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SYSTEM AND METHOD FOR CONVERTING ADIPOSE DERIVED MESENCHYMAL
STEM CELLS TO HEMATOPOIETIC STEM/PROGENITOR CELLS AND
DIFFERENTIATING INTO BLOOD CELLS AND APPLICATIONS OF SAME

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS
[0001] This application claims priority to and the benefit of U.S. Provisional Patent
Application Serial No. 63/451,269, filed March 10, 2023, which is incorporated herein in its

entirety by reference.

FIELD OF THE INVENTION
[0002] The present disclosure relates generally to the field of biotechnology, and more
particularly to a system and/or a method for converting adipose derived mesenchymal stem cells

(Ad MSCs) to hematopoietic stem/progenitor cells (HS/PC) and differentiating into blood cells.

BACKGROUND OF THE INVENTION
[0003] The background description provided herein is for the purpose of generally presenting
the context of the present invention. The subject matter discussed in the background of the
invention section should not be assumed to be prior art merely as a result of its mention in the
background of the invention section. Similarly, a problem mentioned in the background of the
invention section or associated with the subject matter of the background of the invention section
should not be assumed to have been previously recognized in the prior art. The subject matter in
the background of the invention section merely represents different approaches, which in and of
themselves may also be inventions.
[0004] Recent advancements in stem cell technology using human pluripotent stem cells
(hPSCs) and multipotent mesenchymal stem cells (MSCs) open a new door for patients suffering
from diseases and disorders that have yet to be treated. These cells were first discovered by
Amold L. Caplan et al in mouse bone marrow (BM). Protocols were subsequently established to
directly culture this subpopulation of stromal cells from BM in vitro. Since then, MSCs have
been found in and derived from different human tissue sources, including adipose tissue (AT),
umbilical cord (UC), UC blood, placenta, dental pulp, and amniotic fluid, etc. Among them,
MSCs derived from AT, BM, and UC are the most studied MSCs in human clinical trials. The
percentage of MSCs in BM mononuclear cells ranges from 0.001 to 0.01% following gradient
centrifugation. The number of MSCs in AT is at least 500 times higher than that in BM, with
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approximately 5,000 MSCs per 1 g of AT. To date, 1426 registered clinical trials spanning
different trial phases have used MSCs for therapeutic purposes. As supported by a large body of
preclinical studies and advancements in conducting clinical trials, MSCs have been proven to be
effective in the treatment of numerous diseases, including nervous system and brain disorders,
pulmonary diseases, cardiovascular conditions, wound healing, etc.

[0005] Human AT was first viewed as a passive reservoir for energy storage and later as a
major site for sex hormone metabolism, the production of endocrine factors (such as adipsin and
leptin), and a secretion source of bioactive peptides known as adipokines. It is now clear that AT
functions as a complex and highly active metabolic and endocrine organ, orchestrating numerous
different biological features. In addition to adipocytes, AT contains hematopoietic-derived
progenitor cells, connective tissue, nerve tissue, stromal cells, endothelial cells, MSCs, and
pericytes. MSCs are key elements in the bone marrow niche where they interact with
hematopoietic stem progenitor cells (HSPCs) by offering physical support and secreting soluble
factors, which control HSPC maintenance and fate. In light of HSPC supportive properties,
MSCs have been employed in phase I/II clinical trials of hematopoietic stem cell transplantation
(HSCT) to facilitate engraftment of hematopoietic stem cells (HSCs). Moreover, they have been
utilized to co-culture and expand ex vivo HSCs before clinical use. More recently, several
studies have demonstrated that MSCs display broad and potent immunoregulatory properties
both in vitro and in vivo, which have prompted their clinical uses in the setting of hematopoietic
stem cell transplantation (HSCT), especially for the treatment of immune-mediated
complications.

[0006] Adipose tissue is composed of lipid-filled mature adipocytes and other nonadipocyte
cells, called the stromal vascular fraction (SVF). The SVF is not a fully defined cell population
consisting of various types of cells, including stem cells, which have multiple differentiation
potentials making these cells (MSCs) attractive for tissue engineering and cell therapies. Under
the influence of appropriate growth factors and microenvironmental conditions, they relatively
easily differentiate into chondrocytes and osteocytes. The differentiation potential of these cells,
however, depends on many factors, including the age and sex of the donor, and the anatomical
location of the fat. AD-MSCs isolated from mice were cultured as feeders with Lin-Sca-1*c-kit"
(HSPC) cells from mice for 2 and 5 weeks. In vitro study showed that AD-MSCs had high-
Jagged-1 expression and promoted L.SK cell proliferation; and in vivo study, AD-MSCs
facilitated hematopoietic recovery and promoted the survival of NOD/SCID mice. According to

previous reports, the estimated amount of HSPCs in total adipose tissues would be equivalent to
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approximately 0.2% of that of HSPCs in the total BM. Can Ad-MSCs be used practically as an
alternative resource of HSPCs? So far, Ad-MSCs have not been successfully converted into
functional HSPCs in large-scale for basic research and clinical uses in vitro.

[0007] The human-induced pluripotent stem cell (iPSC) technology was pioneered by Shinya
Yamanaka and Kazutoshi Takahashi, who together showed in 2006 that the introduction of four
specific genes (named Myc, Oct3/4, Sox2 and KIf4), encoding transcription factors could
convert somatic cells into pluripotent stem cells. However, there are still challenges in
reprogramming cells to iPSC, such as low efficiency, genomic insertion, tumorigenicity.
Subsequent to this breakthrough, iPSC generation and culturing systems greatly improved with
respect to delivery of the transgenes (footprint-free), reprogramming conditions (feeder-free,
xeno-free), and the large-scale production and differentiation of iPSCs, leading toward clinical
uses. Although iPSC-derived blood products are promising and a few iPSC-blood derivatives
are entering clinical trials (e.g. T-cells/platelets), there are still various hurdles to overcome for
most of the blood lineages. Progression is somewhat limited by the different protocols and
procedures currently employed within different laboratories, making comparisons difficult. Cell
and gene therapy has been developed significantly during the 21st century. Precision cell therapy
based on autologous cells derived from a patient's own body holds great potential in personalized
medicine. It is indeed expected to be a transformative period for this field. However, precision
autologous cell therapy continues to face a significant challenge due to the lack of reliable
sources, heterogeneity, scalability issues. In one aspect, significant difficulty exists in expanding
hematopoietic stem cells (HSCs) in vitro, which are further compounded by immunogenicity and
poor transgenic efficiency.

[0008] Currently, the most used hematopoietic stem cell therapy is autologous or allogeneic
bone marrow transplantation. However, this treatment often fails to succeed due to the lack of
autologous bone marrow conditions and/or matched allogeneic myeloid sources, as well as the
side effects of allogeneic bone marrow transplantation, such as graft-versus-host disease
(GVHD). Given the potentially serious complications of GVHD following the allogeneic stem
cell transplantation, as well as widespread demand for autologous hematopoietic stem cells,
finding other stem cell sources would be a true breakthrough and urgently needed for clinical
practice.

[0009] Adipose-derived mesenchymal stem cells (Ad MSCs) share many similarities with
mesenchymal stem cells derived from other sources like bone marrow but are harvested from

adipose (fat) tissue. Ad MSCs possess a distinct transcriptome, and have demonstrated long-term
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self-renewal, serial clonogenicity, and multigerm layer differentiation potential. Indeed, in recent
decades, the application of Ad MSCs in regenerative medicine is very active in the fields of
bone, fat, liver, nerve and islet cell regeneration and repair. More than 131 clinical trials of Ad
MSCs have been authorized by the FDA so far. Ad MSCs have rich resources (10-30% of body
weight) and are easily accessible. For example, isolation of Ad MSCs typically involves
collecting adipose tissue through liposuction, which is less invasive and often results in fewer
complications compared to the collection of bone marrow.

[0010] Therefore, a heretofore unaddressed need exists in the art to address the
aforementioned deficiencies and inadequacies, in particular, developing Ad MSCs as a new
resource for deriving hematopoietic stem/progenitor cells (HS/PCs), available directly from
mature adipose tissue which is body's largest resource. The mature adipose tissue not only
bypass the need for embryos, but can be made in a patient-matched manner, which means that
each individual could have their own pluripotent stem cell line. These unlimited supplies of
autologous cells could be used to generate transplants without the risk of immune rejection. And

thus bring a chance of survival to patients’ uncurable disease.

SUMMARY OF THE INVENTION
[0011] In light of the foregoing, this invention discloses a method of producing HS/PCs and
differentiating blood cells from adipose derived mesenchymal stem cells (Ad MSCs). The
method comprises obtaining biologieal celis of a subject; expanding the biological cells;
cbitaining a pure Ad MSCs cell line from the expanded binlogical cells; converting the pure Ad
MSCs cell line into hematopoietic stem/progenitor cells (HS/PCs) in vitro; expanding the
converted HS/PCs in vitro; and obtaining the expanded HS/PCs.
[0012] In one embodiment, the method further comprises differentiating the expanded
HE/PCs toto 2 blood cell line without co~-calture with bone marrow derived HSCs: wherein the
blood cell line comprises at least one of white blood cells (WBC), red blood cells (RBC), and
platelets,
[0013] In one embodiment, the step of converting the pure Ad MSCs call line 1o the
HE/PCs does not use any exogenous genes.
[0014] i one embodiment, the step of converting the pure Ad MSCs cell ling into the
HS/PCs does not use any co-culturing with any other cells.
[0015] In one embodiment, the step of obtaining the pure Ad MSCs cell line comprises

isolating the Ad MSCs single cell line from the biclogical sample; and culturing the Ad MSCs
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single cell Hie.

[0016] in one embodiment, the step of converting the pure Ad MSUs cell ling into the
HS/PCs comprises using & H8/PCs converting kit

[0017] In one embodiment, the HS/PCUs converting kit comprises a basic Ad MSCs cubture
medium; a basic nutrition supplement; and a basic converting supplement mixture.

[0018] In one embodimen, the step of converting the pure Ad MSCs cell Hine into the
HY/PCs comprises preparing a HY/PC-C completely medium by mixing the basic nutrition
supplement and the basic converting supplement muixture o the basic Ad MSCs culture
medivm; adding the HYPC-C completely medium 10 the Ad MSCs single cell line obtained, and
incubating the pure Ad MBCs cell line in the HS/PC-C completely medium for g period of time.
[0019] in one embodiment, the step of converting the pure Ad MSCUs single cell line into the
HS/PCs has a conversion efficiency of more than 10%.

[0020] In one erubodiroent, combined the converted HE/PCs with enhancing system bas a
higher gene transtfection efficiency {about 25-fold higher than that of reguiar with converted
HS/PCs or bone marrow derived).

[0021] o one embodiment, the converted HY/PCs comprises gens carry-on cells or gene
delivery system.

[0022] In another aspect of the invention, a HE/PUs converting kit for converting adipose
derived mesenchymal stem cells {Ad M8Cs) into hematopoistic stem/progenitor cells {HS/PCs)
comyprises a basie Ad MECs colture medium, a basic nutrition supplement; and a basic
converting supplement mixture, wherein the kit converts the Ad MSCs into HY/PCs

[0023] In oune erobodiment, the basic nutrition supplement comprises fotal bovine serum and
horse serum,

[0024] In one embodiment, the basic converting supplement mixture comprises at least one
of insulin, holo-transferrin, sodinm selenite (TS Hauidy, L-ascorbic actd, GM-CSF, SCF, VEGF,
IGF-L, ¥GF-H, IL-3, FH3-L, thrombopoietin {TP0), dexamethasone, fatiy acid free BSA 1~
thioglycerol, SB431542, CHIRS902Y, and Y-27632.

[0025] In one embodiment, the basic converting supplement mixture comprises insulin, holo-
transfertn, sodium selentte (TS hquid), L-ascorbic acd, GM-CSFE, SCF, VEGF, IGF-L, IGF-1L,
{1.-3, Fig3-L, thrombopoietin {TPO), dexamethasons, fatty acid free BRA, T-thioglycero,
SR4A31542 CHIRO9(2 1, and Y-27632.

[0026] In yet another aspect of the invention, a red blood cells (RBCUs) and platelets

differentiation kit tor differentiating heratopoietic stem/progenitor cells (HS/PCs) into RBCs
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and platelets comprises a basic cell culture medium; a basic nutrition supplement; and s RBCs
supplement mixiure; wheretn the kit differentiates the HE/PUs into at least one of RBCs and
plateiets,

[0027] In one ersbodirent, the basic nutrition supplement comprises fetal bovise serum and
horse serum.

[0028] fn one embodiment, the RBCs supplement smixture comyprises at least one of tnsuho,
holo-transferrin, sodinm selenite (FT8 Hauid), L-ascorbic acid, SCF, VEGF, 1GF-1, IGF-I, H.-3,
FH3-L, thrombopoietin (TP0), dexamethasone, fatty acid free BSA, T-thioglveerol, EPQ, ferrous
sulfate, PDGE BB, activin AL

[0029] In yet another embodiment of the invention, a white blood cells (WBCs)
differentiation kat Yor differentiating heroatopotetic steru/progenitor cells (HS/PCs) into WBUCs,
comprises a basic cell culture medium; a basic nutrition supplement; and a WBCs supplement
mixture; wherein the kit differentiates the HS/PCs into WBCs

[0030] In one embodiment, the basic nutrition supplement comprises fefal bovine serum and
horse serum.

[0031] in one embodiment, the basic converting supplement mixture comprises at least one
of insulin, holo-transferrin, sodium selerute (115 Hauid), L-ascorbic acid, SCF, VEGF, IGF-],
IGF-IE, 1.3, Fl3-L, thrombopoietin {TPO), dexamethasone, fatty acid free BRA, 1-thioglyeerol,
BMP4, -7 .12 118 -6, -2, FGF-b, TGF-a, TGEF-bY, TGE-LZ, TGF-B3, [L-1a, IL-1b
W4, -5 1048, B-10, H-12, 1328, woll-36R2, GM-CSF.

[0032] In yet another aspect of the invention, an automatic multifunctional single cell
proceasor and cubture device comprises a housing, st least one small fluid volume dispenser
system disposed inside the housing, and 2 tissue grinding system disposad below the small thaid
volume dispenser system and in the housing, wherein the small fluid volume dispenser system is
configured to dispense at least one fuid, and wherein the tissue grinding sysiem receives the at
teast one fluid.

[0033] In one embodiment, the small fluid volume dispenser systen s configured to
dispense the at least one fluid in 2 volume between about 5-10 mi.

[0034] In one embodiment, the small fuid volume dispenser system comprises a cylinder
houses one or more pre-filled cartridges.

[0035] In one embodiment, the small fluid volume dispenser system comprises a {op needie
disposed above the one or more pre-filied cartridges and a bottom needle disposed below the one

or more pre-filled cartridges.
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[0036] In one embodiment, the top needle and the bottom needle are configured to move in a
vertical direction for piercing the pre-filled cartridges.

[0037] In one embodiment, the tissue grinding system comprises a vial mechanically
connected to g motor,

[0038] In one embodiment, the vial houses a top grinder plate, a botiom grinder plate, a filter
disposed below the top grinder plate and the bottom grinder plate.

[0039] in one embodiment, the top grinder plate and the bottom grinder plate are arranged to
form a sample disposing place for recetving a binlogical sample.

[0040] In one embodiment, the tissue grinding systen further comprises a tubing fluidly
connected 1o a bottorn of the vial on a first end.

[0041] In one embodiment, the whing fudly connected to a dispenser funnel on a second
end.

[0042] In one erubodiroent, the device comprises a cellnlar Jask rotator, wherein the celhular

flask rotator comprises muliiple magnetic nanoparticies.
i #

BRIEF DESCRIPTION OF THE DRAWINGS
[0043] The accompanying drawings illustrate one or more embodiments of the invention and
together with the written description, serve to explain the principles of the invention. Wherever
possible, the same reference numbers are used throughout the drawings to refer to the same or
like elements of an embodiment.
[0044] Fig. 1 illustrates microscopic photos reflecting oil red O staining for human and mice
Ad MSCs.
[0045] Fig. 2 shows Ad MSCs culture growth curve and Ad MSCs growth increased linearly
after 7 days of culture.
[0046] Fig. 3 shows microscopic photographs reflecting that Ad MSCs growth increased
linearly after 7 days of culture.
[0047] Fig. 4 shows markers positively expressed in Ad MSC from human breast fat tissue.
[0048] Fig. 5 shows markers positively expressed in Ad MSC from SS mice abdomen fat
tissue.
[0049] Fig. 6 shows markers positively expressed in Ad MSC from CD45.1 mouse.
[0050] Fig. 7 shows converted HS/PCs using the UL™-h or m HS/PC-C completely medium
for culture for human.

[0051]  Fig. 8 shows converted HS/PCs using the UL™-h or m HS/PC-C completely medium
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for culture for mice.

[0052] Fig. 9 shows flow cytometry results for sorting Sca-1 positive cells from converted
mouse HS/PCs.

[0053] Fig. 10 shows CD90.2(blue) c-kit (CD117) (purple), CD48(green), CD105(red),
CD150(pink) markers are positively expressed in converted Sca-1 Positive mouse HS/PC(D).
[0054] Fig. 11 shows the FITC-Sca-1 marker(green) demonstrates positive expression in live
cultured converted mouse HS/PCs(E).

[0055] Fig. 12 shows flow cytometry results reflecting that CD34(green, red), CD90(yellow,
red) and CD49f (pink) markers are positive expressions in converted HS/PC from human cells.
[0056] Fig. 13 shows that Glycophorin A(CD235a) (green) marker was positively expressed
in supernatant cells from human converted HS/PC under UL™-hRBC medium after 18 to 23
days culture.

[0057] Fig. 14 shows flow cytometry results demonstrating that converted human HS/PCs
cultured in UL™ -hRBC completely medium after 18 to 23 days.

[0058]  Fig. 15 shows Glycophorin A (TER 119) (green) marker was positively expressed in
supernatant cells from mouse converted HS/PC under ULTM-mRBC Medium after 18 to 23
days culture.

[0059] Fig. 16 shows flow cytometry results demonstrating that converted mouse HS/PCs
cultured in UL™ -mRBC completely medium after 18 to 23 days.

[0060] Fig. 17 shows flow cytometry results demonstrating CD45.1(red) and TER
119(green) positive expression in CD45.1 mouse converted HS/PCs transplanted CD45.2 mouse
blood cells on day 23.

[0061] Fig. 18 shows flow cytometry results demonstrating CD45.1(red) and TER
119(green) positive expression in CD45.1 mouse converted HS/PCs transplanted CD45.2 mouse
blood cells on day 23.

[0062]  Fig. 19 shows transplantation of the converted HS/PCs of CD45.1 mice into 6 of the
CD45.2 mice.

[0063] Fig. 20 shows CBC results reflecting the cells in supernatant from mouse converted
HS/PCs under UL™-mWBC medium at 25 days culture.

[0064] Fig. 21 reflects CBC results showing that the cells in supernatant from mouse
converted HS/PCs under regular medium at day 25 days culture.

[0065] Fig. 22 shows flow cytometry analysis demonstrating that there is positive expression

of the CD45.1 mice of leukocyte markers in the CD45.2 mouse peripheral blood.
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[0066] Fig. 23 shows there are at least 25 GFP positive cells(green) in the converted HS/PCs
transfected with pLenti-GFP in culture under UL™-TFK medium condition on day 3.

[0067] Fig. 24 shows only 1 GFP positive cell shown in the converted HS/PCs transfected
with pLenti-GFP culture in the regular medium condition on day 3.

[0068] Fig. 25 shows a schematic view of an automatic multifunctional single cell processing
and culture system, with door close in the upper panel and door open in the lower panel.

[0069] Fig. 26 shows a front and a side view (upper panel) and a schematic view (lower
panel) of a fluid volume dispenser system of the cartridge-based dispensing system of the
automatic multifunctional single cell processing and culture system.

[0070] Fig. 27 shows a lateral and a schematic view of a tissue grinder system of the
automatic multifunctional single cell processing and culture system.

[0071] Fig. 28 shows a schematic view, a lateral cross view, and an explosive view of a vial
equipped with a filter screen and grinder plates.

[0072] Fig. 29 shows a cross section view of the tissue grinder system of the automatic
multifunctional single cell processing and culture system.

[0073] Fig. 30 shows a cross section view of the tissue grinder system in a lowered position
(left panel) and a raised panel (right panel).

[0074] Fig. 31 shows a front view of arrangement of a cartridge-based dispensing system of
the automatic multifunctional single cell processing and culture system.

[0075] Fig. 32 shows a schematic view of a cellular flask rotator. Within the Cellular Flask
Rotator is an array of neodymium magnets that activate the magnetic nanoparticles as the fluid

moves within the cellular flask.

DETAILED DESCRIPTION OF THE INVENTION
[0076] The invention will now be described more fully hereinafter with reference to the
accompanying drawings, in which exemplary embodiments of the invention are shown. This
invention may, however, be embodied in many different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these embodiments are provided so that this
invention will be thorough and complete, and will fully convey the scope of the invention to
those skilled in the art. Like reference numerals refer to like elements throughout.
[0077] The terms used in this specification generally have their ordinary meanings in the art,
within the context of the invention, and in the specific context where each term is used. Certain

terms that are used to describe the invention are discussed below, or elsewhere in the
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specification, to provide additional guidance to the practitioner regarding the description of the
invention. For convenience, certain terms may be highlighted, for example using italics and/or
quotation marks. The use of highlighting has no influence on the scope and meaning of a term;
the scope and meaning of a term is the same, in the same context, whether or not it is
highlighted. It will be appreciated that same thing can be said in more than one way.
Consequently, alternative language and synonyms may be used for any one or more of the terms
discussed herein, nor is any special significance to be placed upon whether or not a term is
elaborated or discussed herein. Synonyms for certain terms are provided. A recital of one or
more synonyms does not exclude the use of other synonyms. The use of examples anywhere in
this specification including examples of any terms discussed herein is illustrative only, and in no
way limits the scope and meaning of the invention or of any exemplified term. Likewise, the
invention is not limited to various embodiments given in this specification.

[0078] One of ordinary skill in the art will appreciate that starting materials, biological
materials, reagents, synthetic methods, purification methods, analytical methods, assay methods,
and biological methods other than those specifically exemplified can be employed in the practice
of the invention without resort to undue experimentation. All art-known functional equivalents,
of any such materials and methods are intended to be included in this invention. The terms and
expressions which have been employed are used as terms of description and not of limitation,
and there is no intention that in the use of such terms and expressions of excluding any
equivalents of the features shown and described or portions thereof, but it is recognized that
various modifications are possible within the scope of the invention claimed. Thus, it should be
understood that although the invention has been specifically disclosed by preferred embodiments
and optional features, modification and variation of the concepts herein disclosed may be
resorted to by those skilled in the art, and that such modifications and variations are considered
to be within the scope of this invention as defined by the appended claims.

[0079] Whenever a range is given in the specification, for example, a temperature range, a
time range, or a composition or concentration range, all intermediate ranges and subranges, as
well as all individual values included in the ranges given are intended to be included in the
invention. It will be understood that any subranges or individual values in a range or subrange
that are included in the description herein can be excluded from the claims herein.

[0080] It will be understood that, as used in the description herein and throughout the claims
that follow, the meaning of “a”, “an”, and “the” includes plural reference unless the context

clearly dictates otherwise. Thus, for example, reference to “a cell” includes a plurality of such
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cells and equivalents thereof known to those skilled in the art. As well, the terms “a” (or “an”),
“one or more” and “at least one” can be used interchangeably herein. It is also to be noted that
the terms “comprising”, “including”, and “having” can be used interchangeably.

[0081] It will be understood that when an element is referred to as being “on”, “attached” to,
“connected” to, “coupled” with, “contacting”, etc., another element, it can be directly on,
attached to, connected to, coupled with or contacting the other element or intervening elements
may also be present. In contrast, when an element is referred to as being, for example, “directly
on”, “directly attached” to, “directly connected” to, “directly coupled” with or “directly
contacting” another element, there are no intervening elements present. It will also be
appreciated by those of skill in the art that references to a structure or feature that is disposed
“adjacent” another feature may have portions that overlap or underlie the adjacent feature.
[0082] It will be understood that, although the terms first, second, third etc. may be used
herein to describe various elements, components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be limited by these terms. These terms
are only used to distinguish one element, component, region, layer or section from another
element, component, region, layer or section. Thus, a first element, component, region, layer or
section discussed below could be termed a second element, component, region, layer or section
without departing from the teachings of the invention.

[0083] Furthermore, relative terms, such as “lower” or “bottom” and “upper” or “top,” may
be used herein to describe one element’s relationship to another element as illustrated in the
figures. It will be understood that relative terms are intended to encompass different orientations
of the device in addition to the orientation depicted in the figures. For example, if the device in
one of the figures is turned over, elements described as being on the “lower” side of other
elements would then be oriented on “upper” sides of the other elements. The exemplary term
“lower”, can therefore, encompasses both an orientation of “lower” and “upper,” depending of
the particular orientation of the figure. Similarly, if the device in one of the figures is turned
over, elements described as “below” or “beneath” other elements would then be oriented “above”
the other elements. The exemplary terms “below” or “beneath” can, therefore, encompass both
an orientation of above and below.

[0084] It will be further understood that the terms “comprises” and/or “comprising”, or

“includes” and/or “including”, or “has” and/or “having”, or “carry” and/or “carrying”, or

M
>

“contain” and/or “containing”, or “involve” and/or “involving”, “characterized by”, and the like

are to be open-ended, i.e., to mean including but not limited to. When used in this disclosure,
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they specify the presence of stated features, regions, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of one or more other features, regions,
integers, steps, operations, elements, components, and/or groups thereof.

[0085] Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having a meaning that is consistent with
their meaning in the context of the relevant art and the invention, and will not be interpreted in
an idealized or overly formal sense unless expressly so defined herein.

[0086] As used in the disclosure, “around”, “about”, “approximately” or “substantially” shall
generally mean within 20 percent, preferably within 10 percent, and more preferably within 5
percent of a given value or range. Numerical quantities given herein are approximate, meaning
that the term “around”, “about”, “approximately” or “substantially” can be inferred if not
expressly stated.

[0087] As used in the disclosure, the phrase “at least one of A, B, and C” should be
construed to mean a logical (A or B or C), using a non-exclusive logical OR. As used herein, the
term “and/or” includes any and all combinations of one or more of the associated listed items.
[0088] As used in the disclosure, the term “therapy” refers to any protocol, method, and/or
agent that can be used in the management, treatment, and/or amelioration of a given disease, or a
symptom related thereto. In certain embodiments, the terms “therapies” and “therapy” refer to a
biological therapy, supportive therapy, and/or other therapies known to one of skill in the art,
such as medical personnel, useful in the management or treatment of a given disease, or
symptom related thereto.

[0089] As used in the disclosure, “treat”, “treatment”, and “treating” refer to the reduction or
amelioration of the progression, severity, and/or duration of a given disease resulting from the
administration of one or more therapies (including, but not limited to, the administration of
microspheres disclosed herein).

[0090] Present system described herein features innovative strategies and sources for
deriving HS/PCs, in particular, an innovative system and/or method for converting Ad MSCs to
HS/PCs and differentiating into blood cells.

[0091] This innovation system of the present invention discloses that MSCs derived from
mature adipocytes can be converted to HS/PCs and then differentiated into multiple peripheral

blood cell types in vitro and in vivo. In one embodiment, the converted hematopoietic stem cells
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(HSCs) demonstrate a high gene transfection efficiency. This system of the present invention
establishes a new source for autologous cell and gene therapy with less side effects than existing
technologies.

[0092] The present invention discloses a system having four major breakthroughs.

[0093] In one embodiment, the present invention discloses unique Ad MScs cell culture
protocols/reagents which convert Ad MSCs to HS/PCs in vitro. In one embodiment, the present
invention creates conversions and expansion system for converting Ad MSCs into HS/PCs
without introducing in any exogenous genes in vitro. In one embodiment, the conversion
efficiency to HS/PCs is about 11.7%. In one embodiment, the present invention expands
converted HS/PCs in large quantities in vitro.

[0094] In one embodiment, the present invention discloses unique protocols/reagents for
differentiating the converted HS/PCs into various lineages of peripheral blood cells, both in vitro
and in vivo. The present invention creates a system for differentiating the converted HS/PCs to
various peripheral blood cells such as RBC, platelets, and WBC in vitro and on vivo.

[0095] In one embodiment, the present invention discloses unique protocols/reagents for
enhancing system of gene transfection of the converted HS/PCs in vitro. The present invention
creates a system enhancing gene delivery, and thus improves gene transfection efficiency of the
converted HS/PCs. In one embodiment, the gene transfection efficiency of the present invention
is 25-fold higher than regular reagents of existing technology. In one embodiment, the converted
HS/PCs are gene carry-on cells, which provides guarantee for the success of gene therapy.
[0096] In one embodiment, the present invention discloses an automatic and bedside single
cell isolation system having one or more of the following features (1) all-in-one integrated device
of tissue grinding, enzyme digestion and nano-purification, centrifugation-free, contamination-
free, with one scan recording system for rapid tissue single cells and specific blood cell isolation;
(2) standardized protocol ensuring high quality of isolated cells; (3) bedside operation to
minimize the time exposing to the environment and maximal cell culture survival rate.

[0097] In one embodiment, the present invention of converting Ad MSCs as a new course to
derive HS/PCs in precision cell and gene therapy has one or more of the following advantages
and implications.

[0098] In one embodiment, the present invention ensures the safety of the derived HS/PCs
and blood cells produced therefrom. In particular, this innovation system does not require the
introduction of any exogenous genes and thus there is no concern about the simultaneous

emergence contamination of tumorigenic stem cells, as other induced or embryonic cells do.
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Also, Ad MSCs-converted HS/PCs are derived from autologous adipose tissues and autologous
cell transplantation has no risk for GVHD side effects.

[0099] In one embodiment, the present invention is resource friendly. In particular, Ad
MSCs are derived from adipose tissues (Ad), which is widely distributed, and widely available,
as compared to MB-MS which is limited in resource: M:10-20%, F: 20-30% in body. Thus the
conversion rate is about 11.7% for Ad MSCs vs 1% in BM.

[00100] In one embodiment, the present invention is process efficient. In particular, adipose
tissue collection is convenient and quick, which can usually be obtained through liposuction,
minimally invasive surgery or other surgical procedures. All of which are less invasive and often
results in fewer complications compared to the collection of bone marrow.

[00101] In one embodiment, the present invention is cultivation friendly. In particular, in vitro
culture of Ad MSCs and converted HS/PCs can be accomplished efficiently in large scales for
potential clinical needs. Ad MSCs have a long shelf life as compared with other types of stem
cells, such as induced pluripotent or embryonic SCs.

[00102] One important advantage of the present invention is that the conversion of Ad MSCs
into HS/PCs and differentiation of HS/PCs into various blood cells are accomplished without co-
culture with bone marrow derived HSCs and/or no exogenous genes inserted. That is, the
HS/PCs are produced using a pure Ad MSCs cell line, and various blood cells are differentiated
from the HS/PCs produced from the pure Ad MSCs cell line. No other cell, e.g. SVF, bone
marrow derived HSCs, and etc., has ever been used for co-culture with the Ad MSCs and/or the
HS/PCs produced therefrom. A pure Ad MSCs cell line is defined as a cell line consists
essentially or only Ad MSCs. In practice, as shown in Fig. 1, a pure Ad MSCs cell line (Oil Red
O Staining is a special staining for adipose derived mesenchymal stem cells (Ad MSC)) is
obtained from culturing of biological cells obtained from a subject.

[00103] In one embodiment, the biological cells are obtained bedside, e.g., in adjacent to the
subject from whom the sample is obtained.

[00104] In one embodiment, the present invention is ethics compliance. In particular, the
present invention does not have the baggage of ethical controversy that embryonic stem cells
may have in some contexts.

[00105] In one embodiment, the present invention is functionality-based. In particular, the
present invention has strong value-added abilities and can secrete about 247 kinds of beneficial
cell nutrition and stimulating factors, including anti-inflammatory agents, immune regulatory

agents, angiogenesis agents, and nutritive agents. All of which are beneficial in the context of

14



WO 2024/191888 PCT/US2024/019327

intensive treatment and regeneration.

[00106] In one embodiment, the present invention is application-based. In particular, the
present invention has a wide differentiation potential, including gene carry on cells, bone cells,
fat cells, nerve cells, vascular endothelial cells, cardiomyocytes, pancreatic cells, hepatocytes,
HSCs, progenitor cells, and blood cells. Therefore, the present invention can be used in the
regeneration of a variety of organs and tissues.

Example 1 - Automatic multifunctional single cell processing and culture system
[00107] In one embodiment, the present invention discloses an all-in-one of multifunctional
single cell processing and culture system. The system ensures a high efficiency of cell isolation
and a high survival rate of the cells, while reduces costs of cell therapy for hospital and patients.
[00108] In one embodiment, the system provides a one-step isolation of Ad MSCs or tissues
and immune cells without centrifugation, multi-steps, and risk of contaminations in about 60
minutes.

[00109] In one embodiment, the system provides a fully enclosed sterile constant temperature
system, which ensures contamination free and a high cell survival rate.

[00110] In one embodiment, the system provides a standardized operation, as well as one scan
data record, which ensure confidentiality & long-term tracking of the data.

[00111] In one embodiment, the system is portable, and support bedside use, which ensures
widespread application.

[00112] In one embodiment, the system overcomes current challenges in cell processing, by
maximizing cell survival rate, minimizing cell contamination, reducing cost. The system
provides rapid, portable, and wide application for enhancing the effectiveness and accessibility
of cell-based treatments.

[00113] In one embodiment, a machine for separating viable cells from tissue or blood
samples includes one or more of the following components: an intake port which is designed to
receive tissue samples or surgically removed tissue directly from a syringe, ensuring minimal
handling and reducing contamination risk; a tissue grinder tube and/or a robotic rotary oscillator
(Part A) which facilitates an efficient separation of viable cells from the tissue; a cell culture
flask (Part A-b) containing about 5-10 ml nanoparticle-specific antibody solution; a robotic
pipetting arm of nozzles (Part B) that dispense the cell suspension and other solution, which
performs cell transfer and washes; a shakable magnetic platform(Part C), which facilitates cell
attachment to the bottom of the cell culture flask or conjugation with specific nano-antibodies; a

robotic capper arm (Part D) to seal the flask, which facilitates sterile transportation of the cell
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culture flask; an automatic or semi-automatic lever connector mechanism (Part E) which
connects all post-disinfection solution cartridges in the sealed container to maintain sterility and
prevent direct human handling; an insulated carrier (Part F) for the sealed cell culture flask,
equipped with temperature control at 37°C and COz supplementation, increasing the number of
viable cells from transportation from patient bedside operation to lab for further cell processing
(The machine should remain at a constant 37°C when the power is on); multiple germicidal UV+
Ozone (Part G) is placed throughout the system, ensuring sterility within the system; and a bar
code scanner (Part H) for registering the tissue sample into the machine before processing,
linking the sample with a tagged cell culture flask for traceability and compliance with medical
documentation practices.

[00114] In one embodiment, an operator fills the grinder vial with a tissue sample then places
the vial onto the bottom adapter of the grinder subassembly.

[00115] In one embodiment, the operator then manipulates the over center mechanism to raise
the grinder vial towards the grinder gearbox.

[00116] In one embodiment, the bottom and top seals of the grinder are punctured, coupling
the vial to the machine.

[00117] In one embodiment, S ml of buffer agent is dispensed into the grinder to facilitate
separation of cells from the tissue.

[00118] In one embodiment, after a set amount of time, another 5 ml of buffer agent is
dispensed into the grinder and negative pressure is applied by the peristaltic pump with the outlet
of the pump going towards the cellular flask.

[00119] In one embodiment, within the cellular flask, the isolated cells are washed with saline
then have magnetic nanoparticles added.

[00120] In one embodiment, after several washings, a buffer agent is applied to the cellular
flask before the flask is sealed ready for transportation.

[00121] In one embodiment, the present invention discloses a small fluid volume dispenser
system. The purpose of the system is to dispense small volumes of fluid, specifically, between 5-
10 ml, in a sterile manner. This is crucial for tasks requiring precision and cleanliness, such as
those in cellular biology or medical research.

[00122] 1In one embodiment, the present invention discloses a cartridge-based dispensing
process. Instead of using pumps, tubing, or reservoirs, which could compromise sterility, the
system uses pre-filled cartridges. Each cartridge contains a precise amount of fluid. A set of

needles punctures the cartridge both at the top and bottom to facilitate fluid flow. The top needle
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is actuated to create a vent hole as well as push the cartridge towards a bottom needle for
draining.

[00123] In one embodiment, the present invention discloses hydrophobic funnel. In particular,
as fluid is dispensed, it passes through a hydrophobic funnel, which repels water, ensuring that
the fluid flows smoothly into the desired container without contamination or loss of product.
[00124] The advantages of the system include eliminating the need for measurement sensors
and positive displacement pumps, simplifying the system; and reducing loss of cell buffer agent,
important for minimizing waste and cleanup.

[00125] Fig. 25 shows a schematic view of an automatic multifunctional single cell processing
and culture system, with door close in the upper panel and door open in the lower panel.

[00126] Fig. 26 shows a front and a side view (upper panel) and a schematic view (lower
panel) of a fluid volume dispenser system of the cartridge-based dispensing system of the
automatic multifunctional single cell processing and culture system.

[00127] In particular, one or more cartridge 1 is disposed inside a cylinder 4. A spring may be
disposed below the cartridge to push the cartridge upward against a cylinder cap 11 disposed on
top of the cylinder. The cartridge 1 may be connected to a bottom drain needle 10 on its bottom.
A cylinder rod 7 passed trough the cylinder 1 in the center. A motor 2 is supported by a bracket 5
and disposed above the cylinder 4. The motor 2 is connected to the cylinder rod 7 and drives it.
Above the cartridge 1, a linear actuator 3 is connected to a needle extension, which receives a top
vent needle 9. In one embodiment, there is a needle holder 12 in direct contact with the vent
needle 9.

[00128] Fig. 27 shows a lateral and a schematic view of a tissue grinder system of the
automatic multifunctional single cell processing and culture system.

[00129] In particular, in one embodiment, the tissue grinder system includes a 30 ml vial
equipped with a 70 nm filter screen and grinder plates. During the operation, the tissue samples
are placed inside the vial, between a set of grinder plates. The system is sealed with a screw cap,
compressing the tissue in between the two grinder plates.

[00130] For a fluid dispensing for grinding, 5 ml of butfer agent is dispensed into the vial to
aid the grinding. This is done within the cell isolator machine, ensuring sterility.

[00131] In one embodiment, the vial is placed on an adapter and lifted to engage with a gear
that drives the grinding action. A needle funnel, which receives dispensed fluid, also punctures a
seal for sterility.

[00132] In one embodiment, in a post-grinding process, after grinding, another 5 ml of fluid is
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added to rinse the sample.

[00133] In one embodiment, a peristaltic pump applies negative pressure to collect the
suspended cells, which are then transferred into a cellular flask for further processing,
maintaining a sterile environment throughout.

[00134] This system aims to process biological samples in a sterile, efficient manner,
minimizing the risk of contamination and ensuring the integrity of the samples for research or
medical purposes.

[00135] Fig. 28 shows a schematic view, a lateral cross view, and an explosive view of a vial
equipped with a filter screen and grinder plates.

[00136] In one embodiment, the vail includes a screw cap 15 receiving a plug 16. A top
induction seal 17 is received by the plug 16. A top grinder plate 18 and a bottom grinder plate 19
pairs with each other. A filter screen 20 inside a filter holder 21 is disposed below the top grinder
plate 18 and the bottom grinder plate 19. A vial 25 matches with the screw cap 15 and form a
housing, which houses the aforementioned parts. A bottom induction seal 22 is attached to the
bottom of the vial 25.

[00137] Fig. 29 shows a cross section view of the tissue grinder system of the automatic
multifunctional single cell processing and culture system.

[00138] In one embodiment, the tissue grinder system includes a needle funnel 12 with its
bottom tube passing through a through hole large gear 13 disposed inside a gearbox. The bottom
end of the needle funnel 12 is received inside the vial described above. An induction seal needle
drain 23 is fluidly connected to the bottom of the vial 25, and transport the fluid through a silicon
tubing. The silicon tubing 26 is received by an over center mechanism 28 supported by a bottom
adapter 27. The silicon tubing 26 then passes through a peristaltic pump 29, and fluidly
connected to a dispense funnel 30.

[00139] In one embodiment, the fluid volume dispenser system is arranged above the tissue
grinder system in the device. Thus, a solution, e.g., a buffering agent, is dispensed by the fluid
volume dispenser system and dispensed into the vial 25, through the top of the vial screw cap 15,
and right through the coupling that directs power to the top and bottom grinder plates 18/19.
[00140] Fig. 30 shows a cross section view of the tissue grinder system in a lowered position
(left panel) and a raised panel (right panel).

[00141] Fig. 31 shows a front view of arrangement of a cartridge-based dispensing system of
the automatic multifunctional single cell processing and culture system. In particular, except for

a fluid volume dispenser system placed above the tissue grinding system, in one embodiment, the
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system also includes one or more of a UV Disinfection Light 31, a capper 32, a cellular flask
rotator 33 configured to receive a cellular flask 34, and fluidly connected to a drain 35.
[00142] Fig. 32 shows a schematic view of a cellular flask rotator. Within the Cellular Flask
Rotator is an array of neodymium magnets that activate the magnetic nanoparticles as the fluid
moves within the cellular flask.

Example 2 - Protocols for tissue single cells isolation and Ad MSCs culture
Protocol for preparing tissue
[00143] In one embodiment, the present invention discloses a protocol for preparing tissue.
The protocol should be modified accordingly based on the weight and/or volume of the tissue
being prepared without deviating from the essence of the present invention.
[00144] 1. To prepare 37°C prewarm wash buffer 500ml, add 5.5ml 100X Antibiotic-
Antimycotic Liquid (AA) into 500ml wash buffer.
[00145] 2. To prepare completely Mesenchymal Stem Cell Expansion medium: Add serum-
supplemented B into 500 mL bottle of Mesenchymal Stem Cell Expansion Medium A (ULTM-
MSC-E) and Sml 100X Antibiotic-Antimycotic Liquid (AA).
[00146] 3. Place an absorbent underpaid in the hood.
[00147] 4. To asterile 100 mm culture dish, add ~10 mL of prewarmed wash buffer prepared
in Step 1.
[00148] 5. Obtain the tissue and place the container with the tissue in the laminar flow hood.
[00149] 6. Remove the lid from the 100 mm dish and using sterile forceps transfer the tissue
to the prewarmed wash buffer dish.
[00150] 7. Wash the tissue by agitating with forceps in the medium contained in the 100 mm
dish for two or three times.
Protocol for primary mature fat or other tissue isolation
[00151] In one embodiment, the present invention discloses a protocol for primary mature fat
or other tissue isolation.
[00152] 1. Directly place the tissue from surgically removed in Part A of the system in
Example 1. Part A automatically grinds tissue into single cells by Robotic Rotary Oscillator.
After breaking up the tissue, the grinder tube automatically turns into a vertical position. The
cells suspension will flow down to the bottom of the grinder tube under gravity. Then, wash the
grinder with 10ml UL™-TMSCs-IS.
[00153] 2. Incubate the cells suspension collected for 20 to 30 minutes at 37°C with shake.

Transfer all cells suspension into a new cell culture flask.
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[00154] 3. Place the new cell culture flask flat and stand the flask at 37°C for 10 minutes on
Part C.

[00155] 4. Absorb the supernatant by Part B of the system, and then add 10ml wash buffer
into the flask to wash the cells 2 times. Add 10-20 ml UL™-TMSCs-ISMSC-E (depends on size
of the flask) to flask and seal the culture flask by Part D.

[00156] 5. Transfer the culture flask into incubator at 37°C with 5% CO; and incubate for 5-7
days.

Protocol for isolating and culture Ad MSCs

[00157] In one embodiment, the present invention discloses a protocol for isolating and
culture Ad MSCs.

[00158] 1. Using sterile forceps to place and flatten the tissue onto the grinder.

[00159] 2. Transfer the grinder to cell processor.

[00160] 3. Start program 1 for fat or other tissue.

[00161] 4. Take flask from processor and transfer flask into the incubator and culture at 37°C
and 5% CO2 with a proper humidly.

[00162] Results: 72 hours after seeding primary cultures, observe the cultures using phase
contrast microscopy. Some AdMSCs attached to the surface of the flask are observed. The
medium should be changed twice a week.

[00163] Table 1 shows a general process for troubleshooting for the protocol for isolating and
culture Ad MSCs.

Table 1. General process for troubleshooting for the protocol for isolating and culture Ad MSCs

Problem Cause Solution

Cells attach Tissue stored at lower | Use tissue within 24 hours of harvest for the

poorly degree or too best results.
long/improperly. Store tissue in culture medium at 37°C until

use.

Cells grow slowly | Medium and/or Check the expiration date on the label of the
supplement stored products and do not use the product after the
incorrectly, beyond expiration date.

expiration date
Check the storage conditions as described in
the product manual. Confirm that the products
were stored properly.

Supplemented medium | Store supplemented medium at 4°C for up to 1
stored too long or month from the time the basal medium is
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improperly supplemented with reagent B.
Cells become Improper tissue storage | Store tissue in medium containing
contaminated antibiotic/antimycotic. Store tissue at 37°C.
with Wash tissue thoroughly in medium containing
microorganisms antibiotic/antimycotic at the start of the
procedure.
Expired or incorrect Check the expiration date on the product and
concentration of do not use after the expiration date.
antibiotic/antimycotic
solution used Check for the proper dilution of the product in
the supplemented medium and correct if
necessary.

Protocol for peripheral blood cells isolation

[00164] In one embodiment, the present invention discloses a protocol for peripheral blood
cells isolation.

[00165] 1. Inject Buff'y coatinto Part A-b with nanoparticle-specific antibody reagent. Rocker
and incubate for 15 to 30 minutes at 37°C. Place Part A-b on Part C for 2-5 minutes. Absorb the
supernatant by Part B, and then add 10 ml wash buffer into the Part A-b flask by Part B, repeat 2
times. Release Part A-b from Part C. Add 10 ml culture medium B+D into Part A-b and seal Part
A-b by Part D.

[00166] 2. Transfer the Part A-b into cell culture incubator at 37°C with 5% CO2 for 5-7 days.
Protocols for converting Ad MSCs into HS/PCs:

[00167] After initial seeding of the primary Ad MSCs culture, once the cells are ~90%
confluent (7-13 days), subculture the Ad MSCs by using UL™- Hematopoietic Stem Cell
(HS/PC) Converting kit (ULTM-HS/PC-C kit) disclosed in Example 2.

[00168]  This protocol is designed for the subculture of one 60mm culture dish or 25 ¢cm?
culture flask of actively proliferating cells near confluence. If different-sized culture vessels are
to be used, adjust the reagent volumes accordingly.

[00169] In one embodiment, the reagents should not be warmed prior to use.

[00170] 1. Prepare UL™-HS/PC-C completely medium: Dissolve reagent B (Nutrition
supplement) and C (Converting supplements) on ice. When the reagents are completely
dissolved, carefully pipetting reagent into the reagent A bottle and mix well.

[00171] 2. Remove all the culture medium from the flask.

[00172] 3. Wash cells with 5 mL Ca++ and Mg++-free PBS to the flask. Rock the flask to
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ensure that the entire surface is covered.

[00173] 4. Immediately remove the PBS solution from the flask and add SmL (for 60mm
Dish), 8 ml (for 25 cm? Flask) UL™-HS/PC-C completely medium.

[00174] 5. Incubate the flask at 37°C incubator in 5% CO?2 with humidity for 3-6 days.
Medium is changed about every 3 days.

Protocols for Subculture of Converted HS/PCs.

[00175] 1. Decant media from cell culture dish or flask. Rinse cells with 5 ml of Dulbecco’s
Phosphate Buffered Saline (D-PBS) without calcium and without magnesium. Decant D-PBS.
[00176] 2. Add an appropriate 1 ml in 60 mm dish or 2 ml in a 75 cm? flask of prewarmed
Trypsin-EDTA (0.25%) to dish or flask.

[00177] 3. Incubate at 37°C until cells have detached (observe at 2-minute intervals).
[00178] 4. Add 2 to 4 ml of cell culture growth media and transfer cell suspension to two or
more new 100mm Dish or 75cm?2 Flask.

[00179] 5. After 48-hour culture, continue culture the cell in UL™-HS/PC-C completely
medium but without the SB431542, CHIR99021 and Y-27632 for 4 days.

[00180] 6. Subculture the converted HS/PCs or Cryopreservation of the converted HS/PCs.
[00181] In one embodiment, if there is no need to use the converted HS/PCs for future study,
pipetting the cells into a new 15 ml tube. Centrifuge for 5 to 10 minutes at 100 x g. Discard
supernatant and suspend cell pellet with reagent of your purpose.

Protocol for Cryopreservation of Converted HS/PCs.

[00182] If a surplus of cells is available from subculturing, they should be treated with the
appropriate protective agent (e.g., DMSO or glycerol) and stored at temperatures below —130°C
(cryopreservation) until they are needed.

[00183] View the culture under a microscope to ascertain the condition of the culture (i.e.,
confluence, mitotic activity). In one embodiment, the present invention cryopreserves converted
HS/PCs when the culture is approximately 90% confluent and actively growing.

[00184] Warming the reagents prior to use is not recommended.

[00185] Follow Steps 1-4 in Subculture of Converted HS/PCs.

[00186] 1.Resuspend the cell pellet in 2-3 ml of cold (4°C) UL™- Cryo medium and transfer
1 ml (to yield approximately 2—5 x 106 cells/m) to CryoFlex Tubing

[00187] 2. Determine the number of viable cells/mL using a hemocytometer and dilute to the
desired final cell density (5-10 x 106 viable cells/mL is recommended).

[00188] 3. Cryopreserve the cells using a controlled-rate freezer or other appropriate device,
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then transfer to liquid nitrogen storage (vapor phase).

[00189] Results: Twenty-four hours after converting reagent in cultures, observe the cultures

using phase contrast microscopy. In one embodiment, some cells are detached to the medium of

the flask although there will be some floating cells and debris. After 72 hours, carefully change

the medium so that one does not dislodge lightly adherent cells. Converted the cells will continue

grows until 85 to 90% confluent.

[00190] Table 2 shows a troubleshooting chart of cryopreservation of Converted HS/PCs.
Table 2. Troubleshooting chart of cryopreservation of Converted HS/PCs

Problem Cause Solution

Before freezing Ad MSCs, check

Cells Ad MSCs stored too the cell viability and try to recover

attach long/improperly. cells as quickly as possible.

poorly Culture medium prewarn at 37°C
until use.

Check the expiration date on the
label of the products and do not use
Medium and/or the product after the expiration

gre(:ii supplement stored date.

slowly incorrectly, beyond

L Check the storage conditions as
expiration date

described in the product manual.
Confirm that the products were
stored properly.

Store supplemented medium at 4°C
for up to 1 month from the time the
basal medium is supplemented with
reagent A.

Supplemented
medium stored too
long or improperly

Protocols for differentiation RBC and Platelets from the converted HS/PCs in vitro.
[00191]  This protocol is designed for the subculture of one 60 mm culture dish or 25 ¢cm?
culture flask of actively proliferating cells near confluence. If different-sized culture vessels are
to be used, adjust the reagent volumes accordingly.

[00192] TItis not recommended to change medium between day 10 to 25. In one embodiment,
it is recommended to add fresh medium twice a week.

[00193] Prepare ULTM-RBC/Platelets completely medium: Dissolve reagent B (nutrition
supplement) and C (RBC & Platelets supplements) on ice. When the reagents are completely

dissolved, carefully pipetting reagent into the reagent A bottle and mix well.

23



WO 2024/191888 PCT/US2024/019327

[00194] 1. After initial seeding of the converted HS/PCs in 60 mm culture dish or 25 cm?
flask, once the cells are ~90% confluent (7-13 days), remove all the culture medium from the
dish or flask. And then add 5 ml (60 mm Dish), 10 ml (25 ¢m? Flask) Red Blood Cell and
Platelets completely medium (UL™ -h or m RBC kit) into culture dish or Flask.

[00195] 2. Add the 8ml RBC/Platelets completely medium into to cell culture dish or Flask
twice a week.

[00196] 3. At day 18-25, collect the supernatant containing suspended cells into a new 50ml
centrifuge tube.

[00197] 4. Spin down the cells at 1000rpm for 10 minutes, Wash cells with 10mL Ca++ and
Mg++-free PBS for 2 or 3 times.

[00198] 5. Keep cell pellets for future use.

[00199] Results: On cultures day 18 to 21, one can see little dark color small round cells
floating in the supernatant.

[00200] Table 3 shows troubleshooting process for differentiation RBC and Platelets from the
converted HS/PCs in vitro.

Table 3. Troubleshooting process for differentiation RBC and Platelets from the converted

HS/PCs in vitro
Problem Cause Solution
Cells stored too Before freezing converted HS/PCs,
poorly long/improperly. check the cell viability and try to
recover cells as quickly as possible.
Culture medium prewarn at 37°C until
use
Cells Medium and/or Check the expiration date on the label
grow supplement of the products and do not use the
slowly stored product after the expiration date.
incorrectly,
beyond Check the storage conditions as
expiration date described in the product manual.
Confirm that the products were stored
properly.
Supplemented Store supplemented medium at 4°C for
medium stored up to 1 month from the time the basal
too long or medium is supplemented with reagent
improperly A

Protocols for differentiation WBC from converted HS/PCs in vitro
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[00201] This protocol is designed for the subculture of one 60 mm culture dish or 25 cm?
culture flask of actively proliferating cells near confluence. If different-sized culture vessels are
to be used, adjust the reagent volumes accordingly.
[00202] Tt is not recommended to change medium between day 10 to 35. In one embodiment,
it is recommended to add fresh medium twice a week.
[00203] Prepare UL™-WBC completely medium: Dissolve reagent B (Basic nutrition
supplement) and C (WBC supplements) on ice. When the reagents are completely dissolved,
carefully pipet the B & C reagent into the reagent A bottle and mix well.
[00204] 1. After initial seeding of the converted HS/PCs in 60mm culture dish or 25cm? flask,
once the cells are ~90% confluent (7—13 days), remove all the culture medium from the dish or
flask. And then add 5 ml (60 mm Dish), 10 ml (25 cm? flask) White cells completely medium
(UL™ _-h or m WBC kit) into culture dish or Flask.
[00205] 2. Add the 8 ml WBC completely medium into to cell culture dish or Flask twice a
week.
[00206] 3. At day 20-35, collect the supernatant containing suspended cells into a new 50 ml
centrifuge tube.
[00207] 4. Spin down the cells at 1000 rpm for 10 minutes, Wash cells with 10 mL Cat++ and
Mg++-free PBS for 2 or 3 times.
[00208] 5. Keep cell pellets for future use.
[00209] Results: On cultures day 10 to 35, one can see little dark color small round cells
floating in the supernatant.
[00210] Table 4 shows troubleshooting process for differentiation WBC from converted
HS/PCs in vitro.

Table 4. Troubleshooting process for differentiation WBC from converted HS/PCs in vitro

Problem | Cause Solution
Cells stored too Before freezing converted HS/PCs, check
poorly long/improperly. the cell viability and try to recover cells as

quickly as possible. Culture medium
prewarn at 37°C until use

Cells Medium and/or Check the expiration date on the label of the
grow supplement stored products and do not use the product after the
slowly incorrectly, beyond expiration date.

expiration date
Check the storage conditions as described in
the product manual. Confirm that the
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products were stored properly.

Supplemented medium | Store supplemented medium at 4°C for up to
stored too long or 1 month from the time the basal medium is
improperly supplemented with reagent A.

Protocol for enhancing gene transfection efficiency in converted HS/PCs as a gene carry-on
cells in vitro.
[00211] This protocol is designed for the subculture of one 60mm culture dish of actively
proliferating cells near confluence. If different-sized culture vessels are to be used, adjust the
reagent volumes accordingly.
[00212] Itis not recommended that using UL™-Gene transfection enhancer Kit (UL™-h or m
TFK) after 24-hour transfection.
[00213] 1. Prepare UL™-Gene transfection enhancer Kit (UL™-h or m TFK) completely
medium: Dissolve reagent B (nutrition supplement) and C (Gene transfection enhancer
supplements) of the UL™-Human or Mouse Gene transfection enhancer Kit (UL™-h or m TFK)
on ice. When the reagents are completely dissolved, carefully pipetting reagent into the reagent
A bottle and mix well.
[00214] 2. After regular transfection 24-hours, remove all the culture medium from the dish.
And then add Sml (60mm Dish), UL™-Gene transfection enhancer completely medium (UL™ -
h or m TFK kit) into culture dish.
[00215] 3. Change TFK medium twice a week. When the cells near confluence, harvest cells
to sorting the positive cells.
[00216] 4. Culture the pure positive cell with TFK completely medium for another 3-6 days,
change culture medium to basic cell culture medium A with nutrition supplement B. Change the
medium twice per week until cells grow to enough cells for gene therapy.
[00217] Results: After transfection day 6, there should be more than 70% positive cells (if
there is the visible marker in the system).
[00218] Table 5 shows troubleshooting for enhancing gene transfection efficiency in
converted HS/PCs as a gene carry-on cells in vitro.

Table 5. Troubleshooting for enhancing gene transfection efficiency in converted HS/PCs as a

gene carry-on cells in vitro

Problem Cause Solution
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Cells Converted Before freezing converted HS/PCs,
poorly HS/PCs stored check the cell viability and try to
too recover cells as quickly as possible.
long/improperly. Culture medium prewarn at 37°C
until use
Cells grow Medium and/or Check the expiration date on the
slowly supplement label of the products and do not use
stored the product after the expiration date.
incorrectly,
beyond Check the storage conditions as
expiration date described in the product manual.
Confirm that the products were
stored properly.
Low Supplemented Store supplemented medium at 4°C
transfection medium stored for up to 1 month from the time the
efficiency too long or basal medium is supplemented with
improperly reagent A.

Example 3 — Reagents and Kits for tissue single cells isolation and Ad MSCs culture
[00219] In one embodiment, an enzyme digestive reagent (UL™- Tissues MSCs Isolation--
UL™-TMSCs-IS kit) includes 1xPBS with 0.25% Collagenase Type I/ SmM glucose/ 1.5%BSA.
[00220] In one embodiment, the nanoparticle-specific antibody reagent includes
<100 nm Lipid-based Nanoparticle (LNPs) or Polymer-based (PNPs) with specific antibody
depending on customer’s purpose.

[00221] 1. UL™- Mesenchymal Stem Cell Expansion Medium (ULTM-MSC-E)
[00222] In one embodiment, the present invention discloses cell culture reagents for Ad MSCs
and blood cell culture UL™- Mesenchymal Stem Cell Expansion Medium (ULTM-MSC-E).
[00223]  In one embodiment, UL™- Mesenchymal Stem Cell Expansion Medium (ULTM-
MSC-E) includes one or more of the flowing four components.

[00224] A. Basic Ad MSCs (adherent cells) culture medium (Store at 4°C): 500ml of High
glucose DMEM/F12 with L-Glutamine and 2.438g/L. Sodium Bicarbonate, Penicillin-
Streptomycin (10,000U/ml), 1% NEAA. 1% HEPES.

[00225] B. Basic nutrition supplement (Store at -20°C): 25 ml Fetal bovine serum (10%) and
25 ml Horse serum (10%) (Both of sera need Heat Inactivation).

[00226] C. Basic suspension cells culture medium (Store at 4°C): 500ml of high glucose
RPMI 1640 with L-Glutamine and 2.438 g/L. Sodium Bicarbonate, Penicillin- Streptomycin
(10,000U/ml), 1% NEAA. 1% HEPES.
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[00227] D. Nutrition supplement (Store at -20°C): 50ml Fetal bovine serum (10%) (Heat
Inactivation).

[00228] 2. UL™ -Human or Mouse HS/PCs Converting kit (ULTM-hHS/PC-C kit)
[00229] In one embodiment, the present invention discloses reagents for converting Ad MScs
to HS/PCs in vitro.

[00230] The UL™ -Human or Mouse Hematopoietic Stem Cell (HS/PC) Converting kit
(ULTM-hHS/PC-C kit) includes one or more of the following three components.

[00231] A. Basic cell culture medium (Store at 4°C): 500ml of High glucose DMEM/F12 with
L-Glutamine and 2.438g/L. Sodium Bicarbonate, Penicillin-Streptomycin (10,000U/ml), 1%
NEAA. 1% HEPES.

[00232] B. Basic nutrition supplement (Store at -20°C): 25ml Fetal bovine serum (10%) and
25ml Horse serum (10%) (Both of sera need Heat Inactivation).

[00233] C. Converting supplements (Store at -80°C) in Table 6.

Table 6. Converting supplements for UL™ -Human or Mouse HS/PCs Converting kit

Converting Name Final
supplements Concentration
1 Insulin 10ug/ml
2 Holo-Transferrin 160ug/ml

3 Sodium Selenite (ITS liquid) Sng/ml

4 L-Ascorbic Acid 50ug/ml(1mM)
S GM-CSF {10ng/ml)
6 SCF 300ng/ml
7 VEGF 20ng/ml

8 IGF-1 40ng/ml
9 IGF-1II 200ng/ml
10 IL-3 Sng/ml

11 Flt3-L 50ng/ml
12 Thrombopoietin (TPO) 50ng/ml
13 Dexamethasone luM

14 Fatty Acid free BSA 1%

15 1-Thioglycerol 0.45mM
16 SB431842 for 48k 6uM

17 CHIRS%021 for 48hr 3uM

18 Y-27632 for 48hr 10 uM

[00234] 3. UL™ -Human or Mouse Red Blood Cell and Platelets kit (UL™ -h or m RBC
kit) for differentiation of the converted HS/PCs into RBC and Platelets

[00235] In one embodiment, the present invention discloses reagents for inducing

differentiation of the converted HS/PCs into RBC and Platelets, in vitro and in vivo.

28




WO 2024/191888 PCT/US2024/019327

[00236] UL™ -Human or Mouse Red Blood Cell and Platelets kit includes one or more of
three following components.

[00237] A. Basic cell culture medium (Store at 4°C): 500ml of High glucose DMEM/F12 with
L-Glutamine and 2.438g/LL Sodium Bicarbonate, Penicillin- Streptomycin (10,000U/ml), 1%
NEAA. 1% HEPES.

[00238] B. Basic nutrition supplement (Store at -20°C): 50ml Fetal bovine serum (10%) and
50ml Horse serum (10%) (Both of sera need Heat Inactivation).

[00239] C.RBC & Platelets supplements (Store at -80°C) are listed in Table 7.

Table 7. RBC & Platelets supplements for UL™ -Human or Mouse Red Blood Cell and Platelets

kit
RBC & Platelets Name Final Concentration
supplements
1 Insulin 10ug/ml
2 Holo-Transferrin 160ug/ml
3 Sodium Selenite (ITS liquid) Sng/ml
4 L-Ascorbic Acid 50ug/ml(1mM)
5 SCF 300ng/ml
6 VEGF 20ng/ml
7 IGF-I 40ng/ml
8 IGF-II 200ng/ml
9 1L-3 S5ng/ml
10 Flt3-L 50ng/ml
11 Thrombopoietin (TPO) 50ng/ml
12 Dexamethasone luM
13 Fatty Acid free BSA 1%
14 1-Thioglycerol 0.45mM
15 EPO Sng/ml
16 Ferrous Sulfate 900ng/ Il
17 PRGE BB 100ng/ml
19 Aciivin A 100ng/ml

[00240] 4. UL™ -Human or Mouse White Blood Cell kit (UL™ -h or m WBC Kit)
[00241] In one embodiment, the present invention discloses reagents for differentiation of the
converted HS/PCs into various lineages of peripheral WBC in vitro and in vivo. The UL™ -
Human or Mouse White Blood Cell kit (UL™ -h or m WBC kit) includes one or more of the
three following components.

[00242] A. Basic cell culture medium (Store at 4°C): 500ml of High glucose DMEM/F12 with
L-Glutamine and 2.438g/L Sodium Bicarbonate, Penicillin-Streptomycin (10,000U/ml), 1%
NEAA. 1% HEPES.
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[00243] B. Basic nutrition supplement (Store at -20°C): 50ml Fetal bovine serum (10%) and
50ml Horse serum (10%) (Both of sera need Heat Inactivation).
[00244] C. WBC supplements (Store at -80°C) in Table 8.

Table 8. WBC supplements for UL™ -Human or Mouse White Blood Cell kit

WBC Name Final
supplements Concentration
1 Insulin 10ug/ml
2 Holo-Transferrin 160ug/ml
3 Sodium Selenite (ITS | 5Sng/ml
liquid)
4 L-Ascorbic Acid 50ug/ml(1mM)
5 SCF 300ng/ml
6 VEGF 20ng/ml
7 IGF-1 40ng/ml
8 IGF-1I 200ng/ml
9 1L-3 5ng/ml
10 Flt3-L 50ng/ml
11 Thrombopoietin 50ng/ml
(TPO)
12 Dexamethasone 1luM
13 Fatty Acid free BSA 1%
14 1-Thioglycerol 0.45mM
15 BMP4 10ng/ml
16 -7 206g/ml/ Sng/mi/ 2ng/ml
17 f-12 10np/ml
I8 [ 1] Sng/ml
19 I - 10ng/ml
24 1.-2 Zugiml
21 FGF-b 10ng/md/ Sng/md
22 TGH-a Ang/ml
23 TEE-bI Sng/ml
24 THF-b2Z Sng/mi
25 TGE-b3 Sng/ml
26 -1z Sng/mi
27 L-1b Sng/ml
28 -4 Sng/ml
248 1 Sng/ml
30 IL-8 Sng/ml
31 -10 Sugml
32 H-12 Sng/ml
33 if.-32a Sng/mil
34 miL-36R2 Sng/ml
35 GM-CSF 10ng/ml

[00245] S. UL™-Human or Mouse Gene transfection enhancer Kit (UL™-h or m TFK)
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[00246] In one embodiment, the present invention discloses an enhancing system for gene
delivery of the converted HS/PCs in vitro. UL™-Human or Mouse Gene transfection enhancer
Kit (UL™-h or m TFK) includes one or more of the three following components.

[00247] A. Basic cell culture medium (Store at 4°C): 500ml of High glucose DMEM/F12 with
L-Glutamine and 2.438g/L Sodium Bicarbonate, Penicillin-Streptomycin (10,000U/ml), 1%
NEAA. 1% HEPES.

[00248] B. Basic nutrition supplement (Store at -20°C): 50ml Fetal bovine serum (10%) and
50ml Horse serum (10%) (Both of sera need Heat Inactivation).

[00249] C. Gene transfection enhancer supplements (Store at -80°C) in Table 9.

Table 9. Gene transfection enhancer supplements for UL™-Human or Mouse Gene transfection

enhancer Kit

Gene
transfection Name Final Concentration
enhancer
supplements
t Insulin {0ug/ml
2 Holo-Transferrin 160ug/md
3 Sodigm Selentte (118 liguid) Sng/ml
4 L-Ascorbic Acid 50ug/mi{TmM)
5 GM-CSE {10ng/mi}
& SCF 300ng/mi
7 VEGE 20ng/mi
8 iGF-1 40ng/ml
9 IGF-H 200ng/mi
16 -3 Sng/ml
i Fi3-L 500g/mi
i2 Thrombopoietin (TPO) S0ng/ml
i3 Diexamethasone TuM
14 Fatty Acid free BSA 1%
15 1-Thioglycerol 0.45mM
(6 BiiP4 {0ng/ml

7 iL-1a Sng/ral
I8 IL-1h Sng/mi
19 -2 Inglrol
24 -4 Sng/md
21 -8 Sng/rol
22 -6 10ng/mi
23 -7 10ng/ml
24 -8 Sng/mi
25 10 Sngiml
26 {L-12 Sng/ml
27 IL-16 Sngimil
28 iL-328 Sng/ml
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[ 29 | 1L.-36R2 | Sng/ml |

Example 4 - Results of Ad MSCs isolation, culture and conversion to HS/PCs
Identification of the Adipose-derived mesenchymal stem cells (Ad MSC) isolation with a
modified one-step method for both human and mouse fat tissues.

[00250] Fig. 1 shows there is a positive Oil Red O Stained in adipose derived mesenchymal
stem cells (Ad MSC) from both human and mice, as Oil Red O Staining is one of the common
methods to demonstrate adipocyte.

[00251] Figs. 2-3 show that Ad MSCs culture growth curve, that the Ad MSCs growth
increased linearly after 7 days of culture.

[00252] Figs. 4-6 are Imaging Flow Cytometry results. They show the Ad MSCs-specific
markers CD73, CD90, CD90.2 and CD105 are positively expressed in both human and mouse
adipose derived mesenchymal stem cells (Ad MSC). However, CD90.2 marker is expressed in
mouse bone marrow and CD 73 and CD105 was not expressed in mouse bone marrow.
Therefore, the cells are the adipose derived mesenchymal stem cells (Ad MSC) isolated by one-
step method isolation approach. The one-step isolation and Ad MSCs culture medium system can
be use in this flied.

Conversion of Primary Ad MSCs into Hematopoietic Stem/progenitor cells (HS/PC) with
ULTM-h or m HS/PC-C medium vitro.

[00253] Figs. 7-8 show converting Ad MSCs to HS/PCs using the UL™-h or m HS/PC-C
completely medium for culture. The growth of the converted HS/PCs began to form clones from
the third day, and clones became more obvious, and the size of clones increases with the
extension of culture time. This result is almost same for both human and mouse cells. There are
no clones in the Ad MSCs with the UL™- HS/PC-C completely medium.

[00254] Fig. 9 shows the converted mouse HS/PCs that were stained with FITC-Sca-1(pink)
marker (Sca-1 is hematopoietic stem cell specific marker for mice) and sorting by Flow
cytometry. The FITC-Sca-1 positive cell is 11.7% in total sorted cells. It means the HS/PCs
converted rate is 11.7%, which is significantly higher than any existing technologies.

[00255] Fig. 10-11 show that CD90.2(blue) c-kit (CD117) (purple), CD48(green),
CD105(red), CD150(pink) markers (mouse hematopoietic stem cells specific marker) are
positively expressed in converted Sca-1 Positive mouse HS/PC(D). The FITC-Sca-1
marker(green) shows positive expression in live cultured converted mouse HS/PCs(E), as shown

in Fig. 11.
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[00256] Fig. 12 shows flow cytometry results reflecting that CD34(green, red), CD90(yellow,
red) and CD49f (pink) markers are positive expressions in converted HS/PC from human cells.
[00257] Therefore, as it can be observed in Figs. 7-12, both human and mouse Ad MSCs can
form clones and have positive expression of hematopoietic stem cell-specific markers under
UL™.HS/PC-C medium without introduced any exogenous genes in vitro. However, there is no
clone formation in the Ad MSCs cultured in the UL™-HS/PC-C medium.

Differentiation system for converted HS/PCs into various lineages of peripheral blood cells
both in vitro and in vivo

[00258] Converted HS/PCs differentiate into Glycophorin A (CD235a for human and
TER 119 for mouse) and Fetal hemoglobin marker expression:

[00259] In one embodiment, Figs. 13-19 shows in vitro and in vivo results.

[00260] Fig. 13 shows that Glycophorin A(CD235a) (green) marker was positively expressed
in supernatant cells from human converted HS/PC under UL™-hRBC medium after 18 to 23
days culture in Fig. 13 top panel. Fig. 13 bottom panel shows the control from human blood RBC
stained with CD235a(green).

[00261] Fig. 14 shows Image Flow Cytometry results demonstrating that converted human
HS/PCs cultured in UL™ -hRBC completely medium after 18 to 23 days, there are new
suspended cells in the culture medium and positive expression of specific Glycophorin
A(CD235a) (yellow) and Fetal-Hb(green) markers in Fig. 14 bottom panel. Figure B top panel is
the positive control from human blood RBC stained with CD235a and Fetal-Hb. There is only
CD235a (yellow) marker expression in the human blood RBC and no Fetal-Hb(green) marker
expression in the human RBC, because Fetal-Hb is the main oxygen carrier protein in the fetus.
[00262] Fig. 15 shows Glycophorin A (TER 119) (green) marker was positively expressed in
supernatant cells from mouse converted HS/PC under ULTM-mRBC Medium after 18 to 23
days culture. TER 119 is a special marker for mouse red blood cells.

[00263] Fig. 16 shows Image Flow Cytometry results demonstrating that converted mouse
HS/PCs cultured in UL™ -mRBC completely medium after 18 to 23 days, there are new
suspended cells in the culture medium and suspended cells are positive expression of specific
TER 119(yellow) and Fetal-Hb(green) markers on Fig. 16 bottom panel. Fig. 16 top panels are
the positive control from mouse blood RBC stained with TER 119(yellow) and Fetal-Hb(green).
There is no Fetal-Hb(green) marker expression in the mouse blood RBC, because Fetal-Hb is the
main oxygen carrier protein in the fetus.

[00264] Figs. 17-18 show Image Flow Cytometry results demonstrating that there is
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CD45.1(red), TER 119(green) and CD41 markers positive expression in CD45.1 mouse
converted HS/PCs transplanted CD45.2 mouse blood cells on day 23. CD41 is a special marker
for mouse platelets.

[00265] Fig. 19 shows transplantation of the converted HS/PCs of CD45.1 mice into 6 of the
CD45.2 mice, the 4 of the CD45.2 mice were healthy survived for 18 months.

[00266] Therefore, it can be concluded that (1) Glycophorin A(CD235a) (TER 119), and
Fetal-Hb markers were positively expressed in supernatant cells from human and mouse
converted HS/PC culture under UL™-h or m RBC Medium after 18 to 23 days culture in vitro;
(2) Glycophorin A (TER 119), CD41 and CD45.1 markers were positively expressed in CD45.1
mouse converted HS/PCs transplanted CD45.2 mouse blood cells CD45.2 mouse blood on 23
days; (3) the converted hematopoietic stem cells (HS/PCs) differentiate into cells with Fetal-Hb,
Glycophorin A and CD41 markers of positive expression under UL™-h or m RBC Medium in
vitro and in vivo; (4) transplantation results demonstrated that converted HS/PCs can rebuild the
immune system in vivo and are safe for reinfusing into the body.

[00267] This further confirms that HS/PCs converted from AdMSCs can differentiate into
Fetal-Hb, Glycophorin A and CD41 markers of positive expression blood cells and under
innovation UL™ -h or m RBC system without inserting any exogenous genes in vitro and in
vivo.

[00268] Differentiation converted HS/PCs into leukocytes marker positive cells in vitro
and in vivo by UL™ -human or mouse White Blood Cell kit (UL™ -h or m WBC Kkit).
[00269] In one embodiment, Figs. 20-22 show in vitro and in vivo results.

[00270] Fig. 20 shows CBC results reflecting the cells in supernatant from mouse converted
HS/PCs under UL™-mWBC medium at 25 days culture. The WBC are 11.2x10°/ul, LYM
(lymphocytes) are 2.3x10%ul, MONO (monocytes) are 0.8x10*/ul, and GRAN (granulocytes) are
8.1x10%ul.

[00271]  Fig. 21 reflects CBC results showing that the cells in supernatant from mouse
converted HS/PCs under regular medium at day 25 days culture. The WBCs are 0.9x10%/ul,
LYM (lymphocytes) are 0.6x10%/ul, MONO (monocytes) is 0.1x10%ul, and GRAN
(granulocytes) are 0.2x10%ul. (control)

[00272] Fig. 22 is flow cytometry analysis showing that there is positive expression of the
CD45.1 mice of leukocyte markers (CD45.1, CD3/CD45.1, CD19/CD45.1, CD25/CD45 1,
CD11b/CD45.1 and CD68/CD45.1) in the CD45.2 mouse peripheral blood which was
transplanted CD45.1 mouse converted HS/PCs at 31st day.
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[00273] Therefore, this further confirms that HS/PCs converted from Ad MSCs can
differentiate into blood cells with positive expression multi-leukocyte markers under our
innovation ULTM-h or m WBC medium without inserting any exogenous genes in vitro and in
vivo.
[00274] Enhancing system for gene delivery of the converted HS/PCs in vitro (UL™-
TFK).
[00275] Fig. 23 shows there are at least 25 GFP positive cells(green) in the converted HS/PCs
transfected with pLenti-GFP in culture under UL™-TFK medium condition on day 3.
[00276] Fig. 24 shows only 1 GFP positive cell shown in the converted HS/PCs transfected
with pLenti-GFP culture in the regular medium condition on day 3.
[00277] Comparing the gene delivery efficiencies of UL™-TFK medium and regular medium,
the transfection efficiency of UL™-TFK medium is about 25-fold higher than the regular
medium.
[00278] Therefore, the converted HS/PCs derived from Ad MSCs can be good gene delivery
carry-on cells. Also the converted HS/PCs can differentiates into desired cells in a targeted
manner (like T cell, B cell, NK cell and etc.)
[00279] Moreover, the UL™-TFK can increase gene transfection efficiency. That combined
converted HS/PCs and UL™.-TFK together addresses some of the key hurdles experienced in
gene therapy today, specifically the challenges of culturing gene-carrying cells and transfection
in vitro setting.

Example 5 — Protocols for Ad MSCs Isolation, Expansion, and conversion into HS/PCs;

and differentiation converted HS/PCs into various blood cells

Methods and procedures:
[00280] The fat tissues from 5 different strains total 10 mice and 3 human Ad MSCs cell lines.
[00281] In one embodiment, the present invention discloses an in vitro method.
[00282] Ad MSC:s Isolation and Expansion Culture:
[00283] In one embodiment, the present invention discloses an automatic process for Ad
MSCs i1solation and expansion culture.
[00284] 1. 0.5 g mouse intra-abdominal fat tissues wash with wash buffer for 3 times, cut into
0.5 mm? small pieces with scissors under sterile hood. Add 2 ml wash buffer to wash dish and
transfer everything into grinder.
[00285] 2. Selected program at the UL-Automatic multifunctional single cell processor and

Press start button.
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[00286] 3. Transfer the cell flask from the automatic multifunctional single cell processor into
the cell culture incubator at 37 °C with 5% COzin humid conditions. Change the medium twice a
week. One cannot see any cells in the dish for the first two or three days.

[00287] In one embodiment, the present invention discloses a manual process for Ad MSCs
isolation and expansion culture.

[00288] 1. 0.5 g mouse intra-abdominal fat tissues washed with wash buffer for 3 times, cut
into 0.1-3 mm? small pieces with scissors under sterile hood. Add 2 ml wash buffer to wash dish
and transfer everything into a 15 cm sterile centrifuge tube with 8 ml enzyme digestive reagent
(UL™-TMSCs-IS kit). Incubate at 37 °C for 45-60 minutes with shake.

[00289] 2. When the liquid turns into opaque (showing that the fat tissue is completely
decomposed), transfer all liquid into a new 50 ml sterile centrifuge tube equipped with a 70 mm
cell strainer, then pour the liquid into a 100 mm cell strainer in 100 mm culture dish and rinse the
filter membrane with 10 ml washing solution. Tilt the culture dish, use a glass pipette to suck the
liquid from the bottom of the culture dish by vacuum suction (try to make the uppermost liquid
surface contact the bottom of the culture dish). Incubate the dish at room temperature for 10
minutes, then gently add wash solution. Aspirate the lotion as before and repeat 2 times.

[00290] 3. Adding 10 ml of UL™-Ad MSC Expansion Medium (UL™-Ad MSC-E) into the
dish, culture the cell dish in incubator at 37 °C with 5% COzin humidly condition. Change the
medium twice a week. One cannot see any cells in the dish for the first two or three days.
[00291] Converting Ad MSCs to HS/PCs in vitro:

[00292] 1. When the Ad MSCs grow around 90% confluence, wash cells with 1xPBS.
[00293] 2. Add 5 ml to the 60 mm plate or 8 ml to 25 cm Flask UL™-HS/PC-C completely
medium for 48 hours.

[00294] 3. Change UL™-HS/PC-C completely medium to UL™-HS/PC-C medium-2 to
continue culture. Change medium twice per week.

[00295]  One usually can convert HS/PCs around 6 to 8 days. Indentation of the cells by Flow
Cytometry analysis.

[00296] 4. When the clones grow up, subculture according to the manual.

[00297] Differentiation converted into RBC & Platelets Markers cells in vitro.

[00298] 1. When the converted HS/PCs grow around 90% confluence, wash cells with 1xPBS.
[00299] 2. Add 5 ml to the 60 mm plate or 8 ml to 25 cm Flask UL™-RBC completely
medium to culture the cells in incubator at 37 °C with 5% CO; in humid conditions.

[00300] The medium should be added twice a week for the first 10 to 15 days.
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[00301] 3. Just add 5 ml to the 60 mm plate or 8 ml to 25 cm Flask UL™-RBC completely
medium to culture the cells in incubator at 37 °C with 5% CO in humid conditions.

[00302] 4. Just add 10 ml or 20 ml UL™-RBC completely medium twice a week from day 11
to 23. Do not discard the old medium please and carefully observe the cell growth. If you see
new small dark cells in the culture medium, please collect them for further research. At the same
time, add fresh medium to the dish for further culture.

[00303] Differentiation converted into WBC Markers cells in vitro.

[00304] 1. When the converted HS/PCs grow around 90% confluence, wash cells with 1xPBS.
[00305] 2. Add 5 ml to the 60 mm plate or 8 ml to 25 cm Flask UL™-WBC completely
medium to culture the cells in incubator at 37 °C with 5% COz in humid conditions.

[00306] The medium should be added twice a week for the first 15 to 38 days.

[00307] 3. Just add 5 ml to the 60 mm plate or 8 ml to 25 cm Flask UL™-WBC completely
medium to culture the cells in incubator at 37 °C with 5% COz in humid conditions.

[00308] 4. Just add 10 ml or 20 ml UL™-RBC completely medium twice a week from day 16.
Do not discard the old medium please and carefully observe the cell growth. If new small dark
cells appear in the culture medium, collect them for further research. At the same time, add fresh
medium to the dish for further culture.

[00309] Enhancing system for gene delivery of the converted HS/PCs in vitro.

[00310] 1. Isolation and culture the Ad MSCs with UL™ Ad MSCs-IS kit and UL™-Ad
MSC-E kit.

[00311] 2. Converted Ad MSCs to HS/PCs with UL™-HS/PC-C and culture cells for 6 to 8
days, then subculture the converted HS/PCs at 70% or 80% confluence.

[00312] 3. Set transfection experiment by any transfection method.

[00313] 4. After overnight transfection experiment, replace the 5 ml or 10 ml UL™-TFK
completely medium into the cells. Continue culture at 37 °C with 5% CO> in humid conditions.
[00314] 5. The target cells can be selected with any method and sorting the positive cells for
future purpose. Also transfected of converted HS/PCs can differentiates into desired cells in a
targeted manner (like T cell, B cell, NK cell on so on) too. At this point, one can avoid the cell
lack that loses the treatment chance from patient.

[00315] 6. UL™-Ad MSC-E kit. Can give more chance for cells expansion and subculture.
The details, please follow the manual.

[00316] Im Vitro procedures:

[00317] 1. Isolation and culture Ad MSCs from CD45.1 mice are disclosed above.
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[00318] 2. Converting Ad MSCs to HS/PCs for CD45.1 mice are disclosed below.
[00319] 3. After sorting the positive converted HS/PCs, culture the cells with UL™-Ad MSC-
E medium.
[00320] 4. When grown enough positive markers HS/PCs, collecting the cell, and washing
with 1xD-PBC for 3 to 4 times to completely wash away protein components.
[00321] 5. At the transplantation the same day, isolation CD45.2 mice bone marrow cells.
[00322] 6. Suspension of the converted CD45.1-HS/PCs in 0.1ml saline with 1-2x107 cells
and suspension the CD45.2 BM cell in 0.1ml saline with 1-2x107 cells. Then mix both cells well
and keep the cells on ice before injecting them into the mice.
[00323] 7. The CD45.2 recipient mice require radiation exposure twice; the first radiation is 4
hours early and second radiation needs done at 1 hour early before the injecting the cells into to
the CD45 2 recipient.
[00324] 8. Injecting the mixed cell into the recipient mouse through the facial muscles.
[00325] 9. Keep CD45.2 recipient mice in healthy condition and watch carefully.
[00326] 10. Start checking the effect of transplantation on mice for about three weeks by
collecting eye blood or tail blood.
[00327]  11. Analysis by Flow Cytometry.
[00328]  Analysis:
[00329] 1. Oil Red O Stained: practiced accordingly to common knowledge in the field.
[00330] 2. Flow Cytometry analysis: Detail for cell labling acording to the manufacture
manual.
[00331] A. Ad MSCs panel:
[00332] For Human: FITC-CD90, PE-CD73, APC-CD105
[00333] For Mice: FITC-CD90.2, PE-CD73, APC-105
[00334] B. HSCs panel:
[00335] For Human:

Brilliant Violet 421™ anti-human/mouse CD49f

Brilliant Violet 605™ anti-mouse CD45 Antibody

Alexa Fluor® 647 anti-human CD34 Antibody

FITC anti-human CD48 Antibody

PE/Cy5 anti-human CD135 (Fit-3/F1k-2)

PE anti-human CD90 (Thy1) Antibody

APC/Cy7 anti-human CD10 Antibody
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[00336] For Mice:

Brilliant Violet 421™ anti-human/mouse CD49f

Brilliant Violet 711™ anti-mouse Ly-6A/E (Sca-1) Antibody

PE anti-mouse CD90.2 Antibody

PE/Cy7 anti-mouse CD150 (SLAM) Antibody
PE/Cy5 anti-mouse CD135 Antibody

Brilliant Violet 605™ anti-mouse CD45 Antibody
Alexa Fluor® 647 anti-mouse CD34 Antibody
FITC anti-mouse CD48 Antibody

APC/Cy7 anti-mouse CD117 (c-kit) Antibody

[00337] C. RBC panel:

[00338] For Human:
FITC anti-human CD235a
PE anti-human CD62P (P-Selectin) Antibody
APC anti-human CD42b Antibody

[00339] For Mice:
FITC anti-mouse TER-119/Erythroid Cells
PE anti-mouse/rat CD62P (P-selectin) Antibody
APC anti-mouse CD41 Antibody

[00340] D. WBC panel:

[00341] For Human:
Brilliant Violet 421™ anti-human CD25 Antibody
Brilliant Violet 510™ anti-human CD19 Antibody
Brilliant Violet 711™ anti-human CD14 Antibody

Anti-human CD3 PE-Cy5/CD4 PE/CD8 FITC Cocktail

PE/Cy7 anti-human CD1c Antibody
APC anti-human CD56 (NCAM) Antibody
APC/Cy7 anti-human CD68 Antibody
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[00342] For Mice:
Brilliant Violet 421™ anti-mouse CD25 Antibody
Brilliant Violet 510™ anti-mouse CD19 Antibody
Brilliant Violet 711™ anti-mouse CD115 (CSF-1R)
PE anti-mouse CD3 Antibody
PE/Cy7 anti-mouse CD11c Antibody
APC anti-mouse CD49b (pan-NK cells) Antibody
APC/Cy7 anti-mouse CD68 Antibody

[00343] The foregoing description of illustrative embodiments of the invention has been
presented for purposes of illustration and of description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed, and modifications and variations are possible in
light of the above teachings or may be acquired from practice of the invention. The
embodiments were chosen and described in order to explain the principles of the invention and
as practical applications of the invention to enable one skilled in the art to utilize the invention in
various embodiments and with various modifications as suited to the particular use
contemplated. It is intended that the scope of the invention be defined by the claims appended

hereto and their equivalents.
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CLAIMS

What is claimed is:
1. A method of producing hematopoietic stem/progenitor cells (HS/PCs) and blood cells from
adipose derived mesenchymal stem cells (Ad MSCs), the method comprising;

obtaining biological cells of a subject;

expanding the biological cells;

obtaining a pure Ad MSCs cell line from the expanded biological cells;

converting the pure Ad MSCs cell line into HS/PCs in vitro;

expanding the converted HS/PCs in vitro; and

obtaining the expanded HS/PCs.

2. The method according to claim 1, the methods further comprising;
differentiating the expanded HS/PCs into a blood cell line;
wherein the blood cell line comprises at least one of white blood cells (WBC), red blood cells

(RBC), and platelets.

3. The method according to claim 1, wherein the step of converting the pure Ad MSCs cell line

into the HS/PCs does not use any exogenous genes.

4. The method according to claim 1, wherein the step of obtaining the pure Ad MSCs cell line
comprises:

isolating the pure Ad MSCs cell line from the biological sample; and

culturing the pure Ad MSCs cell line.

S. The method according to claim 1, wherein the step of converting the pure Ad MSCs cell line
into the HS/PCs comprises:
using a HS/PCs converting kit.

6. The method according to claim 5, wherein the HS/PCs converting kit comprises:

a basic Ad MSCs culture medium,;

a basic nutrition supplement; and
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a basic converting supplement mixture.

7. The method according to claim 6, wherein the step of converting the pure Ad MSCs cell line
into the HS/PCs comprises:

preparing a HS/PC-C completely medium by mixing the basic nutrition supplement and the
basic converting supplement mixture into the basic Ad MSCs culture medium;

adding the HS/PC-C completely medium to the pure Ad MSCs cell line obtained; and

incubating the pure Ad MSCs cell line in the HS/PC-C completely medium for a period of

time.

8. The method according to claim 5, wherein the step of converting the pure Ad MSCs cell line

into the HS/PCs has a conversion efficiency of more than 10%.

9. The method according to claim 5, wherein the converted HS/PCs have a gene transfection

efficiency 25-fold higher than that of regular converted HS/PCs which are not converted by the

HS/PCs converting kit.
10. The method according to claim 5, wherein the converted HS/PCs comprises gene carry-on
cells.

11. A HS/PCs converting kit for converting adipose derived mesenchymal stem cells (Ad MSCs)
into hematopoietic stem/progenitor cells (HS/PCs), the kit comprising:

a basic Ad MSCs culture medium,;

a basic nutrition supplement; and

a basic converting supplement mixture,

wherein the kit converts the Ad MSCs into HS/PCs.

12 The kit according to claim 11, wherein the basic nutrition supplement comprises fetal bovine

serum and horse serum.

13. The kit according to claim 11, wherein the basic converting supplement mixture comprises at
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least one of insulin, holo-transferrin, sodium selenite (ITS liquid), L-ascorbic acid, GM-CSF, SCF,
VEGF, IGF-1, IGF-II, IL-3, FIt3-L, thrombopoietin (TPO), dexamethasone, fatty acid free BSA, 1-
thioglycerol, SB431542, CHIR99021, and Y-27632.

14. The kit according to claim 14, wherein the basic converting supplement mixture comprises
insulin, holo-transferrin, sodium selenite (ITS liquid), L-ascorbic acid, GM-CSF, SCF, VEGF, IGF-
I, IGF-II, IL-3, FIt3-L, thrombopoietin (TPO), dexamethasone, fatty acid free BSA, 1-thioglycerol,
SB431542, CHIR99021, and Y-27632.

15. A redblood cells (RBCs) and platelets differentiation kit for differentiating hematopoietic
stem/progenitor cells (HS/PCs) into RBCs and platelets, the kit comprising:

a basic cell culture medium;

a basic nutrition supplement; and

a RBCs supplement mixture;

wherein the kit differentiates the HS/PCs into at least one of RBCs and platelets.

t6¢.  The kit according to claim 15, wherein the basic nutrition supplement comprises fetal bovine

serum and horse serum.

17. The kit according to claim 15, wherein the RBCs supplement mixture comprises at least one
of insulin, holo-transferrin, sodium selenite (ITS liquid), L-ascorbic acid, SCF, VEGF, IGF-I, IGF-
I1, IL-3, Flt3-L, thrombopoietin (TPO), dexamethasone, fatty acid free BSA, 1-thioglycerol, EPO,
ferrous sulfate, PDGF BB, activin A.

18. A white blood cells (WBCs) differentiation kit for differentiating hematopoietic
stem/progenitor cells (HS/PCs) into WBCs, the kit comprising:

a basic cell culture medium;

a basic nutrition supplement; and

a WBCs supplement mixture;

wherein the kit differentiates the HS/PCs into WBCs.
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19 The kit according to claim 18, wherein the basic nutrition supplement comprises fetal bovine

serum and horse serum.

20. The kit according to claim 18, wherein the basic converting supplement mixture comprises at
least one of insulin, holo-transferrin, sodium selenite (ITS liquid), L-ascorbic acid, SCF, VEGF,
IGF-1, IGF-11, IL-3, FIt3-L, thrombopoietin (TPO), dexamethasone, fatty acid free BSA, 1-
thioglycerol, BMP4, IL-7, IL-12, IL-11, IL-6, IL-2, FGF-b, TGF-a, TGF-b1, TGF-b2, TGF-b3, IL-
la, IL-1b, IL-4, IL-5, IL-8, IL-10, IL-12, IL-32a, mIL-36R2, GM-CSF.

21.  An automatic multifunctional single cell processor and culture device, the device
comprising:
a housing;

at least one small fluid volume dispenser system disposed inside the housing; and

a tissue grinding system disposed below the small fluid volume dispenser system and in the
housing;

wherein the small fluid volume dispenser system is configured to dispense at least one fluid,

and wherein the tissue grinding system receives the at least one fluid.

22. The device according to claim 21, wherein the small fluid volume dispenser system is

configured to dispense the at least one fluid in a volume between about 5-10 ml.

23. The device according to claim 21, wherein the small fluid volume dispenser system

comprises a cylinder houses one or more pre-filled cartridges.

24, The device according to claim 23, wherein the small fluid volume dispenser system
comprises a top needle disposed above the one or more pre-filled cartridges and a bottom needle

disposed below the one or more pre-filled cartridges.
25.  The device according to claim 24, wherein the top needle and the bottom needle are

configured to move in a vertical direction for piercing the pre-filled cartridges.

26. The device according to claim 21, wherein the tissue grinding system comprises a vial
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mechanically connected to a motor.

27. The device according to claim 26, wherein the vial houses a top grinder plate, a bottom

grinder plate, a filter disposed below the top grinder plate and the bottom grinder plate.

28. The device according to claim 26, wherein the top grinder plate and the bottom grinder plate

are arranged to form a sample disposing place for receiving a biological sample.

29. The device according to claim 28, wherein the tissue grinding system further comprises a

tubing fluidly connected to a bottom of the vial on a first end.

30. The device according to claim 29, wherein the tubing fluidly connected to a dispenser funnel

on a second end.

31.  The device according to claim 21, wherein the device comprises a cellutar tlask rotator,

wherein the celiubar flask rotator comprises multiple magnetic nanoparticles.
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