for PBG1 cells after 4 consecutive 6-7 days
expansions in a 3D stir tank.

FIG. 13A and FIG. 13B depict PBG1 iPSCs immunostained for the pluripotency
factors Oct 4 and Nanog, and counterstained with a nuclear dye. FIG. 13 A depicts a portion
of a 2D colony of PBG-1 iPSCs grown on vitronectin. FIG. 13B depicts a spheroid of PBG-
1 1PSCs grown in 3D stirred conditions (matrix free).

FIG. 14 depicts karyotype analysis of a metaphase chromosome spread from PBG1
iPSCs grown for 4 consecutive 6-7 days expansions in a 3D stir tank, demonstrating normal
karyotype after 4 rounds of 3D passaging.

FIG. 15 depicts the morphological changes that occur over 6 days of Phase I
differentiation of PBG1 iPSC to hemogenic endothelium on Collagen IV matrix in a 2D
culture vessel.

FIG. 16A and FIG. 16B depict representative Phase I differentiation data for PBG1-
derived cells. FIG. 16A depicts representative flow cytometric analysis of PBG1-derived
cells at day 6 of differentiation. Hemogenic endothelial cells are identified via cell surface
expression of CD31 and CD34. FIG. 16B depicts the average and range of Phase I (day 6)

differentiation efficiencies over 41 independent PBG1 directed differentiations.
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FIG. 17A, FIG. 17B and FIG. 17C depict representative Phase II data from PBG1
differentiation cultures. FIG. 17A shows a Phase II culture at day 6+6, with the hemogenic
endothelial (HE) monolayer in the background, and megakaryocytic progenitors (preMKs)
being released from the monolayer into suspension. FIG. 17B shows flow cytometric
analysis of Phase II suspension cells, identifying the CD43+ hematopoietic progenitor cells.
FIG. 17C shows flow cytometric analysis of the CD43+ hematopoietic cells, identifying
the CD43+CD41+CD14- megakaryocytic progenitors (preMKs). Contaminating
CD43+CD14+ myeloid progenitors are also identified in this analysis.

FIG. 18A and FIG. 18B depict average composition characteristics of Phase II
suspension cells. FIG. 18A depicts the average daily purity (i.e. % CD41+CD43+CD14-
of viable suspension cells) of released preMKs over 10 days of Phase II. FIG. 18B depicts
the median, quartiles, and ranges of the contaminating myeloid progenitors (i.e. %
CD43+CD14+ of viable suspension cells) over 10 days of Phase II. All cultures were
initiated with PBG1 cells on Collagen IV matrix in a 2D vessel. Data represents 41
independent differentiations.

FIG. 19A and FIG. 19B depict yields of released preMKs. FIG. 19A depicts the
average daily yields of released preMKs (i.e. viable CD41+CD43+CD14-) per 6-well
equivalent (i.e. 2ml of media, 9.5 cm? surface area) during Phase II directed differentiation
cultures initated with PBG1 iPSCs. FIG. 19B depicts the cumulative yields of released
preMKs (i.e. viable CD41+CD43+CD14-) per 6-well equivalent (i.e. 2ml of media, 9.5 cm?
surface area) between day 6+4 and 6+8 of Phase Il directed differentiation cultures initiated
with PBG1 iPSCs. Each dot represents an independent PBG1 directed differentiation
culture on Collagen IV matrix in a 2D culture vessel.

FIG. 20A, FIG. 20B, FIG. 20C, and FIG. 20D depict MK differentiation and
proplatelet production in Phase III. FIG. 20A depicts PBGIl-derived megakaryocytic
progenitors at Day 1 of Phase III (top panel: high magnification; bottom panel: low
magnification). FIG. 20B depicts maturing megakaryocytes at Day 2 of Phase III (top
panel: high magnification; bottom panel: low magnification). FIG. 20C depicts mature
megakaryocytes at Day 4 of Phase III (top panel: high magnification; bottom panel: low
magnification). FIG. 20D illustrates spontaneous proplatelet formation from mature PBG1-
derived MK after 4 days of Phase III culture.

FIG. 21A, FIG. 21B, and FIG. 21C depict representative flow cytometric analysis
from Day 3 Phase III cultures initiated from PBG1 iPSCs. FIG. 21A identifies the CD61+



10

15

20

25

30

CA 03087344 2020-06-29

WO 2019/136318 PCT/US2019/012437

(megakaryocytic) fraction of Phase III cells. FIG. 21B shows flow cytometric analysis of
the CD61+ megakaryocytic cells, identifying the CD42a+CD42b+ mature MKs. Apoptotic
CD42a+CD42b- cells can also be identified in this analysis. FIG. 21C depicts the subset
breakdown of a representative Phase III culture. Non-MKs are CD61-, immature MKs are
CD61+CD42a-CD42b-, apoptotic MKs are CD61+CD42a+CD42b-, and mature MKs are
CD61+CD42a+CD42b+.

FIG. 22A and FIG. 22B shows use of Laminin 521 and Collagen IV in Phase I of
directed differentiation of PBG1 cells. FIG. 22A shows the progression of Phase I
differentiation on 4.2 ug/cm? of human collagen IV. FIG. 22B shows the progression of
Phase I differentiation on 0.13 ug/cm? of recombinant human laminin 521.

FIG. 23A, FIG. 23B, and FIG. 23C depict use of recombinant Laminin 521 to
support production and release of megakaryocytic progenitors in Phase II of directed
differentiation of PBGI1 cells. FIG. 23 A depicts representative flow cytometric data from
Phase Il of PBG1 differentiation cultures utilizing a supportive matrix of 4.2 ug/cm? human
Collagen IV. FIG. 23B depicts representative flow cytometric data from Phase II of PBG1
differentiation cultures utilizing a supportive matrix of 0.13 ug/cm? recombinant human
Laminin 521. FIG. 23C depicts the cumulative yields of released preMKs (i.e. viable
CD41+CD43+CD14-) per 6-well equivalent (i.e. 2ml of media, 9.5 cm? surface area)
between day 6+4 and 6+8 of Phase II directed differentiation cultures initiated with PBGI
iPSCs, utilizing a supportive matrix of 4.2 ug/cm® human Collagen IV or 0.13 ug/cm?
recombinant human Laminin 521.

FIG. 24A and FIG. 24B show production of proplatelets from MKs differentiated
from preMKs generated from Laminin 521 cultures. Phase III (Day 6+6+3) cultures
initiated with preMKs from Collagen IV cultures are shown in FIG. 24A, and Phase 111
(Day 6+6+3) cultures initiated with preMKs from Laminin 521 cultures are shown in FIG.
24B. Red arrows indicate examples of proplatelets.

FIG. 25A and FIG. 25B show flow cytometric subset breakdowns of Phase III (Day
6+6+3) cultures. FIG. 25A shows a flow cytometric subset breakdown of Phase III (Day
6+6+3) cultures initiated with preMKs from Collagen IV cultures. FIG. 25B shows a flow
cytometric subset breakdown of Phase III (Day 6+6+3) cultures initiated with preMKs from
recombinant Laminin 521 cultures. Non-MKs are CD61- Immature MKs are
CD61+CD42a-CD42b-, Apoptotic MKs are CD61+CD42a+CD42b-, and Mature MKs are
CD61+CD42a+CD42b+.
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FIG. 26A, FIG. 26B, and FIG. 26C depict immunofluorescence microscopy images
of Day 6 Phase I cultures on Laminin 521. FIG. 26A depicts a control culture without WNT
agonist. FIG. 26B depicts a culture where 0.6uM of the WNT agonist CHIR98014 was
added to the differentiation culture for the first 48 hours of Phase I. FIG. 26C depicts a
culture where 6uM of the WNT agonist CHIR99021 was added to the differentiation culture
for the first 48 hours of Phase L.

FIG. 27A and FIG. 27B depict immunofluorescence microscopy images of Day 6+4
Phase II cultures on Laminin 521. FIG. 27A depicts a control culture without WNT agonist.
FIG. 27B depicts a culture where 0.6uM of the WNT agonist CHIR98014 was added to the
first 48 hours of Phase 1.

FIG. 28 is a schematic that depicts exemplary directed differentiation protocol of
PBGI into megakaryocytic progenitors using a packed bed bioreactor strategy, a 3D, matrix
dependent method. In the embodiment described here, Laminin 521 coated Raschig rings
made of PTFE are used as macrocarriers to compose the packed bed.

FIG. 29 depicts Phase I differentiation of PBG-1 iPSCs on Laminin521 coated
Rachig rings at day 3 and day 6.

FIG. 30 depicts Phase II differentiation of PBG-1 iPSCs on Laminin521 coated
Rachig rings at day 6+0 and day 6+4.

FIG. 31A, FIG. 31B, and FIG. 31C depict flow cytometric data from phases of
PBGI1 differentiation proceeding efficiently on Rachig ring substrate. FIG. 31A depicts
Phase I at day 6, with flow cytometric staining for the hemogenic endothelial markers CD31
and CD34. FIG. 31B depicts Phase II at day 6+2, with flow cytometric staining for the
megakaryocytic progenitor markers CD43 and CD41. FIG. 31C depicts Phase III at Day
6+3+3, with flow cytometric staining for CD61 and CD42b.

FIG. 32 is a schematic of an exemplary 3D, matrix independent method of directed
differentiation using self-aggregating iPSC-derived spheroids in a stir tank.

FIG. 33A and FIG. 33B depict Phase 0 and Phase I differentiation initiated with
self-aggregating spheroids of PBG1 iPSCs. FIG. 33A depicts a series of micrographs,
starting with single cell dissociated PBG1 cells at day -1, self-aggregated PBG1 iPSC
spheroids at day O, partially differentiated spheroids at day 3, and fully differentiated
spheroids containing hemogenic endothelial cells at day 6. FIG. 33B depicts day 6 flow
cytometric data showing successful CD31+CD34+ hemogenic endothelial differentiation

using this approach.
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FIG. 34A, FIG. 34B, FIG. 34C, and FIG. 34D describe Phase II in a directed
differentiation initiated with self-aggregating spheroids of PBG1 iPSCs. FIG. 34A depicts
self-aggregated PBGl-derived spheroids at day 6+4 during Phase II of directed
differentiation, with preMKs released from the spheroids into suspension. FIG. 34B depicts
flow cytometric analysis of the harvested suspension cells, staining for the preMK markers
CD41 and CD43. FIG. 34C depicts the preMK purity over time in Phase II, in 2 different
3D systems, an ultra-low adherent vessel on an orbital shaker, and a spinner flask. FIG.
34D depicts the preMK yields over time in Phase Il in 2 different 3D systems, an ultra-low
adherent vessel on an orbital shaker, and a spinner flask.

FIG. 35A, FIG. 35B, and FIG. 35C depict Phase III MK differentiation from 3D,
matrix-independent cultures initiated from self-aggregating spheroids of PBG1 iPSCs. FIG.
35A depicts representative flow cytometric analysis from Day 3 Phase III cultures,
identifying the CDO61+ (megakaryocytic) fraction of Phase III cells, followed by
identification of the CD42a+CD42b+ mature MKs. Apoptotic CD42a+CD42b- cells can
also be identified in this analysis. FIG. 35B depicts the subset breakdown of a
representative Phase III culture. Non-MKs are CD61-, immature MKs are CD61+CD42a-
CD42b-, apoptotic MKs are CD61+CD42a+CD42b-, and mature MKs are
CD61+CD42a+CD42b+. FIG. 35C shows how the mature MK fraction within Phase II1
cultures at day 3 compares between 2D (matrix-dependent) and 3D (matrix-independent)
approaches.

FIG. 36 depicts proplatelet extensions of mature MK harvested from 3D self-
aggregating spheroid differentiation cultures. Examples of proplatelet extensions are
indicated with arrows.

FIG. 37 depicts PBGIl-derived megakaryocytes immunostained for the
megakaryocyte-specific protein f1-tubulin. Simultaneously, nuclei were visualized by
nucleic acid staining.

FIG. 38A, FIG. 38B, FIG. 38C, FIG. 38D, FIG. 38E and FIG. 38F depict PBG1-
derived megakaryocytes immunostained for the a-granule specific proteins Platelet Factor
4 (PF4), Von Willebrand Factor (VWF), as well as for the megakaryocyte-specific cell
surface marker CD61, and nuclei.

FIG. 39A, FIG. 39B, FIG. 39C, FIG. 39D FIG. 39E, and FIG. 39F depict PBGI-

derived megakaryocytes immunostained for the Dense Granule specific proteins LAMP1
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and serotonin, as well as for the megakaryocyte-specific cell surface marker CD61, and
nuclei.

FIG. 40A, FIG. 40B, FIG. 40C and FIG. 40D are electron microscopy images
showing a PBG1-derived megakaryocyte. FIG. 40A is an electron microscopy image
showing a PBGl-derived megakaryocyte producing microparticles (see arrows for
examples). FIG. 40B is an electron microscopy image showing a PBGI-derived
megakaryocyte and multivesicular bodies (arrows; magnified in inset). FIG. 40C is an
electron microscopy image showing a PBGl-derived megakaryocyte, characterized by
multi-lobed nuclei, glycogen granules, alpha-granules, and an invaginated membrane
system. FIG. 40D is an electron microscopy image showing the endoplasmic reticulum
and mitochondria of a PBG1-derived megakaryocyte.

FIG. 41A, FIG. 41B, and FIG. 41C illustrate characteristic gene expression changes
that occur through the course of PBG1 directed differentiation to megakaryocytes. For all
expression analyses, the expression in the pluripotent PBG1 cells was set at 1, and all other
expression values are presented in relative terms. FIG. 41A illustrates the relative gene
expression of Oct4, a pluripotency-associated gene, in pluripotent PBG1 cells, Day 6 cells
(end of Phase I), Days 6+4 and 6+5 (Phase II), and Days 6+5+1 through 6+5+4 (Phase III).
FIG. 41B illustrates the relative gene expression of NFE2, a transcription factor critical for
megakaryocyte maturation, in pluripotent PBG1 cells, Day 6 cells (end of Phase I), Days
6+4 and 6+5 (Phase 1), and Days 6+5+1 through 6+5+4 (Phase III). Similar analyses were
performed on a panel of relevant genes, and the results of this analysis are summarized in
the heat map shown in FIG. 41C, with genes OCT4, SOX2, NANOG, and ZFP42 being
downregulated during differentiation, genes ZFPM1, NFE2, RUNX1, MEIS1, and GATA1
being upregulated during differentiation, and genes PBX1 and MYC remaining at a
substantially consistent level.

FIG. 42A, FIG. 42B and FIG. 42C provide size distributions of PBG1 derived
megakaryocytes. FIG. 42A depicts a representative example of B1-Tubulin staining of
PBGI derived megakaryocytes, which were utilized to collect size measurements of PBG1-
MKs and compare with MKs from other sources. FIG. 42B depicts the size distribution of
PBG1 derived megakaryocytes, including the median, quartiles, and range. FIG. 42C
compares the size distribution data of PBG1 derived MKs with megakaryocytes from

various bone marrow sources.
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FIG. 43A and FIG. 43B provide ploidy measurements on PBG1 derived
megakaryocytes. FIG. 43 A depicts a representative example of DNA ploidy measurements
performed on PBGI derived megakaryocytes. FIG. 43B compares the DNA ploidy
measurements of PBG1-MKs with MKs from other sources.

FIG. 44 provides a comparison of presence or absence and concentration range of
various factors in hiPSC-MK lysate of megakaryocytes derived by a method of the present
disclosure and certain controls.

FIG. 45A, FIG. 45B, and FIG. 45C depict hiPSC platelet production. FIG. 45A
depicts flow cytometric analysis of anucleate and nucleated cells (upper, left). Nucleated
cells contained a large number of CD417CD42™ megakaryocytes (upper, right). Anucleate
cells positive for CD417, CD42", and Calcein AM were assessed using flow cytometry and
platelets were gated by size (1-5 microns). FIG. 45B shows examples of platelets harvested
from megakaryocyte culture assessed by electron microscopy. FIG. 45C is a graph
depicting cumulative yield of CD41°CD42" Calcein AM™ platelet-sized particles per well
during Phase III of the directed differentiation protocol described herein.

While the above-identified drawings set forth presently disclosed embodiments,
other embodiments are also contemplated, as noted in the discussion. This disclosure
presents illustrative embodiments by way of representation and not limitation. Numerous
other modifications and embodiments can be devised by those skilled in the art which fall

within the scope and spirit of the principles of the presently disclosed embodiments.

DETAILED DESCRIPTION

The present disclosure is directed to compositions and methods for producing
megakaryocytic progenitors (preMKs) and megakaryocytes (MKs) from stem cells, such
as, pluripotent stem cells, for example, clinical-grade human induced pluripotent stem cells.
The methods enable the continued production of preMKs from hemogenic endothelial cells
for extended time frames (up to 8 days or more), which can then be subsequently
differentiated into mature MKs. The preMKs and MKs derived by the instant methods can
be distinguished by one or more of the following: their size range, ploidy profile, biomarker
expression, gene expression, granule composition, and growth factor, cytokine and
chemokine composition or combinations thereof. The present disclosure further provides
compositions comprising preMKs and MKSs and their lysates, and also methods of use of

preMKs and MKs and their lysates and compositions thereof.
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Definitions

Unless defined otherwise, all technical and scientific terms used herein have the
meaning commonly understood by a person skilled in the art to which the present disclosure
belongs. The following references provide one of skill with a general definition of many
of the terms used in this disclosure: Singleton et al., Dictionary of Microbiology and
Molecular Biology (2nd ed. 1994); The Cambridge Dictionary of Science and Technology
(Walker ed., 1988); The Glossary of Genetics, Sth Ed., R. Rieger et al. (eds.), Springer
Verlag (1991); and Hale & Marham, The Harper Collins Dictionary of Biology (1991). As
used herein, the following terms have the meanings ascribed to them below, unless
specified otherwise.

By “agent” is meant any small molecule chemical compound, antibody, nucleic acid
molecule, or polypeptide, or fragments thereof.

The term “antibody,” as used herein, refers to an immunoglobulin molecule which
specifically binds with an antigen. The term “antibody fragment” refers to a portion of an
intact antibody and refers to the antigenic determining variable regions of an intact
antibody.

By “alteration” or “change” is meant an increase or decrease. An alteration may be
by as little as 1%, 2%, 3%, 4%, 5%, 10%, 20%, 30%, or by 40%, 50%, 60%, or even by as
much as 70%, 75%, 80%, 90%, or 100%.

By "biologic sample" is meant any tissue, cell, fluid, or other material derived from
an organism.

By "capture reagent" is meant a reagent that specifically binds a nucleic acid
molecule or polypeptide to select or isolate the nucleic acid molecule or polypeptide.

By “cellular composition” is meant any composition comprising one or more
isolated cells.

By “cell survival” is meant cell viability.

As used herein, “clinical grade” is meant to refer to a cell or cell line derived or
obtained using current Good Manufacturing Practice (GMP), which permits its clinical use
in humans. GMP is a quality assurance system used in the pharmaceutical industry to
ensure that the end product meets preset specifications. GMP covers both manufacturing
and testing of the final product. It requires traceability of raw materials and also that

production follows validated standard operating procedures (SOPs).
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By “detectable levels” is meant that the amount of an analyte is sufficient for
detection using methods routinely used to carry out such an analysis.

“Detect” refers to identifying the presence, absence or amount of the object to be
detected.

By “detectable label” is meant a composition that when linked to a molecule of
interest renders the latter detectable, via spectroscopic, photochemical, biochemical,
immunochemical, or chemical means. For example, useful labels include radioactive
isotopes, magnetic beads, metallic beads, colloidal particles, fluorescent dyes, electron-
dense reagents, enzymes (for example, as commonly used in an ELISA), biotin,
digoxigenin, or haptens.

By “disease” is meant any condition or disorder that damages or interferes with the
normal function of a cell, tissue, or organ. Examples of diseases include any disease or
injury that results in a reduction in cell number or biological function, including ischemic
injury, such as stroke, myocardial infarction, or any other ischemic event that causes tissue
damage, peripheral vascular disease, wounds, burns, fractures, blunt trauma, arthritis, and
inflammatory diseases.

By “effective amount” is meant the amount of an agent required to produce an
intended effect.

By “fragment” is meant a portion of a polypeptide or nucleic acid molecule. This
portion contains, preferably, at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90%
of the entire length of the reference nucleic acid molecule or polypeptide. A fragment may
contain 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100, 200, 300, 400, 500, 600, 700, 800, 900,
or 1000 nucleotides or amino acids.

The terms "isolated," "purified," or "biologically pure" refer to material that is free
to varying degrees from components which normally accompany it as found in its native
state. "Isolate" denotes a degree of separation from original source or surroundings.
"Purify" denotes a degree of separation that is higher than isolation. A "purified" or
"biologically pure" protein is sufficiently free of other materials such that any impurities
do not materially affect the biological properties of the protein or cause other adverse
consequences. That is, a nucleic acid or peptide of this invention is purified if it is
substantially free of cellular material, viral material, or culture medium when produced by
recombinant DNA techniques, or chemical precursors or other chemicals when chemically

synthesized. Purity and homogeneity are typically determined using analytical chemistry
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techniques, for example, polyacrylamide gel electrophoresis or high-performance liquid
chromatography. The term "purified" can denote that a nucleic acid or protein gives rise to
essentially one band in an electrophoretic gel. For a protein that can be subjected to
modifications, for example, phosphorylation or glycosylation, different modifications may
give rise to different isolated proteins, which can be separately purified.

By “isolated polynucleotide” is meant a nucleic acid (e.g., a DNA) that is free of the
genes which, in the naturally-occurring genome of the organism from which the nucleic
acid molecule of the disclosure is derived, flank the gene. The term therefore includes, for
example, a recombinant DNA that is incorporated into a vector; into an autonomously
replicating plasmid or virus; or into the genomic DNA of a prokaryote or eukaryote; or that
exists as a separate molecule (for example, a cDNA or a genomic or cDNA fragment
produced by PCR or restriction endonuclease digestion) independent of other sequences.
In addition, the term includes an RNA molecule that is transcribed from a DNA molecule,
as well as a recombinant DNA that is part of a hybrid gene encoding additional polypeptide
sequence.

By an “isolated polypeptide” is meant a polypeptide of the disclosure that has been
separated from components that naturally accompany it. Typically, the polypeptide is
isolated when it is at least 60%, by weight, free from the proteins and naturally-occurring
organic molecules with which it is naturally associated. Preferably, the preparation is at
least 75%, more preferably at least 90%, and most preferably at least 99%, by weight, a
polypeptide of the disclosure. An isolated polypeptide of the disclosure may be obtained,
for example, by extraction from a natural source, by expression of a recombinant nucleic
acid encoding such a polypeptide; or by chemically synthesizing the protein. Purity can be
measured by any appropriate method, for example, column chromatography,
polyacrylamide gel electrophoresis, or by HPLC analysis.

The term “hemogenic endothelial cell” as used herein refers to cells capable of
differentiating to give rise to hematopoietic cell types or endothelial cell types, and which
may optionally be derived from pluripotent stem cells. Hemogenic endothelial cells are
normally adherent to extracellular matrix protein and/or to other hemogenic endothelial
cells, and can be characterized, in some embodiments, by the expression of the markers
CD31 and CD34.

By “marker” is meant any protein or other epitope having an alteration in expression

level or activity that is associated with a characteristic or condition.
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The term “megakaryocyte” (MK) as used herein refers to a large (e.g.,
diameter >10 pm), polyploid hematopoietic cell with the propensity to generate proplatelets
and/or platelets. One morphological characteristic of mature MKs is the development of a
large, multi-lobed nucleus. Mature MKs can stop proliferating, but continue to increase
their DNA content through endomitosis, with a parallel increase in cell size.

The term “megakaryocytic progenitor” (preMK), as used herein, refers to a
mononuclear hematopoietic cell that is committed to the megakaryocyte lineage and is a
precursor to mature megakaryocytes. Megakaryocytic progenitors are normally found in
(but not limited to) bone marrow and other hematopoietic locations, but can also be
generated from pluripotent stem cells, such as by further differentiation of hemogenic
endothelial cells that were themselves derived from pluripotent stem cells.

The term "microparticle” refers to a very small (<1 micron) phospholipid vesicle
shed from a megakaryocyte or other cell. Microparticles may contain genetic material such
as RINA, and express extracellular markers of their parental cells. Megakaryvocyte- and
platelet-derived microparticles may have a role in multiple pathways, including hemostasis
and inflammation.

The term "platelet” (PLT) refers to a cell with a diameter of 1-3 microns with no
nucleus but does contain RNA. Platelets can express CD41, CD42b, and CD61 on its cell
surface. Internally, it contains alpha and dense granules, which contain such factors as P-
selectin and serotonin, respectively. Platelets also have an open canalicular system, which
reter to chanunels that are a pathway for the transpost of extracetiular material into the cell
and the release of material from granules to the extracellular environment. They primartly
function in the regulation of hemostasis by participating tn blood clotting but also have
been shown to have a role tn inflammation.

The term "preplatelet” refers to a cell with a diameter of 3-10 microns with no
nucleus but with RNA. Preplatelets are otherwise morphologically and altra-structurally
similar to platelets and constitute an intermediate cell stage produced by megakaryocytes
that break apart through cytoskeletal rearrangement to form individual platelets.

The term "proplatelet” refers to cytosolic extensions from megakaryocytes or just
released from megakaryocyies. Proplatelets break apart through cytoskeletal
rearrangement to form individual preplatelets and platelets.

The term “pluripotent stem cell” includes embryonic stem cells, embryo-derived

stem cells, and induced pluripotent stem cells and other stem cells having the capacity to
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form cells from all three germ layers of the body, regardless of the method by which the
pluripotent stem cells are derived. Pluripotent stem cells are defined functionally as stem
cells that can have one or more of the following characteristics: (a) be capable of inducing
teratomas when transplanted in immunodeficient (SCID) mice; (b) be capable of
differentiating to cell types of all three germ layers (e.g., can differentiate to ectodermal,
mesodermal, and endodermal cell types); or (¢) express one or more markers of embryonic
stem cells (e.g., express Oct 4, alkaline phosphatase. SSEA-3 surface antigen, SSEA-4
surface antigen, SSEA-5 surface antigen, Nanog, TRA-1-60, TRA-1-81, SOX2, REXI1,
etc.).

The term “induced pluripotent stem cells” (iPS cells or iPSCs) refers to a type of
pluripotent stem cell generated by reprogramming a somatic cell by expressing a
combination of reprogramming factors. The iPSCs can be generated using fetal, postnatal,
newborn, juvenile, or adult somatic cells. Factors that can be used to reprogram somatic
cells to pluripotent stem cells include, for example, a combination of Oct 4 (sometimes
referred to as Oct 3/4), Sox2, c-Myc, and KIf4. In other embodiments, factors that can be
used to reprogram somatic cells to pluripotent stem cells include, for example, a
combination of Oct 4, Sox2, Nanog, and Lin28. In certain embodiments, at least two, three,
or four reprogramming factors are expressed in a somatic cell to reprogram the somatic

cell.

2 2 2

As used herein, the terms “prevent,” “preventing,” “prevention,” “prophylactic
treatment” and the like refer to reducing the probability of developing a disorder or
condition in a subject, who does not have, but is at risk of or susceptible to developing a
disorder or condition.

By “reduces” is meant a negative alteration of at least 10%, 25%, 50%, 75%, or
100%.

By “reducing cell death” is meant reducing the propensity or probability that a cell
will die. Cell death can be apoptotic, necrotic, or by any other means.

By “reduced level” is meant that the amount of an analyte in a sample is lower than
the amount of the analyte in a corresponding control sample.

By “reference” is meant a standard or control condition.

By "specifically binds" is meant a compound or antibody that recognizes and binds

a polypeptide of the disclosure, but which does not substantially recognize and bind other
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molecules in a sample, for example, a biological sample, which naturally includes a
polypeptide of the disclosure.

The term “subject” or “patient” refers to an animal which is the object of treatment,
observation, or experiment. By way of example only, a subject includes, but is not limited
to, a mammal, including, but not limited to, a human or a non-human mammal, such as a
non-human primate, murine, bovine, equine, canine, ovine, or feline.

2

As used herein, the terms “treat,” treating,” “treatment,” and the like refer to
reducing or ameliorating a disorder or symptoms associated therewith. It will be
appreciated that, although not precluded, treating a disorder or condition does not require

that the disorder, condition or symptoms associated therewith be completely eliminated.

2% 2%

By, “comprises,” “comprising,” “containing” and “having” and the like can have

the meaning ascribed to them in U.S. patent law and can mean “includes,” “including,” and
the like; “consisting essentially of” or “consists essentially” likewise has the meaning
ascribed in U.S. patent law and the term is open-ended, allowing for the presence of more
than that which is recited so long as basic or novel characteristics of that which is recited
is not changed by the presence of more than that which is recited, but excludes prior art
embodiments.

Unless specifically stated or obvious from context, as used herein, the term "or" is
understood to be inclusive. Unless specifically stated or obvious from context, as used
herein, the terms "a", "an", and "the" are understood to be singular or plural.

Unless specifically stated or obvious from context, as used herein, the term “about”
is understood as within a range of normal tolerance in the art, for example within 2 standard
deviations of the mean. About can be understood as within 10%, 9%, 8%, 7%, 6%, 5%,
4%, 3%, 2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of the stated value. Unless otherwise clear
from context, all numerical values provided herein are modified by the term about.

The recitation of a listing of chemical groups in any definition of a variable herein
includes definitions of that variable as any single group or combination of listed groups.
The recitation of an embodiment for a variable or aspect herein includes that embodiment
as any single embodiment or in combination with any other embodiments or portions
thereof.

Any compositions or methods provided herein can be combined with one or more

of any of the other compositions and methods provided herein.
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Megakaryocytes

In the human body, megakaryocytes are derived from CD34" hematopoietic stem
cells that mainly reside in the bone marrow, but are also found in the yolk sac, fetal liver,
and spleen during early development. During MK differentiation, MK precursors undergo
a period of endomitosis, whereby MKs become polyploid through multiple cycles of DNA
replication without cell division, yielding a polylobulated nucleus with up to 128n copies
of DNA. As MKs increase in size they also refine their transcriptional and proteomic
profiles, acquire a number of highly specialized granules including a-granules and dense-
granules, and develop a highly invaginated membrane system, which are hallmarks of MK
maturation and development.

To produce platelets, MKs migrate adjacent to blood vessels in the bone marrow
through which they extend long structures called proplatelets into the circulation.
Proplatelets function as the assembly lines for platelet production, and sequentially release
multiple anucleate platelets from their ends.

While platelets are primarily responsible for clot formation at sites of active
hemorrhage, it is becoming increasingly apparent that they also play significant roles in
wound healing, angiogenesis, and innate immunity. Among the stem cell-based therapeutic
landscape, platelets are an ideal early entrant because they: 1) are in high clinical demand
due to their short inventory shelf-life; 2) are anucleate and can be safely irradiated to kill
any contaminating nucleated cells, thereby reducing the risk of teratoma development; 3)
do not require HLA or blood type matching for the majority (>90%) of platelet transfusions,
which will facilitate large-scale manufacture of allogeneic human pluripotent stem cells
(hPSCs) for off-the-shelf therapy; 4) are short-lived and well characterized, which will
simplify projected clinical trials; 5) are easily transplanted; and 6) would benefit
tremendously from sterile manufacture, as current donor-based platelet transfusions are
inherently susceptible to bacterial and viral contamination.

Current platelet demand exceeds supply by ~20%, and unmet demand is expected
to more than double by 2022 due to a growing and aging population requiring more platelet-
based procedures, new medications that reduce platelet counts, and the expansion of
existing uses of platelet transfusions to improve healing time. In the United States, the

blood market effectively operates as an oligopoly, with the American Red Cross and
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America’s Blood Centers each controlling a little less than half of the market and
HemeXcel as the third major blood provider.

There are numerous other potential markets for preMKs and MKs and their growth
factors. For example, preMKs, MKs and their lysates can be used for cell culture, tissue
regeneration, wound healing, drug delivery, and in the cosmetics industry for skin
rejuvenation. As megakaryocytes produced by the methods described herein contained
many growth factors they can be a source of therapeutic compositions and/or used for many
therapeutic purposes. The present disclosure addresses these needs by establishing a
scalable, current good manufacturing practice (cGMP)-compliant commercial platform to
make human iPSC-derived human megakaryocytes and products thereof.

Outside the body, MKs can reasonably be derived from various major stem cell
sources, for example pluripotent stem cells, hematopoietic stem cells, or other stem cell
types.

In some embodiments, MKs can be derived from pluripotent stem cells, including
but not limited to, embryonic stem cells (ESCs) (e.g. human embryonic stem cells) and
induced pluripotent stem cell (iPSCs) (e.g. human induced pluripotent stem cells).
ESCs are pluripotent stem cells derived from the inner cell mass of an early-stage
preimplantation embryo called a blastocyst. iPSCs are a type of pluripotent stem cell that
can be generated from adult cells by inducing timed expression of particular transcription
factors. iPSCs can be expanded and maintained in culture indefinitely and engineered to
produce MKs.

In some embodiments, MKs can be derived from hematopoietic stem cells,
including but not limited, to CD34" umbilical cord blood stem cells (UCB cells) (e.g.
human CD34" umbilical cord blood stem cells), CD34" mobilized peripheral blood cells
(MPB cells) (e.g. CD34" human mobilized peripheral blood), or CD34+ bone marrow cells.
UCB cells are multipotent stem cells derived from blood that remains in the placenta and
the attached umbilical cord after childbirth. MPB cells are multipotent stem cells derived
from volunteers whose stem cells are mobilized into the bloodstream by administration of
G-CSF or similar agent.

In some embodiments, MKs can be derived from other stem cell types, including
but not limited to mesenchymal stem cells (MSC) (such as, adipose-derived mesenchymal

stem cells (AdMSC)) or mesenchymal stem from other sources.
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AdMSCs are derived from white adipose tissue, which is derived from the
mesoderm during embryonic development and is present in every mammalian species,
located throughout the body. Due to their wide availability and ability to differentiate into
other tissue types of the mesoderm-including bone, cartilage, muscle, and adipose-ASCs
may serve a wide variety of applications.

In the present disclosure, the stem cell cultures are maintained independently of
embryonic fibroblast feeder cells and/or animal serum that can potentially be contaminated
with xenogeneic pathogens and increase the risk for an immunogenic reaction in humans.
Therefore, serum-free, feeder-cell free alternatives are utilized in the instant methods to
avoid the introduction of animal products into the preMKs and MKs derived according to

the instant methods to ensure safe and animal product-free conditions and products.

Methods of Production

FIG. 1 shows an overall schematic for scalable differentiation of megakaryocytic
progenitors (preMKs), megakaryocytes (MK), and platelets (PLT) from one or more
pluripotent stem cells. However, it should be noted that while the instant processes are
described in connection with pluripotent stem cells, in various embodiments, pluripotent

stem cells may be substituted or supplemented with other types of stem cells.

Phase 0: Expansion of human induced pluripotent stem cells and preparation for
differentiation

Matrix-dependent expansion cultures

For matrix-dependent expansion cultures, clinical grade pluripotent stem cells
(PSCs) can be expanded as colonies by culturing without feeder cells on a supportive matrix
in a pluripotent stem cell culture medium. The supportive matrix can be a 2 dimensional
surface or a 3 dimensional structure. In some embodiments, the clinical grade human
induced pluripotent stem cells can be human induced pluripotent stem cells (iPSCs) such
as PBG1, PBG2, or PBG3, but other types of pluripotent stem cells, such as embryonic
stem cells, or other stem cells can be used.

In some embodiments, the supportive matrix can be, by way of a non-limiting
example, recombinant vitronectin, recombinant laminin, Matrigel or any combinations of
the foregoing. In some embodiments, the pluripotent stem cell culture medium can be, for

example, but not limited to, Essential 8 medium (ThermoFisher), StemFlex medium
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(Thermofisher), NutriStem medium (Biological Industries), or other medium able to
support the maintenance and growth of pluripotent cells known in the art. In some
embodiments, the cells can be cultured to reach confluency. In some embodiments, the
cells can be cultured to reach from 30% to 90% % confluency. In some embodiments, the
cells are cultured to reach up to 60%, up to 65%, up to 70%, up to 75% confluency. For
example, the cells are cultured to reach about 70% confluency. Upon reaching a
predetermined maximum percent confluency, the cells are harvested. In some
embodiments, the cells can be harvested as clumps by dissociation using from 0.1mM to
SmM EDTA or similar chelating agent or reagent. For example, the cells can be harvested
using about 0.5mM EDTA. In some embodiments, the cells can be harvested as single
cells, such as, for example, by dissociation with proteolytic enzymes, collagenolytic
enzymes, or combinations thereof. For example, the cells can be harvested as single cells
by dissociation with, for example, recombinant trypsin such as TrypLE™, or Accutase™.
For maintenance/expansion of PSCs, the harvested cells can be resuspended in pluripotent
stem cell culture medium.

Matrix-independent 3D expansion cultures

For matrix-independent 3D expansion cultures, clinical grade PSCs can be
expanded as self-aggregating spheroids. In some embodiments, this can be achieved by
seeding single cells at a density from about 0.1 to about 1.5 million per ml. For example,
in some embodiments, single cells can be seeded at 0.5 million per ml.

The cells can be subjected to continuous motion by slow stirring or gentle shaking
in low-adherent or non-adherent conditions in a pluripotent stem cell culture medium. In
some embodiments, feeder free, serum free medium can be used. The pluripotent stem cell
culture medium can be, for example, but not limited to, Essential 8 medium
(ThermoFisher), StemFlex medium (Thermofisher), NutriStem medium (Biological
Industries), or other similar medium able to support the maintenance and growth of
pluripotent cells known in the art. In some embodiments, the PSC spheroids are cultured
until reaching an overall cell density of from about 3 to about 10 million cells/ml and/or
attain a median spheroid size of about 150 to about 350um, for approximately 5-7 days. In
some embodiments, the PSC spheroids are cultured until reaching an overall cell density
of 5 million cells/ml. In some embodiments, the PSC spheroids are cultured until the cells
attain a median spheroid size of about 250um. The culturing step may last for 4, 5, 6, 7, or

8 days. When applicable, PSCs can be harvested as single cells by dissociation with
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proteolytic enzymes, collagenolytic enzymes, or combinations thereof. For example, the
cells can be harvested as single cells by dissociation with, but not limited to trypsin,
recombinant trypsin such as TrypLE™, Accutase™ or similar reagent known in the art.
In some embodiments, the single cells are used to initiate another 3D expansion culture
and/or directed differentiation culture.

Preparation for Differentiation

In some embodiments, to prepare for differentiation, PSC aggregates can be generated by
partial dissociation of PSC colonies from matrix-dependent 2D cultures, by partial
dissociation of PSC spheroids from matrix-independent 3D cultures, or by self-aggregation
of single PSCs generated by any method known in the art. In some embodiments, prior to
initiation of differentiation, these aggregates can be resuspended and cultured in a
pluripotent stem cell culture medium, for example, but not limited to, Essential 8 medium
(ThermoFisher), StemFlex medium (Thermofisher), or NutriStem medium (Biological
Industries). In some embodiments, the medium may include an ROCK inhibitor, such as,
for example, but not limited to, Y27632, H1152, or combination thereof. In some
embodiments, the cells can be cultured for between 0 and 72 hours at 37° C, 5% CO», 20%
O, prior to initiation of differentiation.

For matrix-dependent cultures, the aggregates can be allowed to attach to a surface.
In some embodiments, the step of attachment may be allowed to proceed for about 24 hours,
although any time between 1 hour and 24 hours or longer may be used. In some
embodiments, the surface can be pre-coated with collagen, laminin, or any other
extracellular matrix protein. In some embodiments, human collagen IV can be used for
coating the surface. In some embodiments, the matrix-coated surface can be 2D (for
example, the bottom of a plastic dish or flask). In some embodiments, the matrix-coated
surface can be 3D (for example, smooth or textured spherical microcarriers, macrocarriers,
such as, Rauchig rings). The cells on the 3D matrix coated surfaces can then be cultured
with or without continuous motion. For example, the cells can be cultured under ultra-low-
adherent static conditions, in roller bottles, spinner flasks, stir tank bioreactors, vertical
wheel bioreactors, packed bed bioreactors, or fluidized bed systems.

For matrix-independent cultures, the aggregates can be subjected to continuous
motion by slow stirring or gentle shaking in a low-adherent vessel. The cells can be
transitioned into Phase I of differentiation after between 0 and 72 hours, for example after

about 24 hours.
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Phase I. Generation of Hemogenic Endothelial Cells

In Phase I, prepared PSCs can be differentiated into hemogenic endothelial cells.
Briefly, the pluripotent stem cell culture medium is removed and replaced with Phase 1
differentiation medium. In some embodiments, the Phase I differentiation medium can be
an animal-component free medium (ACF) comprising StemSpan™-ACF (STEMCELL
Technologies, Cat. No. 09855) as basal medium, supplemented with one or more growth
factors, including, for example, bone morphogenic protein 4 (BMP4), basic fibroblast
growth factor (bFGF), and vascular endothelial growth factor (VEGF). In some
embodiments, the basal medium is supplemented with between 1 and 200 ng/ml of one or
more each of BMP4 (for example, at 50 ng/ml), bFGF (for example, at 50 ng/ml), and
VEGF (for example, at 50 ng/ml) Cells can be incubated for between 2 and 6 days in low
oxygen conditions (for example, 37° C, 5% CO3, 5% 0O,), followed by between 2 and 6
days in normoxia (37° C, 5% COz3, 20% Oz). In some embodiments, WNT modulators such
as, for example, WNT agonists or antagonists can be added for the initial period of
differentiation. In some embodiments, GSK3 inhibitors can be added for the initial period
of differentiation. In some embodiments, the GSK3 inhibitors or WNT agonists, such as,
for example, CHIR9998014, CHIR99021 or a combination thereof, can be added for the
initial period of differentiation, such as for between 1 and 2 days. In some embodiments,
WNT modulators can replace one or more of the growth factors for at least a portion of
Phase I. For example, in some embodiments, while WNT modulators are present, BMP4
can be added for the first 48 hours and can be dispensable for the remainder of Phase I. In
some embodiments, VEGF and bFGF can be dispensable for the first 48 hours while WNT
modulators are present. In some embodiments, daily full media exchanges can be
performed throughout Phase I by removal of spent media and replacement with fresh Phase
I media. In some embodiments, partial media exchanges can be performed, with 10-95%
of the spent media removed and replaced with equivalent volumes of fresh Phase I media.
In some embodiments, additional volumes of fresh media can be added with the net effect
of increasing the total volume of the culture. In some embodiments, specific media
components are spiked into the culture in lieu of replacement or addition of fresh Phase I
media.

In 2D matrix-dependent cultures, by day 2, the morphology of the colonies changes
to scattered elongated cell clusters (FIG. 15). By day 5-6, a confluent adherent layer of
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hemogenic endothelial cells is observed, with some three-dimensional structure within the
adherent cell layer (FIG. 15). In matrix-independent 3D cultures, the spheroids grow larger,
darker, and less uniform as Phase I progresses (FIG. 33A). Approximately 6 days after
initiation of Phase I differentiation, differentiation to hemogenic endothelium is complete.
In some embodiments, differentiation can be deemed complete when a confluent adherent
layer of hemogenic endothelial cells is observed, with some three-dimensional structure
within the adherent cell layer (FIG. 4). To confirm successful Phase I differentiation, a
portion of the cells can be harvested as single cells using proteolytic enzymes,
collagenolytic enzymes, or combinations thereof such as Accutase® (STEMCELL
Technologies, Cat. No. 07920), TrypLE Select™ (Thermo Fisher Scientific, Cat. No.
12563029), or similar reagent known in the art, followed by flow cytometric analysis for
the hemogenic endothelium-specific markers CD31 and CD34. In some embodiments, the
hemogenic endothelial cells can also express CD309 and CD144 or CD309, CD144,
CD140a and CD235a. In some embodiments, the Phase I can be carried out in a stir tank

bioreactor to form self-aggregating spheroids.

Phase II. Generation of Detached Megakaryocytic Progenitors (preMKs) from Hemogenic
Endothelial Cells

In some embodiments, initiation of megakaryocytic progenitor (Phase II)
differentiation can be performed following between 4 and 8 days of Phase I. Briefly, Phase
I medium is removed and replaced with an equivalent volume of Phase Il medium, such as,
for example, STEMdiff™ APEL™?2 basal medium (STEMCELL Technologies, Cat. No.
05275). Such Phase II medium can be supplemented with 1 and 200 ng/ml of each of one
or more of Stem Cell Factor (SCF) (for example, at 25 ng/ml), Thrombopoietin (TPO) (for
example, at 25 ng/ml), Fms-related tyrosine kinase 3 ligand (FIt3-L) (for example, at 25
ng/ml), Interleukin-3 (IL-3) (for example, at 10 ng/ml), Interleukin-6 (IL-6) (for example,
at 10 ng/ml), and Heparin (for example, at 5 Units/ml). In some embodiments, the Phase
IT medium can be further supplemented with UM171, UM729, SR-1, SU6656, or any
combinations thereof.

Cells are then incubated for at least 7 and up to 12 or more days at 37° C, 5% CO»,
20% O». For example, the cells can be incubated for 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17
days. In some embodiments, daily partial media exchanges can be performed, with 10-

95% of the spent media removed and replaced with equivalent volumes of fresh Phase 11
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media. In some embodiments, additional volumes of fresh media can be added with the net
effect of increasing the total volume of the culture. In some embodiments, specific media
components can be spiked into the culture in lieu of replacement or addition of fresh Phase
I media.

Within 2-3 days after initiation of Phase II, small, round, refractile cells appear
within the adherent hemogenic endothelial cells and are eventually released into the
supernatant (FIG.17A). These released cells can contain preMKs, as defined by cell surface
expression of CD43 and CD41 and lacking expression of CD14. In 2D cultures, floating
and weakly attached Phase II cells that appear on top of the adherent cell layer can be
harvested daily by gentle rinsing and collection of the medium into conical tubes. A half-
media change can be initiated by adding half the original volume of fresh Phase II medium
on top of the rinsed adherent cell layer. An aliquot of the collected cells in medium can be
removed for viable cell enumeration and biomarker analysis by flow cytometry. The
remainder of the cells can then be centrifuged at 200xg for 5 minutes. Following
centrifugation, a media change can be completed by adding back half the original volume
of supernatant to the adherent cell layer. In matrix-independent 3D cultures, released cells
can be harvested by pausing agitation to allow the spheroids to settle to the bottom of the
vessel, then collecting up to 90% of the media, along with the suspension cells, into tubes
(e.g. conical tubes) for centrifugation. Half the original volume of fresh media can then be
added to the vessel, and topped up with conditioned media from the supernatant of the
centrifuged cells. In some embodiments, additional volumes of fresh media can be added
with the net effect of increasing the total volume of the culture. In some embodiments,
specific media components can be spiked into the culture in lieu of replacement or addition
of fresh Phase II media. The remainder of the supernatant is discarded and the preMK-
containing cell pellet can be stored at -180° C in Cryostor 10 cryopreservation media, or
transitioned directly into Phase III. Megakaryocytic progenitors collected during Phase II
are small, round, refractile cells that express CD43 and CD41 and lack the expression of

CD14.

Phase I1l. Generation of mature Megakaryocytes (MK) from Megakaryocytic Progenitors
In some embodiments, differentiation of mature megakaryocytes can be initiated
using PSC-derived preMKs, generated as described above.  Fresh or thawed

megakaryocytic progenitors can be seeded onto a non-adherent surface in Phase III
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medium, comprising, for example, StemSpan™-ACF. Non-adherent surfaces refer to
surfaces such that the majority of cells are not intended to stick or cling to such surfaces,
but instead remain mostly in suspension. For example, such surface can be made of “ultra-
low adherence plastic” or may not be coated with extracellular matrix proteins to prevent
or minimize adhesion of cells to the surface. In some embodiments the Phase III medium
can be supplemented with between 0 and 200 ng/ml each of one or more of TPO (for
example, at 25 ng/ml), SCF (for example, at 25 ng/ml), IL-6 (for example, at 10 ng/ml),
IL-9 (for example, at 10 ng/ml), and Heparin (for example, at 5 units/ml). In some
embodiments, the Phase III medium can also be supplemented with UM171, UM729, SR-
1, SU6656, or any combinations thereof.

Cells can then be incubated at between 37 © C and 40° C (for example, 39° C),
between 5 and 20 % CO; (for example, 7% -10%), and between 5 and 20% O, for up to 5
days. In some embodiments, partial daily media exchanges are performed, with 10-95% of
the spent media removed and replaced with equivalent volumes of fresh Phase III media.
In some embodiments, the non-adherent surface is a 6-well ultra-low-adherent plate. In
some embodiments, the non-adherent surface is a gas permeable membrane (such as the G-
Rex ®). In some embodiments, the non-adherent surface is a cell culture bag or vessel with
gentle agitation.

In some embodiments, during Phase III, the megakaryocytic progenitors can
differentiate into mature MKs within several days. In some embodiments, cells that are
initially uniformly small, round, and refractile (FIG. 21) begin to increase in size and ploidy
by day 2-4 (FIG. 20). Simultaneously, proplatelet-producing MKs can be readily observed
(FIG. 20). By 3-4 days of Phase III, the proportion of CD61" (megakaryocytic lineage)
cells co-expressing the mature MK markers CD42a and CD42b increases dramatically and
can reach levels as high as 80-90%, depending on the starting hiSPC cell line (FIG. 21). By
day 4-5 of Phase 111, platelets are released by mature MKs into the culture medium. These
platelets can be collected, quantified, and assessed by flow cytometry and electron

microscopy, confirming their identity as bona fide platelets (FIG. 45).

3D Systems
Packed bed bioreactor
In some embodiments, a 3D scalable packed-bed bioreactor may be used for the

production of one or more of preMKs, megakaryocytes, platelets, or megakaryocytes and
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platelets. In some embodiments, the packed bed bioreactor can be used for the Phase I and
Phase II culture. For example, the packed-bed reactor can be used for differentiation of
PSCs to hemogenic endothelium cells, followed by the production of preMKs. The packed-
bed reactor carriers may be either micro-sized or macro-sized and can be formed from
biocompatible plastics, metals, glass, or natural materials, such as alginate. In some
embodiments, the carriers are formed from PTFE in the shape of Raschig rings, for example
Imm Raschig rings. In some embodiments, the carriers can be coated with a matrix as
described above. In some embodiments, the carriers may be coated with Laminin, such as
a recombinant human protein Laminin 521. In some embodiments, pluripotent cells can be
seeded as clumps onto the carriers. In some embodiments, media can be removed and
replaced with Phase I media, with daily media exchanges. In some embodiments, during
Phase I, the pluripotent cells can exhibit growth areas on the inside of the carriers in the
packed bed reactor. In some embodiments, initial differentiation of pluripotent cells to
hemogenic endothelium (i.e. Phase I of directed differentiation), as well as the further
differentiation and release of preMKs (i.e. Phase II of directed differentiation) can occur in
the same vessel. For example, a packed-bed bioreactor can comprise Laminin-521 coated
macrocarriers seeded with pluripotent cells, for example PBG-1 iPSCs. The packed-bed
can then be exposed to a continuous flow of media to enable Phase I differentiation to
hemogenic endothelium. After percolating through the packed-bed, the media can be
circulated through a conditioning chamber, where fresh media components can be added,
and oxygen/CO2 concentrations can be adjusted via sparging or other means before the
media can be recirculated to the cells.

At the completion of Phase I, the media can be switched to allow Phase II
differentiation and production and release of preMKs. Appropriately sized and shaped
carriers such as the Imm Raschig rings can enable sufficient media flow and channel width
to enable the released cells to percolate through the packed bed and out of the reactor for
collection and cryostorage. In some embodiments, this design can decrease the shear forces
experienced by the cells, can allow for efficient media usage due to its perfusion based

design, and can enable the continuous collection of preMKs as they are released.
Self aggregating spheroids in stir tank bioreactor

In some embodiments, certain process steps may be carried out using a scalable 3D

solution, which can involve performing differentiations using self-aggregating spheroids
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suspended in stirred or shaken vessels. (FIG. 32). In some embodiments, such vessels can
include low-adherent surfaces or non-adherent surfaces, that is, surfaces coated with
hydrophilic or neutrally charged coatings to inhibit specific and nonspecific cell
immobilization on the surface, forcing cells into a suspended state. Pluripotent cells can
be dissociated into single cells and resuspended in pluripotency maintenance media. In
some embodiments, the maintenance medium can be supplemented with a Rock Inhibitor,
such as, H1152 or other ROCK inhibitor. The pluripotent cells can then be incubated in a
low adherent or non-adherent vessel and subjected to agitation in standard culture
conditions (for example, 37C, 5% CO2, 20%02). In some embodiments to provide
agitation, the incubation vessel can be placed on an orbital shaker, or a shaker flask or
spinner flask with constant agitation, or a controlled stir tank bioreactor can be used.
Within 24 hours, the pluripotent cells can self-aggregate to form spheroids approximately
50-150 um in diameter. As agitation is paused, the spheroids can settle to the bottom of the
vessel.

Media can then be exchanged with Phase I differentiation media to promote the
differentiation towards hemogenic endothelium, and agitation can be resumed, with
incubation in hypoxic conditions (for example, 37°C, 5% CO2, 5%02). Media exchanges
can be performed on a regular basis (for example, daily) during which time the spheroids
can grow larger and develop characteristic structure and shape. For example, as shown in
FIG. 33 A, the spheroids can be cultured for a total of 6 days (4 days in 37°C, 5% CO2, 5%
02, followed by 2 days in 37°C, 5% CO2, 20% 0O2). As shown in FIG. 33 A, at day 6 the
spheroids are larger, darker and have an irregular surface.

To transition to Phase II, agitation can be paused and the spheroids can be allowed
settle to the bottom of the vessel. Media can then be exchanged with Phase II differentiation
media to promote the differentiation and release of suspension cells. On a regular basis
thereafter (for example, daily), suspension cells can be collected and a partial media
exchange can be performed. The media can be collected, and centrifuged. Approximately
half the working volume of fresh Phase II differentiation media can be added to the
spheroids, along with a sufficient volume of conditioned media (i.e. supernatant post-
centrifugation) to restore the original working volume. The cell pellets can be
cryopreserved or transferred to Phase III for maturation to mature MKs.

Upon transition to static Phase III cultures, preMKs from 3D self-aggregating

spheroid cultures can generate similar MK purities as preMKs from 2D culture systems.
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Furthermore, Phase III differentiation cultures generated from 3D self-aggregating
spheroid cultures can contain cells that increased dramatically in size and are able to

generate proplatelets, consistent with their identity as bona fide megakaryocytes.

Transition to scalable system for Phase 111

In some embodiments, as noted above, fresh or thawed megakaryocytic preMKs
can be seeded onto a low-adherent or non-adherent surface in Phase III medium. In some
embodiments, such non-adherent surface can be a gas permeable membrane (such as the
G-Rex ®). In some embodiments, the low-adherent or non-adherent surface is a cell culture
bag or vessel with gentle agitation. In either case, preMKs (either freshly harvested from
Phase II culture, or thawed from cryopreserved stocks) are suspended in Phase Il media at
a density of 0.5-10 million per ml, and introduced into the vessel. For example, the preMKs
can be at density of 1 to 1.5 million per ml, of 1 to 2 million per ml, of 1 to 3 million per
ml, of 1 to 4 million per ml, of 2 to 5 million per ml, of 2 to 6 million per ml, of 3 to 7
million per ml, of 3 to 8 million per ml, of 5 to 9 million per ml, or of 8 to 10 million per
ml. The cells are cultured for a total of 1-5 days (for example, 3 days) to enable
differentiation into mature MKs. In some embodiments, daily half media exchanges are
performed, with 10-95% of the spent media removed and replaced with equivalent volumes
of fresh Phase IIl media. At the end of the Phase III cultures, the resulting cells are increased
in size and ploidy, and exhibit a host of features indicative of mature megakaryocytes (as

for example, shown in FIGS. 34 to 42 and described below).

Megakarvocytes and Products Thereof

In some embodiments, the present disclosure provides a megakaryocytic
progenitor, a megakaryocyte, preplatelet, proplatelet or a platelet derived in vitro from a
PSC cell or cell line. According to aspects of the present disclosure, the megakaryocytic
progenitor, a megakaryocyte, preplatelet, proplatelets or a platelet derived from a PSC cell
or cell line are produced using the method of U.S. Patent No. 9,763,984 or the bioreactor
as disclosed in International Application No. PCT/US2018/021354, which are incorporated
herein by reference in their entireties.

In some embodiments, the present disclosure provides an isolated population of

cells comprising the megakaryocyte or megakaryocytic progenitor.
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In some embodiments, the present disclosure provides a composition containing a
megakaryocyte or megakaryocytic. In some embodiments of the present disclosure, the
composition comprising megakaryocyte, megakaryocytic progenitor or products thereof is
disclosed.

According to some embodiments of the present disclosure, the megakaryocyte,
megakaryocytic progenitor or products thereof are homogenous in shape, size and/or
phenotype. It should be appreciated that the megakaryocyte, megakaryocytic progenitor or
products thereof of the present disclosure may comprise a variability in biomarker
expression, size, ploidy, number and purity that is characteristically different than the
variability in corresponding human cells. In some embodiments, such variability can be
significantly lower. In some embodiments, the cell populations may be created to have a
desired variability, which may be lower or higher than that of the naturally-occurring cells.

In some embodiments, megakaryocytic progenitors (preMKs) are characterized by
the expression of the markers CD43 and CD41, and the lack of CD14 (i.e. CD14", CD41",
CD43"). Additional expression of CD42b may indicate that the megakaryocytic progenitor
is in the process of final maturation towards mature megakaryocytes. In certain
embodiments, megakaryocytic progenitors generated in differentiation cultures are non-
adherent and may float freely in the culture medium.

In some embodiments, the instant megakaryocytes are one or more of CD42a”,
CD42b", CD417, CD61%, GPVI+, and DNA". In some embodiments, the instant
megakaryocytes are one or more CD42a”, CD42b™, CD41", CD617, and DNA™. In some
embodiments, the instant megakaryocytes are one or more of CD42b", CD617, and DNA™.
In some embodiments, the instant megakaryocytes are one or more of CD42a”, CD617, and
DNA". In some embodiments, the instant megakaryocytes are one or more of CD42a”,
CD417, and DNA™. In some embodiments, the instant megakaryocytes are one or more of
CD42b", CD417, CD617, and DNA™. In some embodiments, the instant megakaryocytes
are one or more of CD42b™, CD42a*, CD617, and DNA™. In some embodiments, the instant
megakaryocytes are one or more of CD42b", CD42a", CD41", and DNA". In some
embodiments, the megakaryocyte is CD417CD61°CD42b"GPVI'". In some embodiments,
the megakaryocyte is CD41"CD617CD42a"GPVI".

In some embodiments, the instant megakaryocyte is CD61" and DNA™ and has a
diameter of about 10-50 um. In some embodiments, the megakaryocytes produced by the

methods described herein have an average size between 10 and 20 um, between 11 and 19
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um, between 12 and 18 um, between 13 and 17 um, between 14 and 16 pm, between 14
and 15 um. In some embodiments, the megakaryocytes produced by the methods described
herein have an average size of 14.5 um. In some embodiments, the instant megakaryocyte
has a diameter of about 10-20 um. In some embodiments, the instant megakaryocyte has
a diameter of about 10-30 um. In some embodiments, the instant megakaryocyte has a
diameter of about 10-40 um. In some embodiments, the instant megakaryocyte has a
diameter of about 10-50 um. In some embodiments, the instant megakaryocyte has a
diameter of about 20-40 um. In some embodiments, the instant megakaryocyte has a
diameter of about 25-40 um.

In some embodiments, the instant megakaryocytes produced by the methods
described herein have a ploidy of 2N-16N. In some embodiments, the instant
megakaryocyte has a ploidy of at least 4N, 8N, or 16N. In some embodiments, instant
megakaryocytes have ploidy 4N-16N. In some embodiments, the instant megakaryocytes
produced by the methods described herein are 16% +/-11 4% of CD61+ cells at 72 hours
of Phase Hi culture with bigher than 4N DNAL

In some embodiments, at least 50% of the megakaryocyte population produced by
the methods described herein is CD61" and DNA™, and has a ploidy of 2N to 16N. For
example, the megakaryocytes (i.e. beta-1-tubulin positive Phase III cells) from a
representative PBG1 differentiation culture ranged in size from about 9 [m to about 27 [m,
with a median of 15 [m. This average size compares similarly with ‘normal’
megakaryocytes from various bone marrow sources (FIG. 41).

In some embodiments, the isolated population of cells or the composition contains
at least 50% of CD42b" CD61" DNA™ cells. In some embodiments, the isolated population
of cells or the composition contains at least 55% of CD42b™ CD61" DNA™ cells. In some
embodiments, the isolated population of cells or the composition contains at least 65% of
CD42b” CD61" DNA" cells. In some embodiments, the isolated population of cells or the
composition contains at least 60% of CD42b™ CD61" DNA cells. In some embodiments,
the isolated population of cells or the composition contains at least 70% of CD42b™ CD617
DNA" cells. In some embodiments, the isolated population of cells or the composition
contains at least 75% of CD42b" CD61" DNA™ cells. In some embodiments, the isolated
population of cells or the composition contains at least 80% of CD42b™ CD61" DNA™ cells.
In some embodiments, the isolated population of cells or the composition contains at least

85% of CD42b™ CD61" DNA™ cells. In some embodiments, the isolated population of cells
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or the composition contains at least 90% of CD42b" CD617 DNA™ cells. In some
embodiments, the isolated population of cells or the composition contains at least 95% of
CD42b™ CD61" DNA™ cells. In some embodiments, the isolated population of cells or the
composition contains at least 98% of CD42b" CD61" DNA™ cells.

In some embodiments, the isolated population of cells or the composition contains
at least 50% of CD42b™ CD41" CD61" DNA™ cells. In some embodiments, the isolated
population of cells or the composition contains at least 55% of CD42b™ CD41" CD61"
DNA" cells. In some embodiments, the isolated population of cells or the composition
contains at least 65% of CD42b" CD41" CD61" DNA cells. In some embodiments, the
isolated population of cells or the composition contains at least 60% of CD42b* CD41"
CD61" DNA" cells. In some embodiments, the isolated population of cells or the
composition contains at least 70% of CD42b" CD41" CD61" DNA™ cells. In some
embodiments, the isolated population of cells or the composition contains at least 75% of
CD42b™ CD417 CD61" cells. In some embodiments, the isolated population of cells or the
composition contains at least 80% of CD42b" CD41" CD61" DNA™ cells. In some
embodiments, the isolated population of cells or the composition contains at least 85% of
CD42b™ CD41" CD617 DNA cells. In some embodiments, the isolated population of cells
or the composition contains at least 90% of CD42b" CD417 CD61" DNA" cells. In some
embodiments, the isolated population of cells or the composition contains at least 95% of
CD42b™ CD41" CD61" DNA"cells. In some embodiments, the isolated population of cells
or the composition contains at least 98% of CD42b™ CD41" CD61" DNAcells.

In some embodiments, the isolated population of cells or the composition contains
at least 50% of CD42b™ CD42a” CD61" DNA"cells. In some embodiments, the isolated
population of cells or the composition contains at least 55% of CD42b™ CD42a" CD61"
DNA*cells. In some embodiments, the isolated population of cells or the composition
contains at least 65% of CD42b™ CD42a” CD61"DNA"cells. In some embodiments, the
isolated population of cells or the composition contains at least 60% of CD42b™ CD42a”"
CD61" DNA"cells. In some embodiments, the isolated population of cells or the
composition contains at least 70% of CD42b™ CD42a” CD61" DNA'cells. In some
embodiments, the isolated population of cells or the composition contains at least 75% of
CD42b™ CD42a” CD61" DNA™cells. In some embodiments, the isolated population of cells
or the composition contains at least 80% of CD42b* CD42a” CD61" DNA cells. In some

embodiments, the isolated population of cells or the composition contains at least 85% of
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CD42b™ CD42a” CD61" DNA™cells. In some embodiments, the isolated population of cells
or the composition contains at least 90% of CD42b™ CD42a” CD61" DNA cells. In some
embodiments, the isolated population of cells or the composition contains at least 95% of
CD42b™ CD42a” CD61" DNA™ cells. In some embodiments, the isolated population of
cells or the composition contains at least 98% of CD42b™ CD41" CD61" DNA cells.

In some embodiments, the isolated population of cells or the composition contains
at least 50% megakaryocytes having ploidy of 4N or greater. In some embodiments, at
least 50% megakaryocytes have ploidy 4N-16N. In some embodiments, at least 60%
megakaryocytes have ploidy 4N-16N. In some embodiments, at least 70% megakaryocytes
have ploidy 4N-16N. In some embodiments, at least 80% megakaryocytes have ploidy 4N-
16N. In some embodiments, at least 90% megakaryocytes have ploidy 4N-16N. In some
embodiments, the isolated population of cells or composition contains megakaryocytes
having a mean ploidy of 4N.

In some embodiments, the isolated population of cells or the composition contains
a proplatelet, preplatelet or platelet generated from a megakaryocyte of the present
disclosure. In some embodiments, the proplatelet, preplatelet or platelet is a CD42b"
CD61" DNA" cell. In some embodiments, the megakaryocyte is produced in vitro by
differentiation of hiPSC cell or cell line.

In some embodiments, the megakaryocytes produced by the methods described
herein comprise one or more of the following: (a) content of MK granules by
immunofluorescence microscopy: PF4 and VFW for alpha-granules, LAMP-1 and
serotonin for dense-granules; (b) gene expression data: Oct4-, Nanog-, Sox2-, Z{p42-,
Zfpm1+, Nfe2+, Runx1+, Meisl+, Gatal+; (c) have low/no fibrinogen, serotonin, and
LDL, and (d) can uptake fibrinogen, serotonin, and LDL when incubated with plasma.

In some embodiments, the megakaryocytes produced by the methods
described herein have a characteristic expression profile of growth factors, cytokines,
chemokines, and related factors (FIG. 44). In some embodiments, the present disclosure
provides a composition or pharmaceutical composition comprising the instant
megakaryocytes that can include factors such as platelet derived growth factor isoforms
PDGF-AA or PDGF-BB, vascular endothelial growth factor (VEGF), epidermal growth
factor (EGF), basic fibroblast growth factor (FGF-2), hematopoietic growth factors
FIt3L, G-CSF, GM-CSF, interleukins (IL-1RA, IL-8, or IL-16), CXC chemokine family
members CXCL1 (GRO alpha) or CXCL12 (SDF-1), TNF superfamily members sCD40L
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or TRAIL, or CC chemokine family members CCL5 (RANTES), CCL11 (Eotaxin-1),
CCL21 (6CKine) or CCL24 (Eotaxin-2). In some embodiments, the present disclosure
provides a composition or pharmaceutical composition comprising a lysate of instant
megakaryocytes. Such lysates can be prepared by any methods known in the art, such as
by breaking down of the membrane of preMKs or MKs by viral, enzymic, or osmotic
mechanisms that compromise its integrity. The lysates, in some embodiments, may include
additional agents or be prepared in different compositions (liquid, paste etc.) depending on
the needs of specific applications. In some embodiments, such compositions can include
factors such as platelet derived growth factor isoforms PDGF-AA or PDGF-BB, vascular
endothelial growth factor (VEGF), epidermal growth factor (EGF), basic fibroblast growth
factor (FGF-2), hematopoietic growth factors FIt3L, G-CSF, GM-CSF, interleukins (IL-
IRA, IL-8, or IL-16), CXC chemokine family members CXCL1 (GRO alpha) or CXCL12
(SDF-1), TNF superfamily members sCD40L or TRAIL, or CC chemokine family
members CCLS (RANTES), CCL11 (Eotaxin-1), CCL21 (6CKine) or CCL24 (Eotaxin-
2).

Methods of Use

In some embodiments, the instant preMKs and MKs and their components can be a
source of growth factors, such as human growth factors. In some embodiments, such
growth factor can be can be used for cell culture, tissue regeneration, wound healing, bone
regeneration, cosmeceuticals, and hemostatic bandages. In some embodiments, the instant
megakaryocytes or their lysate or compositions thereof can be used in cell culture. In some
embodiments, the instant megakaryocytes or their lysate or compositions thereof can be
used as a cosmeceutical. In some embodiments, the instant megakaryocytes or their lysate
or compositions thereof can be used as a therapeutic agent. For example, the instant
megakaryocytes or their lysate or compositions thereof can be used increase the expansion
of cells ex vivo, improves bone marrow regeneration in vivo, increase tissue regeneration
and vascularization and increases the survival rates of animals in radiation studies.

In some embodiments, the instant preMKs and MKs can be used for generating
platelets to support current transfusions needs (e.g. Surgery, chemotherapy,
pregnancy/birth, trauma). National defense and security initiatives are a high priority
within the United States and represent a large potential market for MK and resulting

products, as a radiation countermeasure. Radiation exposure, such as would occur
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following a nuclear accident or attack, inhibits platelet production. A large radiological
event would trigger an immediate demand for platelets that would deplete existing local
inventory to treat emergency trauma, followed by a sustained demand for platelets in
survivors 6+ days post-exposure. National strategic stockpiles of platelets will become
very important as our military’s preparedness gap shifts from the front lines to the 24-48
hours post-incident when affected populations become thrombocytopenic. The United
States does not maintain an inventory of platelets in the Strategic National Stockpile and
there are no licensed therapeutics that immediately increase platelet counts. The pre-MK
and Mks according to some embodiments, can be used for on-demand platelet production.
The ability to bank pre-MKs for an extended period of time and develop on-demand hiPSC-
platelet production capabilities will enable the establishment of a strategic national
stockpile of hiPSC-platelets that will be critical to meeting this projected need.

Autologous platelet-rich plasma (PRP) supplemented medium has been shown to
nurture microvascular endothelial cells to improve preservation of vascular integrity in
organs perfused for transplantation. Platelets store bioactive factors in secretory granules,
which they acquire from megakaryocytes. Contents include various chemokines and
growth factors, such as platelet derived growth factor isoforms (PDGF-AA, -AB and -BB),
transforming growth factor-b (TGF-b), insulin-like growth factor-1 (IGF-1), brain derived
neurotrophic factor (BDNF), vascular endothelial growth factor (VEGF), epidermal growth
factor (EGF), basic fibroblast growth factor (bFGF or FGF-2), hepatocyte growth factor
(HGF), connective tissue growth factor (CTGF) and bone morphogenetic protein 2, -4 and
-6 (BMP-2, -4, -6). Human platelet lysate dramatically increases the expansion of cells ex
vivo, improves bone marrow regeneration in vivo, and increases the survival rates of
animals in radiation studies. In some embodiments, the present disclosure provides a
composition or pharmaceutical composition comprising a lysate of a proplatelet,
preplatelet or platelet generated from the instant megakaryocytes, wherein such
compositions can include factors such as platelet derived growth factor isoforms PDGF-
AA or PDGF-BB, vascular endothelial growth factor (VEGF), epidermal growth factor
(EGF), basic fibroblast growth factor (FGF-2), hematopoietic growth factors FIt3L, G-
CSF, GM-CSF, interleukins (IL-1RA, IL-8, or IL-16),CXC chemokine family
members CXCL1 (GRO alpha) or CXCL12 (SDF-1), TNF superfamily members sCD40L
or TRAIL, or CC chemokine family members CCL5 (RANTES), CCL11 (Eotaxin-1),
CCL21 (6CKine) or CCL24 (Eotaxin-2).
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Kits

The disclosure provides kits comprising a megakaryocyte or differentiated cell of
the disclosure. In one embodiment, the kit includes a composition comprising an isolated
megakaryocyte. In particular embodiments, the disclosure provides kits for differentiating,
culturing, and/or isolating a megakaryocyte of the disclosure or precursor thereof. In
certain embodiments, the disclosure provides kits for producing platelets.

In some embodiments, the kit comprises a sterile container which contains a cellular
composition; such containers can be boxes, ampoules, bottles, vials, tubes, bags, pouches,
blister-packs, or other suitable container forms known in the art. Such containers can be
made of plastic, glass, laminated paper, metal foil, or other materials suitable for holding
medicaments.

If desired, the kit is provided together with instructions for generating the
megakaryocyte. The instructions will generally include information about the conditions
and factors required differentiating, culturing, and/or isolating megakaryocytes or
precursors thereof. In some embodiments, instructions for producing platelets are included.
The instructions may be printed directly on the container (when present), or as a label
applied to the container, or as a separate sheet, pamphlet, card, or folder supplied in or with
the container.

The practice of the present disclosure employs, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant techniques),
microbiology, cell biology, biochemistry and immunology, which are well within the
purview of the skilled artisan. Such techniques are explained fully in the literature, such
as, “Molecular Cloning: A Laboratory Manual”, second edition (Sambrook, 1989);
“Oligonucleotide Synthesis” (Gait, 1984); “Animal Cell Culture” (Freshney, 1987),
“Methods in Enzymology” “Handbook of Experimental Immunology” (Weir, 1996),
“Gene Transfer Vectors for Mammalian Cells” (Miller and Calos, 1987); “Current
Protocols in Molecular Biology” (Ausubel, 1987); “PCR: The Polymerase Chain
Reaction”, (Mullis, 1994); “Current Protocols in Immunology” (Coligan, 1991). These
techniques are applicable to the production of the polynucleotides and polypeptides of the
disclosure, and, as such, may be considered in making and practicing the disclosure.
Particularly useful techniques for particular embodiments will be discussed in the sections

that follow.
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The following examples are put forth so as to provide those of ordinary skill in the
art with a complete disclosure and description of how to make and use the assay, screening,
and therapeutic methods of the disclosure, and are not intended to limit the scope of what

the inventors regard as their disclosure.

EXAMPLES

Example 1. Extended production of megakaryocytic progenitors, megakaryocytes
and platelets from clinical grade hiPSC cell lines.

Clinical grade hiPSC cell lines were studied for their potential to differentiate into
megakaryocytes using the directed differentiation protocol in FIG. 2, which is a schematic
showing the time course of differentiation of pluripotent stem cells into megakaryocytes,
with each phase of differentiation (Phase O, I, I, III) indicated. Cell types and cell markers
in Phases O-III are depicted above the timeline. Culture conditions, including media
composition, matrix, temperature and gas conditions, are shown below the timeline.

Different iPSC lines are functionally distinct and in order to truly optimize a
differentiation protocol it is important to identify the optimal clinical grade cell line for the
process. Three clinical grade hiPSC cell lines, termed PBG1, PBG2, and PBG3, were
obtained. PBGI was obtained from the NINDS Human Cell and Data Repository
(NHCDR) depository at NINDS(National Institute of Neurological Disorders and
Stroke)/NIH(National Institutes of Health). PBG1 (NINDS ID: LiPSC-Gr1.1) was derived
from male CD34" cord blood (Lonza). PBG2 and PBG3 were obtained from Fujifilm-
Cellular Dynamics International (F-CDI). PBG2 and PBG-3 were derived, respectively,
from male and female adult blood cells (F-CDI MyCells iPSC ID numbers: 21525 and
21526).

Prior to initiation of differentiation, all three hiPSC lines formed characteristic
colonies when grown on Vitronectin with Essential 8 media (FIG. 3A) and showed
expression of the pluripotency biomarkers OCT4 and NANOG (FIG. 3B, FIG. 13A). The
three clinical grade hiPSC cell lines were directed to differentiate to megakaryocytes using
a multi-phase protocol summarized in FIG. 2. The cells were observed at various time
points during directed differentiation (FIGS. 4A-4D). Differentiation efficiency during
Phase I was initially observed by monitoring expression of CD317, a marker of hemogenic
endothelium (FIG. 5). Differentiation efficiency was similar for 3 hiPSC cell lines during

Phase I. Without being bound by theory, differences seen in megakaryocyte output/quality
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later during differentiation process did not always correlate with differentiation efficiency
in Phase I. In Phase II, further differentiation towards megakaryocytic progenitors was
observed by monitoring the production of CD41°CD43" cells (FIG. 6A). Notably, for
some of the clinical grade cell lines, the production of megakaryocytic progenitors during
Phase II extended longer (up to 17 days) compared to previous methods using different
hiPSC cell lines (FIG. 6B). Cumulative yields were especially robust for PBG-1 and PBG-
2 iPSCs and showed some variability between independent differentiations (FIG. 6C).
When the cells were transitioned to Phase III of the directed differentiation protocol,
expression of CD42b" increased over Days 1-5 and at Day 4-5 the percentage of CD41"
cells expressing CD42b™ was at least about 80% (FIG. 7A). Phase III cells obtained from
the 3 clinical grade iPSC lines were analyzed by light microscopy, immunofluorescence
microscopy, and electron microscopy, which revealed that PBG1 and PBG2 exhibited
features consistent with that of mature megakaryocytes, including size, morphology,
proplatelet extensions, megakaryocyte-specific protein expression, and ultrastructure

(FIGS. 7B-7C, FIGS. 8A-8E).

Example 2. Large-scale expansion of pluripotent PBG-1 cells.

Prior to differentiation, pluripotent PBG-1 expansion is required to produce the
large number of cells required for a high-density seed bank, as well as generate sufficient
cell numbers to initiate differentiation at an appropriate scale for clinical production. PBG-
1 can be maintained and expanded in 2D cultures using recombinant vitronectin (VTN),
plus animal component free (ACF), cGMP compatible reagents such as Essential 8,
NutriStem, or StemFlex. Characteristic colony growth and maintenance of pluripotency
markers were observed for all three growth conditions (FIGS. 9A-9C, FIGS. 10A-10C). To
enable large-scale expansion, PBG-1 cells were harvested from 2D cultures as single cells
using TrypLE and allowed to self-aggregate in stirred 3D vessels, in this case a 300ml
DasBOX mini bioreactor system. For the first 24 hours, ROCK inhibitor such as Y27632
was added to the cells to promote cell survival during initial aggregation Over 6-7 days in
a stir tank, the resulting spheroids increased their diameter from 50 to 250 microns and the
overall cell density increased up to 40-fold within that period of time (FIGS. 11A-11C).
PBG-1 cells grown in this manner could be passaged repeatedly, and maintained their
pluripotency for at least 4 consecutive rounds of expansion (FIGS. 12A-12B, FIG. 13B),
and maintained a normal karyotype (FIG. 14).
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Example 3. In-depth characterization of PBG-1 directed differentiation to preMKs
and MKs using Collagen IV matrix in 2D culture vessels

When harvested with 0.5mM EDTA and plated as small clumps onto 4.2 ug/cm?
human Collagen IV, PBG-1 cells exhibit a characteristic set of morphological changes
through the course of 6 days of Phase I differentiation (FIG. 15). At the end of Phase [, a
representative well is harvested as single cells using Accutase and assessed by flow
cytometry for the hemogenic endothelial markers CD31 and CD34 (FIG. 16A). Over
multiple independent PBG-1 differentiations (n=41), the average day 6 differentiation
efficiency was determined to be approximately 40% CD31+ (range: ~20-60%) and
approximately 30% CD31+CD34+ (range ~15%-45%) (FIG. 16B).

Within 2-3 days after initiation of Phase II (i.e. day 6+2 to 6+3), small, round,
refractile cells appear within the adherent hemogenic endothelial cells and are eventually
released into the supernatant above the adherent hemogenic endothelial monolayer
(FIG.17A). These released cells contain preMKs, as defined by cell surface expression of
CD43 and CD41 and lacking expression of CD14 (FIG. 17B, FIG. 17C). These floating
and weakly attached Phase II cells that appear on top of the adherent cell layer are harvested
daily by gentle rinsing and collection of the medium into conical tubes, and are analyzed
daily for expression of CD43, CD41, and CD14. The purity of the released cells is low for
the first several days of Phase II and plateaus thereafter, with an average peak preMK purity
of 50-60% by day 6+6 (FIG. 18A). CD14+ myeloid cells are not major contaminants in
PBG-1 directed differentiation cultures for the first 6-7 days of Phase I, although there is
some variability thereafter (FIG. 18B). The kinetics of preMK production peaks at day 6+6
and 6+7, on average, and decreases thereafter (Fig. 19A). Over multiple independent PBG-
1 differentiations (n=41), the average cumulative preMK (CD43+CD41+CD14-) yield was
determined to be approximately 1 million per well (range: 0.1 to 3.3 million) (FIG. 19B).

When preMKs from these cultures are transferred to Phase III conditions, they
differentiate into mature MKs within several days. Cells that are initially uniformly small,
round, and refractile (FIG. 20A) begin to increase in size by day 2-4 (FIG. 20B and FIG.
20C). Simultaneously, proplatelet-producing MKs can be readily observed (FIG. 20C and
FIG. 20D). By 3-4 days of Phase III, the proportion of CD61" (megakaryocytic lineage)
cells co-expressing the mature MK markers CD42a and CD42b are determined by FACS
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(FIG. 21A and FIG. 21B) and the purity of mature MKs (CD61+CD42a+CD42b+ cells)
can reach levels as high as 70-90% of all nucleated cells in the culture (FIG. 21C).

Example 4. Recombinant Laminin521 can replace Collagen IV to support directed
differentiation of PBG-1 into MKs.

Collagen 1V is purified from human placental material and is only available as a
Research Use Only reagent. Therefore, Collagen IV is not compatible with ¢cGMP
production of PBG-1 derived megakaryocytes, and an alternate strategy must be developed
before these cells can be employed for clinical use. One potential solution is to replace the
Collagen IV with a recombinant matrix component that is produced from recombinant
sources. Here, it is shown that recombinant Laminin-521 can be utilized as a suitable
alternative to Collagen IV for directed differentiation of iPSCs to MKs. PBG-1 clumps
generated by harvesting with 0.5 mM EDTA exhibited the same characteristic set of
morphological changes through the course of 6 days of Phase I differentiation on 0.13
ug/cm? of recombinant Laminin-521 as on 4.2 ug/cm* human Collagen IV (FIGS. 22A-
22B). When transitioned to Phase II, the Laminin-521 cultures produced similar yields and
purities of preMKs as the corresponding Collagen IV cultures (FIGS. 23A-23C). Upon 3
days of additional differentiation, the cells in Phase III showed similar size, morphology,
and propensity for proplatelet production, regardless of whether they were generated on
Collagen IV or Laminin-521 (FIGS. 24A-24B). The proportion of CD61" (megakaryocytic
lineage) cells co-expressing the mature MK markers CD42a and CD42b were also

measured and found to be similar for cells generated on either matrix (FIGS. 25A-25B).

Example S. WNT modulators can affect Phase I and II differentiation efficiency.
WNT signaling is important during development The GSK3 kinase inhibitors
CHIR98014 and CHIR99021 act as WNT agonists. When the Phase I differentiation
conditions described herein (using Laminin 521 matrix) were augmented with 0.6uM
CHIR98014 or 6uM CHIR99021 for the first 48 hours of differentiation only, a dramatic
increase in Phase I differentiation efficiency was observed at day 6, as determined by
immunofluorescence staining of CD31 and CD34 (FIGS. 26A-26C). The control and
CHIR98014 cultures were then transitioned to Phase II, where the production and release
of preMKs were tracked by immunofluorescence staining of CD41 and CD43. Visual
estimation of the number of CD41+ cells suggests that the higher Phase I efficiency

41



10

15

20

25

30

CA 03087344 2020-06-29

WO 2019/136318 PCT/US2019/012437

engendered by WNT modulators in the first 48 hours can correspond to a higher output
during Phase II (FIGS. 27A-27B). Therefore, a short period of addition of WNT modulators

can impact differentiation efficiency throughout subsequent differentiation phases.

Example 6. Packed bed bioreactor with Laminin 521-coated macrocarriers.

To enable yields required for clinical production of megakaryocytes and platelets,
it 1s crucial to transition the entire differentiation process from small-scale tissue culture
plasticware (2D, matrix dependent) to a 3D scalable solution. Here, we provide evidence
that a Laminin 521-coated PTFE macrocarrier in the shape of a Imm Raschig ring can
provide support for the differentiation of PBG-1 cells and that this macrocarrier material
would be amenable for use in a packed bed bioreactor, as illustrated in the schematic (FIG.
28). PTFE rings were first incubated overnight on a rocker at 4°C with 1.25 ug/ml Laminin-
521. Before use, the PTFE rings were equilibrated in a 6-well plate with Essential 8 media
plus H1152, a ROCK inhibitor. Pluripotent PBG-1 iPSCs were harvested using 0.5mM
EDTA, resuspended Essential 8 media plus H1152, and seeded as clumps onto the PTFE
rings. Every 10 minutes, the plate was run for 30 seconds at 75rpm on an orbital shaker.
After 1 hour, the plate was shaken continuously at 75rpm overnight. 24 hours later, 90% of
the media was removed and replaced with Phase I media, with daily media exchanges.
During Phase I, the PBG-1 cells exhibited growth areas on the inside of the Raschig rings
(FIG. 29), and the growth areas developed similar morphological characteristics to those
seen in 2D cultures (FIG. 22). Flow cytometric analysis of these cells indicated a high
proportion of hemogenic endothelial cells, with ~80% of the cells expressing CD31, with
more than half of those cells double positive for CD34+ (FIG. 31A). Upon switching to
Phase II media and initiating half daily media exchanges, the morphology changed from a
generally flat colony to a 3D spheroid-type structure, although it should be noted these
structures were still attached to the Laminin 521 coating on the inside of the ring-shaped
macrocarrier (FIG. 30). Cells that were released during Phase II had a high preMK content
even as early as Day 6+2, with ~75% of the cells co-expressing CD43 and CD41 (FIG.
31B), a purity that compares favorably to 2D matrix-dependent cultures (Fig. 18A). Cells
released at day 6+3 were collected and cultured for an additional 3 days in Phase III media
in an ultra-low-adherent plate, and ~80% of these cells co-expressed CD61 and CD42b
(FIG. 31C), indicating that efticient MK differentiation had occurred. Such macrocarriers

are amenable for use as material for a packed bed bioreactor in which initial differentiation
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of iPSCs to hemogenic endothelium (i.e. Phase I of directed differentiation), as well as the
further differentiation and release of preMKs (i.e. Phase II of directed differentiation) could
occur in the same vessel (FIG. 28). In this design, a packed bed bioreactor is set up with
Laminin-521 coated macrocarriers freshly seeded with pluripotent PBG-1 iPSCs. The
packed bed is then exposed to a continuous flow of media to enable Phase I differentiation
to hemogenic endothelium. After percolating through the packed bed, the media would be
circulated through a conditioning chamber, where fresh media components would be added,
and oxygen/CO2 concentrations would be adjusted via sparging or other means before the
media would be recirculated to the cells. At the completion of Phase I, the media would be
switched to allow Phase II differentiation and production and release of preMKs.
Appropriately sized and shaped macrocarrier substrates such as the I1mm Raschig rings
would enable sufficient media flow and channel width to enable the released cells to
percolate through the packed bed and out of the reactor for collection and cryostorage. This
design decreases the shear forces experienced by the cells, allows for efficient media usage
due to its perfusion based design, and enables the continuous collection of preMKs as they

are released.

Example 7. Self-aggregating iPSC-derived spheroids in a stir tank bioreactor
Another example of a scalable 3D solution involves performing differentiations
using self-aggregating spheroids suspended in stirred or shaken ultra-low-adherent vessels
(FIG. 32). In this example, pluripotent PBG-11PSCs were dissociated into single cells using
TrypLE, resuspended at 0.5-1 million cells/ml in pluripotency maintenance media (such as
Essential 8, Nutristem, StemFlex, other similar media, or combinations thereof) plus H1152
or other ROCK inhibitor, and incubated at 37C, 5%C02, 20%02 in a 6-well ultra low
adherent plate on an orbital shaker at 90rpm, or a spinner flask with constant agitation
(90rpm for 50ml volume in a 125ml spinner flask). Within 24 hours in either system, the
PBG-1 cells self-aggregated to form spheroids approximately 50-150um in diameter (FIG.
33A, also see FIG. 11A for similar example in a different vessel). Agitation was then
paused, and the spheroids were allowed to settle to the bottom of the vessel (approximately
5 minutes). 50%-100% of the media was then exchanged with Phase I differentiation media
to promote the differentiation towards hemogenic endothelium, and agitation was resumed,
with incubation in hypoxic conditions (37C, 5% CO2, 5%02). Media exchanges were
similarly performed on a daily basis for a total of 6 days (4 days in 37C, 5% CO2, 5%02,
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followed by 2 days in 37C, 5% CO2, 20%02), during which time the spheroids grew larger
and developed characteristic structure and shape by day 6 (FIG. 33A). When a sample of
these spheroids at day 6 were dissociated and assessed by flow cytometry, ~44% of the
cells were found to express the hemogenic endothelial markers CD31 and CD34 (FIG.
33B), a purity that compared favorably to 2D matrix-dependent cultures (FIG.16B). To
transition to Phase II, agitation was paused and the spheroids were allowed to settle to the
bottom of the vessel (approximately 5 minutes). 50-100% of the media was then exchanged
with Phase II differentiation media to promote the differentiation and release of suspension
cells (FIG. 34A). On a daily basis thereafter, suspension cells were collected and a partial
media exchange was performed. To do this, agitation was paused and the hemogenic
endothelial spheroids were allowed to settle to the bottom of the vessel (approximately 5
minutes). Approximately 80% of the media (together with the suspension cells) was
collected, and centrifuged. Half the working volume of fresh Phase II differentiation media
was added to the spheroids, along with a sufficient volume of conditioned media (i.e.
supernatant post-centrifugation) to restore the original working volume. The remaining
supernatant was then discarded, with a portion of the cell pellet used for FACS analysis
(FIG. 34B), and the remainder cryopreserved or transferred to Phase III for maturation to
mature MKs. Flow cytometric analysis of the suspension cells revealed that the majority of
the cells released between days 6+2 and 6+6 co-expressed the preMK markers CD43 and
CD41 (FIG. 34B, FIG. 34C). Overall preMK purities and yields from 3D self-aggregating
spheroid cultures (FIG. 34C, FIG. 34D) compared favorably to purities and yields from 2D
cultures (FIG. 18A, FIG. 19A). Upon transition to static Phase III cultures, preMKs from
3D self-aggregating spheroid cultures generated similar MK purities as preMKs from 2D
culture systems (FIGS. 35A-35C). Furthermore, Phase III differentiation cultures generated
from 3D self-aggregating spheroid cultures contained cells that increased dramatically in
size and were able to generate proplatelets (FIG. 36), consistent with their identity as bona

fide megakaryocytes.

Example 8. Detailed characterization of PBG1 iPSC-derived megakaryocytes
Megakaryocytes generated using the methods described herein demonstrate many
features associated with functional mature MKs, including when imaged by

immunofluorescence microscopy for the MK-specific protein beta-1-tubulin (FIG. 37), as
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well as proteins associated with alpha-granules (PF4 and VWF, FIGS. 38A-38F) and dense
granules (LAMP1 and serotonin, FIGS. 39A-39F). Electron microscopy images of PBG1-
derived MKs reveal characteristic ultrastructural features, including multivesicular bodies,
glycogen granules, and an invaginated membrane system (FIGS. 40A-40D). Gene
expression analysis revealed the downregulation of pluripotency genes such as OCT4 (FIG.
41A) and upregulation of megakaryocyte lineage genes, such as NFE2 (FIG. 41B). Similar
analyses were performed on a panel of relevant genes, and the results of this analysis are
consistent with the loss of a pluripotent stem cell signature and the acquisition of a
megakaryocyte signature (FIG. 41C).

When compared to primary megakaryocytes (natural product) derived from bone
marrow CD34", peripheral blood CD34", or cord-blood CD34" cells, PBG1-derived MKs,
it was found that PBG1 iPSC- derived MKs had a similar average size (FIGS. 42A-42C),
yet a characteristic lower ploidy distribution (FIGS. 43A-43B), compared to primary
megakaryocytes (natural product) derived from CD34" bone marrow, peripheral blood, or
cord-blood stem cells (FIG. 42C, FIG. 43B). PBGI1 hiPSC derived megakaryocytes also
had a characteristic growth factor, cytokine, and chemokine expression profile of factors
similar to that present in human platelets, including the presence of multiple factors not
previously reported in megakaryocytes (FIG. 44). To prepare the data, hiPSC-MK at 25
million/mL in 1X PBS were lysed by freezing the cells at -800C overnight and then thawed
at 370C. This freeze/thaw cycle was repeated 4 times. The resulting suspension was filtered
using a 0.22um syringe filter. Lysates were tested for a select panel of growth factors,
cytokines, and chemokines using multiplexing laser bead technology (Eve Technologies).
Data was corrected for background (PBS, which was processed similarly as hiPSC-MK),
then compared to commercially available human platelet lysate (HPL), fresh MK
differentiation media (used in the final stage of differentiation), and Conditioned Media,
i.e. MK differentiation media removed from hiPSC-MK before lysis. While a strong
overlap was observed between hiPSC-MK and HPL, there were also several proteins
measured in hiPSC-MK that were not previously described in megakaryocytes or platelets
(as indicated by “7).

The results described herein demonstrate a robust process for generating clinical
grade human iPSC-derived megakaryocytes. Human iPSC-derived megakaryocytes can be
isolated and concentrated for further characterization or use in downstream applications,

such as the generation of human platelets (FIGS. 45A-45C).

45



10

15

20

25

30

CA 03087344 2020-06-29

WO 2019/136318 PCT/US2019/012437

Other Embodiments

As described herein, the present disclosure features compositions and methods for
producing megakaryocytic progenitors and megakaryocytes. In one aspect, the disclosure
provides a megakaryocyte or megakaryocytic progenitor differentiated from a clinical
grade hiPSC cell or cell line. In some embodiments, the present disclosure provides an
isolated population of cells comprising the megakaryocyte or megakaryocytic progenitor
according to any aspect delineated herein. In some embodiments, the present disclosure
provides a composition comprising a megakaryocyte or megakaryocytic progenitor
according to any aspect delineated herein.

In some embodiments, the disclosure provides a composition or pharmaceutical
composition comprising a lysate of a megakaryocyte according to any aspect delineated
herein. In some embodiments, the disclosure provides a composition or pharmaceutical
composition comprising a lysate of a platelet generated from the megakaryocyte according
to any aspect delineated herein. In some embodiments, the disclosure provides a method of
producing a megakaryocyte, the method comprising differentiating a clinical grade hiPSC
cell or cell line. In various embodiments of any aspect delineated herein, the megakaryocyte
is one or more of CD42b*, CD617, and DNA™. In various embodiments of any aspect
delineated herein, the megakaryocyte has a diameter of about 10-30 um. In certain
embodiments, the megakaryocyte has a diameter of about 10-20 um. In various
embodiments of any aspect delineated herein, the megakaryocyte has a ploidy of at least
4N, 8N, or 16N. In various embodiments of any aspect delineated herein, the
megakaryocytic progenitor is CD14°, CD417, and CD43™. In various embodiments of any
aspect delineated herein, the megakaryocytic progenitor is capable of continuously being
produced to at least day 10 after initiation of differentiation from a hemo-endothelial
progenitor (i.e., Phase II, Day 6+10). In various embodiments of any aspect delineated
herein, the megakaryocytic progenitor is capable of continuously being produced to at least
day 17 after initiation of differentiation from a hemo-endothelial progenitor (i.e., Phase II,
Day 6+17). In various embodiments of any aspect delineated herein, the clinical grade
hiPSC cell or cell line is selected from the group consisting of PBG1, PBG2, and PBG3.

In various embodiments of any aspect delineated herein, the isolated population of
cells or the composition contains a platelet generated from a megakaryocyte of the

disclosure. In various embodiments of any aspect delineated herein, the isolated population
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of cells or the composition contains at least 50% CD42b™ of CD417 CD61" cells. In various
embodiments of any aspect delineated herein, the isolated population of cells or the
composition contains at least 50% megakaryocytes having ploidy of 4N or greater. In
certain embodiments, at least 50% megakaryocytes have ploidy 4N-16N. In various
embodiments of any aspect delineated herein, the isolated population of cells or
composition contains megakaryocytes having a mean ploidy of 4N or greater.

From the foregoing description, it will be apparent that variations and modifications
may be made to the disclosure described herein to adopt it to various usages and conditions.
Such embodiments are also within the scope of the following claims.

The recitation of a listing of elements in any definition of a variable herein includes
definitions of that variable as any single element or combination (or subcombination) of
listed elements. The recitation of an embodiment herein includes that embodiment as any
single embodiment or in combination with any other embodiments or portions thereof.

All patents and publications mentioned in this specification are herein incorporated
by reference to the same extent as if each independent patent and publication was

specifically and individually indicated to be incorporated by reference.
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CLAIMS:

What is claimed is:

1. A method for megakaryocyte production comprising:

expanding pluripotent stem cells under low adherent or non-adherent conditions and
under agitation wherein expanded pluripotent stem cells form self-aggregating
spheroids;

differentiating the pluripotent cells in a first culture medium into hemogenic
endothelial cells;

differentiating the hemogenic endothelial cells in a second culture medium into

megakaryocytic progenitors.

2. The method of claim 1, wherein the differentiating the pluripotent cells into

hemogenic endothelial cells is carried out under adherent conditions on a matrix.
3. The method of claim 2, wherein the matrix comprises Laminin.
4. The method of claim 2, wherein the matrix is attached to a 2-dimensional surface.
5. The method of claim 2, wherein the matrix is attached to a 3-dimensional structure.
6. The method of claim 1, wherein the differentiating the pluripotent cells into
hemogenic endothelial cells is carried out under low-adherent or non-adherent
conditions to enable the hemogenic endothelial cells to self-aggregate.
7. The method of claim 1 wherein the first culture medium comprises one or more of
Bone morphogenic protein 4 (BMP4), Basic fibroblast growth factor (bFGF), and

Vascular endothelial growth factor (VEGF).

8. The method of claim 7 wherein the first culture medium further comprises a WNT

modulator.

48



10

15

20

25

30

CA 03087344 2020-06-29

WO 2019/136318 PCT/US2019/012437

10.

11.

12.

13.

14.

15.

The method of claim 1 wherein the second culture medium comprises one or more
of Stem cell factor (SCF), Thrombopoietin (TPO), Fms-related tyrosine kinase 3
ligand (FIt3-L), Interleukin-3 (IL-3), Interleukin-6 (IL-6) and Heparin.

The method of claim 1 wherein the pluripotent stem cells are human induced

pluripotent stem cells.

The method of claim 1 further comprising the step of harvesting and dissociating

the expanded pluripotent stem cells.

The method of claim 1 further comprising the step of seeding the megakaryocytic
progenitors onto a non-adherent surface in a culture medium before differentiating

the megakaryocytic progenitors into megakaryocytes.

The method of any one of claims 1-12 further comprising the step of differentiating

the megakaryocytic progenitors in a third culture medium into megakaryocytes.

The method of claim 13 wherein the third culture medium comprises one or more
of Stem cell factor (SCF), Thrombopoietin (TPO), Interleukin-6 (IL-6), Interleukin-
9 (IL-9) and Heparin.

A method for megakaryocyte production comprising;

differentiating pluripotent cells in a first culture medium into hemogenic endothelial

cells; and

differentiating the hemogenic endothelial cells in a second culture medium into

megakaryocytic progenitors,

wherein at least one of the differentiating the pluripotent cells and the differentiating

the hemogenic endothelial cells is carried out on a matrix coated 3-dimensional

structure.

16.

17.

The method of claim 15 wherein the 3-dimensional structure is a microcarrier.

The method of claim 15 wherein the 3-dimensional structure is a microcarrier.
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18.

19.

20.

21.

22.

23.

24.

25.

26.

The method of claim 15 wherein the matrix comprises laminin.

The method of claim 15 wherein the first culture medium comprises one or more of
Bone morphogenic protein 4 (BMP4), Basic fibroblast growth factor (bFGF), and
Vascular endothelial growth factor (VEGF).

The method of claim 15 wherein the first culture medium further comprises a WNT

modulator.

The method of claim 15 wherein the second culture medium comprises one or more
of Stem cell factor (SCF), Thrombopoietin (TPO), Fms-related tyrosine kinase 3
ligand (FIt3-L), Interleukin-3 (IL-3), Interleukin-6 (IL-6) and Heparin.

The method of claim 15 wherein the pluripotent stem cells are human induced

pluripotent stem cells.

The method of claim 15 further comprising expanding the pluripotent stem cells on

the matrix coated 3-dimensional structure.

The method of any one of claims 15-23 further comprising the step of differentiating

the megakaryocytic progenitors in a third culture medium into megakaryocytes.

The method of claim 24 wherein the third culture medium comprises one or more
of Stem cell factor (SCF), Thrombopoietin (TPO), Interleukin-6 (IL-6), Interleukin-
9 (IL-9) and Heparin.

A method for megakaryocyte production comprising;

differentiating pluripotent cells in a first culture medium into hemogenic endothelial

cells; and

differentiating the hemogenic endothelial cells in a second culture medium into

megakaryocytic progenitors,
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wherein at least one of the differentiating the pluripotent cells and the differentiating

the hemogenic endothelial cells is carried out under low-adherent or non-adherent

conditions to enable the cells to self-aggregate.

27.

28.

29.

30.

31.

32.

33.

34.

35.

The method of claim 26 wherein the first culture medium comprises one or more of
Bone morphogenic protein 4 (BMP4), Basic fibroblast growth factor (bFGF), and
Vascular endothelial growth factor (VEGF).

The method of claim 27 wherein the first culture medium further comprises a WNT

modulator.

The method of claim 26 wherein the second culture medium comprises one or more
of Stem cell factor (SCF), Thrombopoietin (TPO), Fms-related tyrosine kinase 3
ligand (FIt3-L), Interleukin-3 (IL-3), Interleukin-6 (IL-6) and Heparin.

The method of claim 26 wherein the pluripotent stem cells are human induced

pluripotent stem cells.

The method of any one of claims 26-30 further comprising the step of differentiating

the megakaryocytic progenitors in a third culture medium into megakaryocytes.
The method of claim 31 wherein the third culture medium comprises one or more
of Stem cell factor (SCF), Thrombopoietin (TPO), Interleukin-6 (IL-6), Interleukin-

9 (IL-9) and Heparin.

A composition comprising megakaryocytic progenitors produced by any one

method of claims 1-12, 15-23 or 26-30.

A composition comprising a lysate of megakaryocytic progenitors produced by any

one method of claims 1-12, 15-23 or 26-30.

A composition comprising megakaryocytes or a lysate of megakaryocytes produced

by any one method of claims 13, 14, 24, 25, 31 or 32.
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36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

The composition of claim 35 wherein the megakaryocyte is CD42b*, CD617, and
DNA™

A composition comprising megakaryocytes or a lysate of megakaryocytes produced

the method of claim 13.

The composition of claim 37 wherein the megakaryocyte is CD42b*, CD617, and
DNA™

A composition comprising megakaryocytes or a lysate of megakaryocytes produced

by the method of claim 14.

The composition of claim 39 wherein the megakaryocyte is CD42b*, CD617, and
DNA™

A composition comprising megakaryocytes or a lysate of megakaryocytes produced

by the method of claim 24.

The composition of claim 41 wherein the megakaryocyte is CD42b*, CD617, and
DNA™

A composition comprising megakaryocytes or a lysate of megakaryocytes produced

the method of claim 25.

The composition of claim 43 wherein the megakaryocyte is CD42b*, CD617, and
DNA™

A composition comprising megakaryocytes or a lysate of megakaryocytes produced

by the method of claim 31.

The composition of claim 45 wherein the megakaryocyte is CD42b*, CD617, and
DNA™
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47. A composition comprising megakaryocytes or a lysate of megakaryocytes produced

by the method of claim 32.

48. The composition of claim 47 wherein the megakaryocyte is CD42b™, CD617, and
DNA™

53



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

1/54

Aep 1>

93esois/uolronpold |1d

shep p-¢

| 958Yd
‘uonelnie|n MIA

shepz1-£

|1 @seyd
‘aseajad YN aid

PRIk

Supjueq + Mead

| 9seyd
‘UOI1BIIUBIBHIP IH

shep /-9

0 aseyd
‘uoisuedx3 Jsd!

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

2/54

J1l1se|d usiaypy MmoT-24)N

‘00 %L D,6€

6-11 ‘9-11 408 ‘OdL
uleday 4oy uedswals

i 3seyd

3Ad0hiexesap

+q¢vad
+8¢vad
+790d2

¢ DOl
(aueuiqodal)
(ueulgwodal) Tzg uiutwe] Jo Al uafe|jo) uewny

uasAxXo mo S xe|dwals
o

Z w1 10

9T ‘€11 1€H4 90 ‘OdL 1949 493N vdINg ™~ waistny
‘ueday ‘z 13dV 441qwisas 40V uedswalg ‘glenusssy
w
o~
L
—
i1 9seyd | 9seyd 0 9seyd uoisuedxe M
JSd! —
8+ S+ b+ €+ 9 0 T- —
m
Aeg T
payoeny wn

+v€Ad
+T€dD

ej|aylopua J1uaSowaH 1192 wa)s juazodunid

W
o
-
W

+EPQD
-P1Aad
sioyuagosd i [FIPAD

(1uspuadap xiajew ‘ge) uoiielualapig paiadig



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

3/54

13NN
Souep
7190

d¢ DOl

€94d ¢b4ad 194d

Ve Ol

€54d ¢H4d 1954d

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

4/54

e

9

lii aseyd

1Ad0A1exesan

siojuagoid MIA

GIE]
sJUE)

| aseyd

10pua
OW3aH

.

¢
-

ap

o
e

0 9seyd

l192 Eu#.
walodunid

,

i
9

Dl

g 3

LU

|

>

=

V9Ol -

L

L

I

(V]

LLI

o

o -

=

T

w

) o

9y ol4 2
Aeq

Y 'Old



CA 03087344 2020-06-29

WO 2019/136318 PCT/US2019/012437

5/54

iciency

FIG.5
Phase | differentiation eff
iPSC line

| 1 B
Q (o) o
<

N
S|I92 +1€A0 %

60=

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

6/54

skeqg

L1499 9149 SI49 #1499 €149 TI+9 1149 Ol+9 wL49
kg Keq kg kg kg g g keQ e+9fe g9 deg  Ae@ 949 de@ §+9 Aeq p49 A2q £49 Aeq 749 Aeg

c-0qd \ 00008

0
O
o
000001 +
00005 | m
o
000007 %
\—/ 000057 2
: , g
P, S _ 000008 =
- 1
— 0000S¢ &
o
00000y £
o
00005y
d9 "Sid
€Al
N ﬂ. n._w_snw
i io
=, !
5 S
| ¢ A
= >
. %
o £ N %E7
mm_%mm .._M.w% ¥ [dN-Fi 3 anrs e
,_”m_n___“LJ_ = :_.__Snn_n:__pﬂ_mma, o . _wm,LjL,__j_:_.a:uﬁn_ﬁ_::.mﬁ@ Py ﬁm&m_mm_w_h._m,cm_w.u.mmg.mmcn_ m.wmmw R
B0V iy
V9 'Ol

€94d ¢odd 194d

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

WO 2019/136318 PCT/US2019/012437

7/54

d
o)
=
c
)
S
[
Q.%‘“
X
= (@)
“63 _g e
w‘? O O
=2 © n —
o, o L
5 2 =
O @®
o B
2
ol
1]
o
E
&) %!) ag:) o
= =
X %X

o~ =
l19m 12d S|]99 +¢P+LPAD JO #

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

8/54

s}ajaiejdoud

e

S

uoienualayIp |ii sseyd jo sAeq

AW

lil 8SeYyd ui uoijenjuatolip MIA

Slk

.

=001

1192 +1¥dJ 40 +qgad Juadod

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

9/54

uij

snapnn
ngqny-TJ

uij

snaPINN

nqni-g A

€Ddd

J8

9l

¢94d

d8

Ol

snajny

:__SQSHHHA

194d
V8 5l

SUBSTITUTE SHEET (RULE 26)



WO 2019/136318

CA 03087344 2020-06-29

10/54

L
00
%
bl aasod s[jad Jo Y
o
2
3]
o
[T
-
o
S .,
<3 <
2 =
= s
@
o
=
[+
@
(&)
00
1G] 0 o o o o
~f L] [+ e
TH

anlpsod sppo jo 9

SUBSTITUTE SHEET (RULE 26)

Source of NMiKs

PCT/US2019/012437



PCT/US2019/012437
11/54

CA 03087344 2020-06-29

WO 2019/136318

__ (sawmnsnpujeaidojolg)
_ dXDSdY waisInN

.

. . o

e

(TO-v6rEEY 02q1D)
Xaj{wals

d6 Ol

(T0-0£TSTV 02q1D)
g |efjuassy

V6 Old

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

12/54

J114-TV3SS

£ [ §° ¥ £

860
sod Ty3ss
JdV-4V3iSS
fu gt 0T 0T P
Besatss ¢ _:___..4. ‘_._.:.._ Lo —.::,_.4.. ._::_.
S5 4 5¢0
1D 0
1'c6 0E00E
aanisod ajgnop EOE

(saiu1snpul jeatdojoig)
iXJSdY WwasiiinN

J01 54

i

Wnoen

3d-09-T-BlL

JL14-TVv3SS

oF0
sod Ty3ss
JdV-9v4ssS
hnH mﬁ: mma #n: mmu
| YRR | TR L Ft  TTRE WA [T
TO'E 8¢'T

o

T
| ikkAd}

T

£°56
aanised 3jgnop

£-36LF
£0

| AL LB LR

(To-v6vEEY 00qID)
xm_u_r:mum

d0T 'Ol

noen

3d-09-T-edL

JLI4-TV3SS

¥€0 .
sod Tv¥3ss -
b= O}
JdV-9V3SS
NE ma— ma «.3 m_u—
By | PIYY IR Dusago v o Besotso s _._____
007 £90E o
D vo [
E N
E ot
W 133
£/6 2/00f
aanusod 3|qnop EOE o

(TO-0LTISTV 02qID)
8 |e1juassy

vOT Sl

wnon

1d-09-T-&iL

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/012437
13/54

CA 03087344 2020-06-29

WO 2019/136318

. [sAep] swi] [sAep] swiy

8 L 9 R € z T 0 8 L 9 5 v € w L 0
0 : 8 00+30°0
05 90+307
0ot » 1 90+307 2.
. = <
0stT = i~
) & ; 90+30'9 &
g 00z B M W
e T 90+30'8 =
o s 3 .
A osz 2
ye - . S S e L0430'T
mw,\a O0F 1
ase e L04AT'T
azis piosayds Aisuaq |19) 7T ‘54
JLT 'Ol
wrigoz wripoz wrigoz
VIT ©l4

9 Aeq v Aeq € Aeg T Ae@

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

14/54

.01

90T 0T 40T

adessed i

.01

L PR 1)

TV3ss
o0 0T 40T

ETTEr R o I S T N

TI1°¢

60

) mOH

= @OH

09-1-ell

w,g0T

)

b

« ,0T

19sqns y-3114 Teass

820

SVv3aSssS
0T 0T 0T 50T ¢01T
| T PP THY | SRUTTSPIE 0 PRIPIN TP AP
Sv'e T
10 oy

b
\‘t’x

e
A

«

odessed T

.01

90T

| S TPR T TURP NP O T

1Vv3ass
s0T 40T  ¢0T

Yer g
o
22 '

60

=

30T D

n

50T m
90T
Eo1

L1070
19sqns v-J1id Tesss

-00€

oov

. 00T

00¢

uno)H

0ot

[0}/

d¢1l 'O

VI{Tl 'Ol

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

15/54

93191\

19]oNN

ETRIIN

douep

mo:mz

7-190

¥-120

A

(9344 X1132W)

ac

dtl DOl

UI108UOJLIA)

dcd

veT Ol

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

WO 2019/136318 PCT/US2019/012437

16/54

FIG. 14

Name: P4 Poseidon 2 PBG1 02 Apr2018

Date: 24/04/2018

Case: 018/0123
Result: 46,XY

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

17/54

wrQQ| = 1eqajeds

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

18/54

)
nco )
Y O
S S
xA XY
] g Q
DD
, =02
nal -uhn_..r._m...-"
nimin
O50p” -ov
=09
=08

(1y=u) | eseyd
- uoijenjualaiig payoallqg 1-odd

€91 'Old

(%) Aousionye uonenUaIRIIp | 9seyd

l;lll‘.l 1.;

+

IDARE RS 2540
W__HE mnﬂ moa wow,
m szl .—::... 1  ITTTRR
LZ6T . .
e
FEY
20

LET
0

[LERE
1 i

| LLAEE BLL

w

Illll[l( ¥

a1ed ajqelrluIyiAMM

V91l 'Oid

1]

[T, ]

=
-

134

2dV-1£03

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

WO 2019/136318 PCT/US2019/012437

19/54

preMKs+™

FIG. 17A

Day 6+6

[00um

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

20/54

J2L1 5
2dVv-v1dd
haﬁ mmﬁ mm_,ﬂ
Biatl e Bt oy —.E:__

ESTT
£ .
£ 2'0L
Z0 T

2188 +EpAD 9|qRIA UIYHM

Ll

SLd-Trdo

Wit

| TR

SYANOLE

AB1EDS BPIS

5 133 %mﬂ

+EF00D

Illll] LI ]

lllllll T

IIIIIII T T

21e3 9|qeln Uy

dd-E£+dD

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

WO 2019/136318 PCT/US2019/012437

21/54

%

63(

Days of directed differentiation

ro"o)

6’3’

&

o o
S ¢ e & &

o

D

Xq' X

G"\

FIG. 18B

4

L

1 i 1 1
Q (=] o o
o (3] -

40-

}saatey || aseyd Ul s{92 +¢1d0 %

| || ] ] ]
o (= (= o o
[-e) w <y N

11 @seyd Ul s|192 +¢pAIO+1ydO %

O
N
PR

2
Days of directed differentiation

%
¢ o

o A

» o

D

v

¢ o &

N
an

FIG. 18A

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

22/54

sajealjdal jejusuiiadxs

Il @seld -99d
n_N
e® “. @ 0
oc.oooo ooooooo
o L,01xL
®e
oooo
®e
ooo -0 L X€
®
g0} %¢
®
L0 Lx¥
d61 Dl

(aAnRINWIND 8+9 0} 1+9)
l1om 1od ploik +Lp+eyao

0(

uoneRuaByIp padalip jo sheq

X0 9 9 9 9.9 9 9 9
A A S W

<

V61l Ol

=0
=
L
L 0lxL 2
(1)
4
(1]
jo N
=0l%C
1]
=
£
3
L OLxE =

S11I93 +LydO+eydO

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

23/54

doc¢ ol

syojole|doid

20¢ 5

d0¢

Ol

5

_

1

SUBSTITUTE SHEET (RULE 26)



SHIAI-Uou

CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

24/54

SOIN %TT SN
ainjeww] Jinordode .
%L J1¢ O
+q¢rad+e¢yad+19dad
SMIA @injew
%L
2dV - q¢vad Ja1eas apis
Buat s g —.:_____ [ TR __._ e
CIE -
+UZRAI+ETHAD B

| LA IR oo | AL

%S9'¢6 +qiv+ecyad

d1¢ 5l

- BZvad

OIRE

%9°LL +19AD

| AL LA | SAARE BN

Ty
[ i

TITT T T
] T

V1< Ol

id - 19Ad

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

25/54

Wa/8r €10
TZS ulujwer

d¢¢ Ol

5

——
R 8!
5 2.

=

L
o

e

Fo

s

Vvl O

SUBSTITUTE SHEET (RULE 26)



WO 2019/136318

FIG. 23A

g
1.16

T

o
et

CA 03087344 2020-06-29

26/54

.
i

i

in

Q3
1.22
TTTTT

T
10"

TT TR

5
0”7

CDI4-APC

J1iE-Eva0

o
]

Collagen |V

7
10"

LN RERLI |

1‘D4

s = =4 = [=]
o] [ 2 b = o <
e =t = € e o o]

Id-€vad;

4.2 ug/cm?

SUBSTITUTE SHEET (RULE 26)

Side Scatter

PCT/US2019/012437



WO 2019/136318

FIG.23B

CA 03087344 2020-06-29
PCT/US2019/012437
i
D
<
=] mom E
o' m o'
o = F
e
o
B Lﬁg é_)
=t <<
3 <
o o
r [a)]
- 5 U
[
e
[ v
o
L 4
I (E=3 [F5] g #
[} f) o e} 1=}
BIRER S (€)0]
P
[~
fome R
-+ r
iy 1 B
P [
& & -
13 |
w
[w]
b o
! @
Q
-, O it
(=Y 8
S wvy
o
o
e =
| AL iU LB L L UL ARSI U LESUNS WULRELEN Ll R
ey X i) = il fod e e
=] =3 =1 =] =] - = =)
id-€+AD

Laminin 521
0.13 ug/cm?

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

WO 2019/136318 PCT/US2019/012437

28/54

Collagen IV Laminin 521

FIG. 23C

8x10°-

(eAne|NWIND 8+9 0} {+9)
ssao04d |w Jad pIsif +Ly+£hAD

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

29/54

1¢

S-uluiwer

d¥¢ Sl

A

«

=
o

o

.

-

ﬁm@&w@%

.

.
.

-

-

0

| uadejjo)

Vv Ol

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

30/54

€+9+9 Aep — ||| aseyd

TZS uluiweT

%C'E

SN onoydody
% %19

SHMIA B4n3jepl

%L"0Z
SMIA-UON

peaqa % %0°'C
SHIN a4n3ewiw]

45¢ 'Ol

Al uagdej|o)

%9°G/
SYIA 241N

%0t
sy A dnoydody

%' N
SHIN-UON o
%T'T
%L SHIA 34n1ewiw|

pe=q %

V&< 9l

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

31/54

T€AD

TC0664HIHD
J9¢ Ol

T€dO ¥€AD 19]PNN

¥10864IHD

veEAD
. d9¢ Dl

9 Aep —| aseyd

|043U0)
v9Z 'Old I19]INN

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

32/54

Tvad

v1do

$TAd YAl THAd 19PN

14} diH : 0Ji1uo
0864IHD mvn_u _ J

a,zo4 VLT Ol

t+9 Aep — || aseyd

I3]aNN

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

33/54

vopeasssasdoldn
wiriaead

uojlelu3duUcI
sed isnipy

siuauodwiod
elpawi ppy

N HO1198]00

vebdisad

8¢ Dl

uonew.Io}
wnijayjopua
JjusSoway

| 9seyd

dooj
uoj1e|NaJId3l
elpaiN

(wwt.)
SE]
LLIBICIIBIA,

poleo)] T¢sS
-uujwe

MNas4d
1 9seyd

S|192 wiv1s
juajodiinid

SUBSTITUTE SHEET (RULE 26)

uol1e|nN2I1234
BIP3

Jojoealolg pag payoed :A3alelis
ﬁ.:w—u:wamﬁ Xiileuwl xn_mV Co_um_u:wgwt_h_ —umuuwh_n_



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

34/54

6¢ Ol

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/012437

35/54

CA 03087344 2020-06-29

WO 2019/136318

Tov
T
-

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

WO 2019/136318 PCT/US2019/012437
36/54
= =
& Rl
+ —
o = E 9
) - <
O3 + 3 » e
o O B S
% o
> £= O
0 — —
- E-
o
=
R
1N
N S :wL:-D
+ — S g
O g -
Og > © 4
Sh & e
[(Xs]
—_ = — _ _ — _
O
T FroTrY T FrerrToTeT FrTTTIT T TR
L+#Aas - D14 '
O —
o e =
D Q. a
~—— Q

SUBSTITUTE SKEEEJRULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

37/54

u
Aep 1> shep y-¢ shep g1-£ shep £-9 olsuedx3y
Al 9seyd i1 aseyd 11 @seyd I 9seyd JSd!
uoneaiasaidoAld
pue uolo9|jod eljayiopua
naid J1usSowaH
+qzyad) 2 +PEAD
+BZHdd v +T1€QAD
b | @
+1902 A2 4/ o
- iy -TV3Ss
+09Teil
+9Vv3SS
+O0ONVN
‘@ +7100
voneln +TYaD $98 o/
I1eINIBW A rEvaD L‘QM%
a3eu03s ! N\Nogu
d
pue uondnpoud 14 $|32 wids
asesianysLd jualoduinid

sploJayds paAlap-)Ssd! Suinedaid3e-4as :A3a1ea1s
€ 9 (auspuadapul xijew ‘qg) uonenualag pallalig

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/012437

38/54

CA 03087344 2020-06-29

WO 2019/136318

Jlld - ¥€EAD

Jdv-1€dd

133

%9°EY L
+PE+TEAD N

FFEQIHTEADE ot

de€ Ol

o
-
-
L
-
-

T-Aeq

vee Ol

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

39/54

i

llr._.____ —.E._.__ _.E____ Rudies g

J1lid- TvAdd

wmm

0ET
0

8'5Q
+ERADIHTRAD

dve Ol

ijs

Ad - €vAD

atFSINR4d

iH

Ve Dl

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

40/54

0T+9

et

Jauuids s ayejd yn &

(11 @seyd) uonenuaiayiq Jo >ma
§+9

8+9

L+

9 9

+9

P49

8+9

L+9

ssuuds™ s1eidvin

PISIA

(119seyd) uonenuaiayg jo Aeg

9+9

g+

9

€+9

+9

00+30
SO0+3T
S0+3¢
GO+3€
SO+3av
§0+34
S0+39
S0+3L
S0+38

W/ -yTad+Erad+Irad

%0

%0¢

%0t

%09

Ayund

%08

%00T

+EVPAD+IVAI%

dv¢ Dl

JPe Ol

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

41/54

N 2dV - 4zvad
gt (I K £
[ _._: [ A

| TR | TETR NI,

%L°9L +qZy+eZhdd

1213828 BPIS

| TR T Barti ] g

J1ld- Bevyad

%0-98 +T9db F 90

VSE Dl

id- 794D

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

WO 2019/136318 PCT/US2019/012437

: 42/54
)
o
»
o
©
o
= o o F
~ Q. Qg,
; +
% X /4’9
= v g
o SU8LdEd 0 _
) Q
1] (o) o é
£ o) &
Q. (o}
N ‘?//
) %
m ] 1 1 1 1 V
o. o o o o o o
8 o0 [{o] < N
(s1qe1A JO %) +0Zba0+eZyAD+1900D
S| w0
"a 4
£ 2
Eg
B . £ i
O D3
= 2
£
=R
S

apoptotic

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

43/54

2

-
e
Goan e

v

S

S

S

9¢ Ol

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

44/54

wrlgg = deq aeas

o

1seqluo) =skeyd

I9]oNN

uiingnL

SUBSTITUTE SHEET (RULE 26)



WO 2019/136318

CA 03087344 2020-06-29

45/54

VWEF

FIG. 38C

Nuclei

FIG. 38B

PF

FIG. 38A

FIG. 38F

FIG. 38E

SUBSTITUTE SHEET (RULE 26)

PCT/US2019/012437

Scale bar
25um



CA 03087344 2020-06-29

WO 2019/136318 PCT/US2019/012437

46/54

S
=3
)
o~
1
| .
©
0
Q
S
O
w

Serotonin

FIG. 39F

FIG. 39C

FIG.39B  nuclei
FIG. 39E

LAMP1

FIG. 39A

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

47/54

BHPUCYDOLA
wnynoay
onsejdopul

dov ‘Ol

207 'O

wrz

salpog
JeInoISan-13N|A

d0¥ 'Ol

wrlg

S92 edosdiN
91A00Aie) 39N

»

V0¥ 'Ol

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

WO 2019/136318 PCT/US2019/012437

48/54

FIG.41B
!
Day

NFE2 expression
6)(

1
o
o

100 1

T T
o o
o o
< [a\

500 1

(s8]

eBbueyp pjod

D-P hill

o
Day

FIG. 41A

OCT4 expression
™

1.5 1
1.0
0.5
0.0

aBueyo pjod

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

49/54

(s Bueyos pjoi)Bon

uorleruatapyiqg jo Aeq

0
€ aseyd z9seyd Toseyd aseyd
_ } N e
p+6+9 E£+G+9 TH+G+9 L+G+9 G+9 P +9 9 0
LV 1V ©
. SEL
LXNNY
23 4N
L INd 4z
AW
IX ad
. Zvddz
5 ONV N
. | ZX 0s
- $190

JLy 'O

Qauan

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

50/54

LTT-TCT!LS "966T '|0OIBWSRH [4NT “|B 13 BN 44
v8Y-6/1:T9 "£00T 'SoY J1eIpad “|e 13 JOUSIA-B|OS,

salnog ajAoolieyeba

v:z-_“mumm

(eiusoiad yisy) _

w
8w J06) uepsw
El
[S3E] E)
i | g (sipusosed Uig/)
g jereuosu g g
n
Wg Inpe oz
0sd! 1ogd

abuel Jaddn

$22JN0S JaYy10 Yim uosiedw o) uonRNQqUIsIp ozIS

JZv 'Ol | a¢v 'Ol

01

i
[l
o

(suouoiw) 19)awelq

Vv 'Ol

SUBSTITUTE SHEET (RULE 26)



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

51/54

LTT-TCT:LG "966T |OIeWEH [4NT “|B 13 BIA 4«
v8Y-6/¥:T9 "£00T 'SoY J1BIP3d “|B 13 IDUSIA-B|OS,

apipo| wnipidoid’

Apiojd

o

AW +7EdD 9dIN

]
(o)
N

]
[ae]
<t
(%) sl1@0 +1.909 Jo uoiiodold

AN +PE0D INEY

e AN +PEQD INGS

o

©

A0
SUBSTITUTE SHEET (RULE 26)

s AN-TD8d

1
[
[+2]

S924Nn0S Jusiayip Woil sMA Jo sojyoid Aplojd

(+T90D uo paien) ebs
ast ol _ g0s

VeEY 'Ol



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

52/54

salAcoAieyedaw alnlew o0} saljhdoAseedaw

¥ 5l

MIAFDSIY se awes ayl passadosd sem 1ey3 [041U0D aAleSaU §9d - Sgd

SISA] 240430 YIN-DSdIY WOl PIAOWSL BIPSW - BIPIIA POUOIHIPUOT € 8Seyd

21d wouj uonenuaJayip Jo aseyd 15e| dY3 U} Pasn BIPBW YSal) - RIPAIA € 9SBYd
sa1Ao0AleyeSow panliap-||ad wais 1uslodiun|d paonpur uewny - JAN-3SdIY
o1esA] 19p01e)d uewny - 1dH

1w /3d 00 1>

1w/3d 00°0T-00°'T.

di1sy

#*

pral
9T~
ST-1l

YLT-T

*
*

e1-1
AN

*

£T-1
0LdZT-]

>

sdd
BIP3IA PRUOKIPUO) € 3SEYd
eIPIAl £ 9seyd

MIAFOSAIY

1dH

SUBSTITUTE SHEET (RULE 26)



WO 2019/136318

CA 03087344 2020-06-29

CD41+CD42+
Megakaryocytes

Illlllll T IIIIIIII T T

0

3

(&

e}

[}

s

1+

[:}]

o

=

=2
R Illll|l T T Illll'l T 1 Illllll I. T - \IH.I;]\;
[ o '¥] =+
= = = =

VN@-28ueip yes i)

" Anucleate

PCT/US2019/012437
r-.-‘g <
3 LN
o <t
I O
= L
E 8]
r o
i <
o, g
=T QA
F (@]
o
=
1 I||||||
ot
2
T :
2 ; k-
a | T :
2 - B=E -
© - w0
. &) c ’
. ] ni E
; = E
w8 4 |8 2 g
= T 9 < o e
= v N © [0}
T T O et i -
A s X o! &
i o =i E o b=
- 2 o o = = E
B o) ~ E e
(&)
L e —)
. i
u L
2 B
9 - Rt b
2 =l = -
e o T or
e - B f
-
i

o t~ b=1 [t} <+ &)
e "5 2 2 = =4 =4 =
= =
NV utRde)

SUBSTITUTE SHEET (RULE 26)

']
fas

—

| AR LU LARLEN LU LI L LU | &AL LU LA LU LA | AR

o
—

[=]

—

o’

=y

10

L7

10

11'.14

Forward Scatter



CA 03087344 2020-06-29

PCT/US2019/012437

WO 2019/136318

54/54

1-54d

7w QT ui s18j@1ejd LvOTXT~

0
000002
00000t
000009
000008
000°000°T
000°002°T
000°00¥‘T
000°009°T
000°008°T
000°000C

il @seyd 3ulnq |jom 13d
s19191e(d LAY UIS[eD . ZHAD
+T¥AdD-VNA 40 PIBIA dAlRRINWIND

J57 Ol

d5¥ 'Ol

Ssia|olejd

SUBSTITUTE SHEET (RULE 26)



FIG. 1

iPSC Expansion, HE differentiation, preMK release, MK Maturation,
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