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COMPOSITIONS AND METHODS FOR 
EXTRACTION OF MESENCHYMAL STEM 

CELLS 

CROSS - REFERENCE 

[ 0001 ] This application is a continuation application of 
PCT / US2021 / 055066 , filed Oct. 14 , 2021 , which claims the 
benefit of U.S. Provisional Application No. 63 / 091,904 , filed 
Oct. 14 , 2020 , which are incorporated herein by reference in 
their entirety . 

BACKGROUND 

a 

[ 0002 ] Induction of immune tolerance with solid organ 
and vascular composite allografts is the gold standard for 
transplantation medicine . Induction of immune tolerance to 
mismatched grafts would obviate the need for life - long 
immunosuppression which is associated with serious 
adverse outcomes , such as renal failure , cancers , and infec 
tions . Currently the most promising means of tolerance 
induction is through establishing a mixed chimeric state by 
transplantation of donor hematopoietic stem cells ; however , 
with the exception of tolerogenic organs such as kidneys , the 
mixed chimerism approach has not achieved durable 
immune tolerance in preclinical or clinical trials with most 
solid organs or vascular composite allotransplants ( VCA ) . 
[ 0003 ] Mesenchymal stem ( stromal ) cells ( MSCs ) have 
been identified as potentially useful adjuvant to stem cell 
transplants ( SCT ) for promoting mixed chimerism as well as 
promoting complementary peripheral immunomodulatory 
functions , along with solid organ transplants ( SOT ) . How 
ever , there are many unresolved issues to address before 
clinical translation of these promising therapeutic cells . A 
primary impediment is the source of MSCs , which are rare 
in all tissues and require invasive procedures for procure 
ment . Low abundance mandates extensive expansion in 
culture to generate sufficient numbers for human dosing . It 
has been observed in the clinical setting that the degree of 
expansion is negatively correlated with outcomes . There 
fore , there exists a need of a robust method of MSC 
extraction at high enough cellular density to improve clinical 
outcomes of SCT , SOT , and VCA . 

[ 0005 ] Another aspect of the present disclosure is a com 
position comprising a population of human mesenchymal 
stem cells ( MSCs ) derived from a population of un - passaged 
or fresh MSCs , wherein the population of human MSCs is 
passaged at least 4 times and comprises a doubling rate of at 
least about 16 to 36 hours . In some embodiments , the 
population of human MSCs is derived from vertebral bodies . 
In some embodiments , the population of human MSCs is 
derived from a population of un - passaged / fresh vertebral 
bone adherent ( VBA ) MSCs . In some embodiments , the 
population of human MSCs is immune - suppressive . In some 
embodiments , the population of human MSCs suppresses 
CD4 + immune cell expansion by at least 1 fold . In some 
embodiments , the population of human MSCs suppresses 
CD4 + immune cell expansion by at least 2 fold . In some 
embodiments , the population of human MSCs suppresses 
CD4 + immune cell expansion by at least 3 fold . In some 
embodiments , the population of human MSCs suppresses 
CD4 + immune cell expansion by at least 4 fold . In some 
embodiments , the population of human MSCs suppresses 
CD8 + immune cell expansion by at least 1 fold . In some 
embodiments , the population of human MSCs suppresses 
CD8 + immune cell expansion by at least 2 fold . In some 
embodiments , the population of human MSCs suppresses 
CD8 + immune cell expansion by at least 3 fold . In some 
embodiments , the vertebral bodies are derived from a 
cadaver . In some embodiments , the population of human 
MSCs comprises less than 5 % CD45 + cells . In some 
embodiments , the population of human MSCs comprises 
more than 1.75 % CD45 + cells . In some embodiments , the 
population of human MSCs comprises at least 90 % CD105 + 
cells . In some embodiments , the population of human MSCs 
comprises at least 90 % CD166 + cells . In some embodi 
ments , the population of human MSCs is passaged at least 
5 times . In some embodiments , the population of human 
MSCs is passaged at least 6 times . In some embodiments , 
the population of human MSCs is passaged at least 7 times . 
In some embodiments , the population of human MSCs is 
passaged at least 8 times . In some embodiments , the popu 
lation of human MSCs is passaged at least 9 times . In some 
embodiments , the population of human MSCs is passaged at 
least 10 times . In some embodiments , the population of 
human MSCs comprises a doubling rate of at least about 16 
to 36 hours over the at least 4 passages . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of at least about 16 to 36 hours over each of the at least 
4 passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over the at least 5 passages . In some embodiments , the 
population of human MSCs comprises a doubling rate of at 
least about 16 to 36 hours over each of the at least 5 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over the at least 6 passages . In some embodiments , the 
population of human MSCs comprises a doubling rate of at 
least about 16 to 36 hours over each of the at least 6 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over the at least 7 passages . In some embodiments , the 
population of human MSCs comprises a doubling rate of at 
least about 16 to 36 hours over each of the at least 7 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over the at least 8 passages . In some embodiments , the 

SUMMARY 

[ 0004 ] An aspect of the present disclosure comprises a 
composition , comprising about at least 10 million cadaveric 
human mesenchymal stem cells ( MSCs ) , wherein said com 
position is capable of inhibiting an immune response within 
a subject . In some embodiments , said composition com 
prises less than 5 % CD45 + cells . In some embodiments , said 
composition comprises at least 90 % CD105 + cells . In some 
embodiments , said composition comprises at least 90 % 
CD166 + cells . In some embodiments , said cadaveric human 
MSCs comprise cadaveric human MSCs derived from bone 
marrow , adherent vertebral body MSCs ( VBA - MSCs ) , or 
both . In some embodiments , said immune response is a 
rejection of a vascular composite allotransplant ( VCAs ) of 
an organ to said subject . In some embodiments , said organ 
is limb . In some embodiments , said organ is a heart , kidney , 
liver , lung , pancreas , intestine , thymus , or uterus . In some 
embodiments , said organ is skin . In some embodiments , said 
composition comprises about at least 10 million , 100 mil 
lion , 1 billion , or 10 billion cadaveric human MSCs . 
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population of human MSCs comprises a doubling rate of at 
least about 16 to 36 hours over each of the at least 8 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over the at least 9 passages . In some embodiments , the 
population of human MSCs comprises a doubling rate of at 
least about 16 to 36 hours over each of the at least 9 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over the at least 10 passages . In some embodiments , 
the population of human MSCs comprises a doubling rate of 
at least about 16 to 36 hours over each of the at least 10 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of less than about 29 hours . 
In some embodiments , the population of human MSCs 
comprises a doubling rate of less than about 29 hours . In 
some embodiments , the population of human MSCs com 
prises a doubling rate of less than about 29 hours . In some 
embodiments , the population of human MSCs comprises a 
doubling rate of less than about 29 hours . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of less than about 29 hours . In some embodiments , the 
population of human MSCs comprises a doubling rate of 
less than about 29 hours . In some embodiments , the popu 
lation of human MSCs comprises a doubling rate of less than 
about 29 hours . In some embodiments , the population of 
human MSCs comprises at least 40 % cells in the S phase of 
the cell cycle . In some embodiments , the population of 
human MSCs comprises at least 45 % cells in the S phase of 
the cell cycle . In some embodiments , the population of 
human MSCs comprises at least 50 % cells in the S phase of 
the cell cycle . In some embodiments , the population of 
human MSCs comprises at least 55 % cells in the S phase of 
the cell cycle . 
[ 0006 ] Another aspect described herein is a method of 
generating a population of mesenchymal stem cells ( MSCs ) , 
the method comprising : grinding a bone into one or more 
ground bone segments ; contacting the one or more ground 
bone segments with a digestion solution ; extracting a sample 
of fresh MSCs from the one or more ground bone segments ; 
passaging the sample of fresh MSCs at least 4 times , 
wherein the sample of fresh MSCs comprise a doubling rate 
of at least about 16 to 36 hours over the at least 4 passages , 
thereby generating the population of MSCs . In some 
embodiments , the digestion solution comprises one or more 
distinct enzymes . In some embodiments , the one or more 
distinct enzymes comprise a collagenase . In some embodi 
ments , the one or more distinct enzymes comprise a neutral 
protease . In some embodiments , the collagenase comprises 
collagenase isoforms C1 and C2 at a ratio comprising more 
collagenase isoform C1 than collagenase isoform C2 . In 
some embodiments , the ratio of collagenase isoform C1 to 
collagenase isoform C2 is about 30:10 to about 70:29 . In 
some embodiments , the ratio of collagenase isoform C1 to 
collagenase C2 is 35:15 . In some embodiments , the diges 
tion solution comprises about 2 to about 20 U / ml of the 
neutral protease . In some embodiments , the digestion solu 
tion comprises the neutral protease at an activity of about 
19.6 U / ml . In some embodiments , the digestion solution is 
present at a ratio of volume to weight of the bone of about 
1 : 1 to about 15 : 1 . In some embodiments , the digestion 
solution is contacted with the bone for up to about 3 hours . 
In some embodiments , the population of MSCs is passaged 
at least 5 times . In some embodiments , the population of 

MSCs is passaged at least 6 times . In some embodiments , 
the population of MSCs is passaged at least 7 times . In some 
embodiments , the population of MSCs is passaged at least 8 
times . In some embodiments , the population of MSCs is 
passaged at least 9 times . In some embodiments , the popu 
lation of MSCs is passaged at least 10 times . In some 
embodiments , the population of MSCs comprises a doubling 
rate of at least about 16 to 36 hours over each of the at least 
4 passages . In some embodiments , the population of MSCs 
comprises a doubling rate of at least about 16 to 36 hours 
over the at least 5 passages . In some embodiments , the 
population of MSCs comprises a doubling rate of at least 
about 16 to 36 hours over each of the at least 5 passages . In 
some embodiments , the population of MSCs comprises a 
doubling rate of at least about 16 to 36 hours over the at least 
6 passages . In some embodiments , the population of MSCs 
comprises a doubling rate of at least about 16 to 36 hours 
over each of the at least 6 passages . In some embodiments , 
the population of MSCs comprises a doubling rate of at least 
about 16 to 36 hours over the at least 7 passages . In some 
embodiments , the population of MSCs comprises a doubling 
rate of at least about 16 to 36 hours over each of the at least 
7 passages . In some embodiments , the population of MSCs 
comprises a doubling rate of at least about 16 to 36 hours 
over the at least 8 passages . In some embodiments , the 
population of MSCs comprises a doubling rate of at least 
about 16 to 36 hours over each of the at least 8 passages . In 
some embodiments , the population of MSCs comprises a 
doubling rate of at least about 16 to 36 hours over the at least 
9 passages . In some embodiments , the population of MSCs 
comprises a doubling rate of at least about 16 to 36 hours 
over each of the at least 9 passages . In some embodiments , 
the population of MSCs comprises a doubling rate of at least 
about 16 to 36 hours over the at least 10 passages . In some 
embodiments , the population of MSCs comprises a doubling 
rate of at least about 16 to 36 hours over each of the at least 
10 passages . In some embodiments , the population of MSCs 
comprises a doubling rate of less than about 29 hours . In 
some embodiments , the population of MSCs comprises less 
than 5 % CD45 + cells . In some embodiments , the population 
of MSCs comprises more than 1.75 % CD45 + cells . In some 
embodiments , the population of MSCs comprises at least 
90 % CD105 + cells . In some embodiments , the population of 
MSCs comprises at least 90 % CD166 + cells . In some 
embodiments , the bone is a vertebral body . In some embodi 
ments , the sample of MSCs comprises vertebral bone adher 
ent ( VBA ) MSCs . In some embodiments , the bone is derived 
from a cadaver . 

[ 0007 ] Another aspect described herein is a method of 
treating a medical condition in a subject suffering therefrom , 
the method comprising administering a composition com 
prising a population of mesenchymal stem cells ( MSCs ) , 
wherein the population of MSCs comprises more than 
1.75 % CD45 + cells . In some embodiments , the population 
of MSCs suppresses CD4 + immune cell expansion by at 
least 1 fold . In some embodiments , the population of MSCs 
suppresses CD4 + immune cell expansion by at least 2 fold . 
In some embodiments , the population of MSCs suppresses 
CD4 + immune cell expansion by at least 3 fold . In some 
embodiments , the population of MSCs suppresses CD4 + 
immune cell expansion by at least 4 fold . In some embodi 
ments , the population of MSCs suppresses CD8 + immune 
cell expansion by at least 1 fold . In some embodiments , the 
population of MSCs suppresses CD8 + immune cell expan 
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sion by at least 2 fold . In some embodiments , the population 
of MSCs suppresses CD8 + immune cell expansion by at 
least 3 fold . In some embodiments , the population of MSCs 
are passaged at least 4 times . In some embodiments , the 
population of MSCs are passaged at least 5 times . In some 
embodiments , the population of MSCs are passaged at least 
6 times . In some embodiments , the population of MSCs are 
passaged at least 7 times . In some embodiments , the popu 
lation of MSCs are passaged at least 8 times . In some 
embodiments , the population of MSCs are passaged at least 
9 times . In some embodiments , the population of MSCs are 
passaged at least 10 times . In some embodiments , the 
population of MSCs comprises a doubling rate of at least 
about 16 to 36 hours over the at least 4 passages . In some 
embodiments , the population of MSCs comprises a doubling 
rate of at least about 16 to 36 hours over each of the at least 
4 passages . In some embodiments , the population of MSCs 
comprises a doubling rate of at least about 16 to 36 hours 
over the at least 5 passages . In some embodiments , the 
population of MSCs comprises a doubling rate of at least 
about 16 to 36 hours over each of the at least 5 passages . In 
some embodiments , the population of MSCs comprises a 
doubling rate of at least about 16 to 36 hours over the at least 
6 passages . In some embodiments , the population of MSCs 
comprises a doubling rate of at least about 16 to 36 hours 
over each of the at least 6 passages . In some embodiments , 
the population of MSCs comprises a doubling rate of at least 
about 16 to 36 hours over the at least 7 passages . In some 
embodiments , the population of MSCs comprises a doubling 
rate of at least about 16 to 36 hours over each of the at least 
7 passages . In some embodiments , the population of MSCs 
comprises a doubling rate of at least about 16 to 36 hours 
over the at least 8 passages . In some embodiments , the 
population of MSCs comprises a doubling rate of at least 
about 16 to 36 hours over each of the at least 8 passages . In 
some embodiments , the population of MSCs comprises a 
doubling rate of at least about 16 to 36 hours over the at least 
9 passages . In some embodiments , the population of MSCs 
comprises a doubling rate of at least about 16 to 36 hours 
over each of the at least 9 passages . In some embodiments , 
the population of MSCs comprises a doubling rate of at least 
about 16 to 36 hours over the at least 10 passages . In some 
embodiments , the population of MSCs comprises a doubling 
rate of at least about 16 to 36 hours over each of the at least 
10 passages . In some embodiments , the population of MSCs 
comprises a doubling rate of less than about 29 hours . In 
some embodiments , the population of MSCs comprises less 
than 5 % CD45 + cells . In some embodiments , the population 
of MSCs comprises at least 90 % CD105 + cells . In some 
embodiments , the population of MSCs comprises at least 
90 % CD166 + cells . In some embodiments , the population of 
MSCs is derived from a bone . In some embodiments , the 
bone is a vertebral body . In some embodiments , the sample 
of MSCs comprises vertebral bone adherent ( VBA ) MS ?s . 
In some embodiments , the bone is derived from a cadaver . 
In some embodiments , the medical condition is a rejection 
of a vascular composite allotransplant ( VCAs ) of an organ 
to the subject . In some embodiments , the organ is limb . In 
some embodiments , the organ is skin , heart , kidney , liver , 
lung , pancreas , intestine , thymus , or uterus . In some 
embodiments , the medical condition is myocardial infarc 
tion , chronic obstructive pulmonary disease ( COPD ) , acute 
respiratory distress syndrome ( ARDS ) , osteogenesis imper 
fection , cartilage defects , Crohn's disease , fistula , liver 

cirrhosis , osteo arthritis , asthma , or graft vs. host disease 
( GVHD ) . In some embodiments , the medical condition is an 
autoimmune disease . In some embodiments , the autoim 
mune disease is rheumatoid arthritis , lupus , celiac disease , 
multiple sclerosis , polymyalgia rheumatica , ankylosing 
spondylitis , type 1 diabetes , alopecia areata , vasculitis or 
temporal arteritis . 
[ 0008 ] Another aspect of the present disclosure comprises 
a method of treating a medical condition in a subject 
suffering thereof , comprising administering to said subject a 
composition comprising at least 10 million cadaveric human 
MSCs . In some embodiments , said cell composition inhibits 
an immune response within said subject . In some embodi 
ments , said medical condition is an autoimmune disease . In 
some embodiments , said medical condition is a myocardial 
infarction . In some embodiments , said medical condition is 
chronic obstructive pulmonary disease ( COPD ) or acute 
respiratory distress syndrome ( ARDS ) . In some embodi 
ments , said medical condition is arthritis . In some embodi 
ments , said composition comprises at least 10 million , 100 
million , 1 billion , or 10 billion cadaveric human MSCs . In 
some embodiments , the method further comprises generat 
ing CD45 - huCD73 + huCD90 + cells within said subject . In 
some embodiments , said cadaveric human MSCs comprise 
cadaveric human MSCs derived from bone marrow , adher 
ent vertebral body MSCs ( VBA - MSCs ) , or both . 
[ 0009 ] Another aspect of the present disclosure comprises 
a method of preparing a composition comprising cadaveric 
human MSCs , comprising : providing a bone derived from a 
deceased donor ; grinding said bone into one or more ground 
bone segments ; filtering said one or more ground bone 
segments ; and extracting said cadaveric human MSCs from 
said one or more ground bone segments . In some embodi 
ments , said extracting of said cadaveric human MSCs com 
prises contacting said bone with a digestion solution . In 
some embodiments , said digestion solution comprises one or 
more distinct enzymes . In some embodiments , said one or 
more distinct enzymes comprise one or more collagenases 
and a neutral protease . In some embodiments , said one or 
more collagenases comprise collagenase isoforms C1 and 
C2 at a ratio comprising more collagenase isoform C1 than 
collagenase isoform C2 . In some embodiments , said ratio of 
collagenase isoform C1 to collagenase isoform C2 is about 
30 to about 70 : about 10 to about 29. In some embodiments , 
said ratio of collagenase isoform C1 to collagenase C2 is 
35:15 . In some embodiments , said digestion solution is 
present at a ratio of volume to weight of said bone and said 
digestion solution of about 1 : 1 to about 15 : 1 . In some 
embodiments , said digestion solution comprises about 2 to 
about 20 U / ml of said neutral protease . In some embodi 
ments , said digestion solution comprises said neutral pro 
tease at an activity of about 19.6 U / ml . In some embodi 
ments , said digestion solution is contacted with said bone for 
up to about 3 hours . In some embodiments , at least 10 
million , 100 million , 1 billion , or 10 billion cadaveric human 
MSCs are extracted from said one or more ground bone 
segments . 
[ 0010 ] Another aspect of the present disclosure comprises 
a composition , comprising : at least about 10 million cadav 
eric human mesenchymal stem cells ( MSCs ) ; and at least 
about 500,000 nucleated bone marrow cells or derivatives 
thereof , wherein said composition is capable of inhibiting an 
immune response . In some embodiments , said composition 
further comprises a human organ . In some embodiments , 
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embodiments , the method further comprises additionally 
administering at least 10 million cadaveric human mesen 
chymal stem cells ( MSCs ) to said subject in need thereof 1 
day after ( b ) , 2 days after ( b ) , 3 days after ( b ) , 4 days after 
( b ) , or any combination thereof . 
[ 0012 ] In another aspect , a composition of donor - matched 
VBA - MSC is provided to augment mechanisms of mixed 
chimerism with BM transplant as well as provide peripheral 
immunomodulatory functions to achieve durable tolerance 
for major histocompatibility complex mismatched solid 
organ and vascular composite tissue transplants . 
[ 0013 ] Additional aspects and advantages of the present 
disclosure will become readily apparent to those skilled in 
this art from the following detailed description , wherein 
only illustrative embodiments of the present disclosure are 
shown and described . As will be realized , the present 
disclosure is capable of other and different embodiments , 
and its several details are capable of modifications in various 
obvious respects , all without departing from the disclosure . 
Accordingly , the drawings and description are to be regarded 
as illustrative in nature , and not as restrictive . 

m 

said human organ is a heart , kidney , liver , lung , pancreas , 
intestine , thymus , or uterus . In some embodiments , said 
nucleated bone marrow cells or derivatives thereof comprise 
hematopoietic stem cells ( HSCs ) . In some embodiments , 
said cadaveric human MSCs comprises a matched HLA 
haploid type as said nucleated bone marrow cells or deriva 
tives thereof . In some embodiments , said cadaveric human 
MSCs comprises a matched HLA haploid type as said 
human organ . In some embodiments , said cadaveric human 
MSCs comprises a mis - matched HLA haploid type as said 
human organ . In some embodiments , said cadaveric human 
MSCs and said nucleated bone marrow cells or derivatives 
thereof comprise a mis - matched HLA haploid type as said 
human organ . In some embodiments , said composition com 
prises at least 100 million , 1 billion , or 10 billion cadaveric 
human MSCs . In some embodiments , said composition 
comprises at least 1 million , 1.5 million , or 2 million 
nucleated bone marrow cells or derivatives thereof . In some 
embodiments , said cadaveric human MSCs comprise cadav 
eric human MSCs derived from bone marrow , adherent 
vertebral body MSCs ( VBA - MSCs ) , or both . 
[ 0011 ] Another aspect of the present disclosure comprises 
a method of treating a medical condition in a subject 
suffering thereof , comprising : administering at least 500,000 
nucleated bone marrow cells or derivatives thereof to said in 
need thereof ; and administering at least 10 million cadaveric 
human mesenchymal stem cells ( MSCs ) to said subject 
suffering thereof . In some embodiments , said medical con 
dition comprises an autoimmune disease . In some embodi 
ments , said autoimmune disease comprises graft verses host 
disease ( GVHD ) . In some embodiments , said nucleated 
bone marrow cells or derivatives thereof comprise hema 
topoietic stem cells ( HSCs ) . In some embodiments , said 
cadaveric human MSCs comprises a matched HLA haploid 
type as said nucleated bone marrow cells or derivatives 
thereof . In some embodiments , said cadaveric human MSCs 
comprises a mis - matched HLA haploid type as said nucle 
ated bone marrow cells or derivatives thereof . In some 
embodiments , the method further comprises , prior to ( a ) , 
transplanting an organ into said subject suffering from said 
medical condition . In some embodiments , said cadaveric 
human MSCs and said nucleated bone marrow cells or 
derivatives thereof comprise a mis - matched HLA haploid 
type as said human organ . In some embodiments , the method 
further comprises administering rapamycin to said subject in 
need thereof for between about 0 days to about 21 days from 
said transplanting said organ . In some embodiments , the 
method further comprises administering about 0.1 mg / kg to 
about 1 mg / kg of rapamycin to said subject on one or more 
days . In some embodiments , the method further comprises 
administering CTLA4 - Ig to said subject . In some embodi 
ments , said CTLA4 - Ig is administered on the same day as 
said transplanting of said human organ , 2 days after said 
transplanting of said human organ , 4 days after said trans 
planting of said human organ , 6 days after said transplanting 
of said human organ , or any combination thereof . In some 
embodiments , the method further comprises generating 
CD45 + H2d + cells in a background of CD45 + H2b + cells . In 
some embodiments , the method further comprises generat 
ing CD45 - huCD73 + huCD90 + cells . In some embodiments , 
the method further comprises generating a mixed chimerism 
within said subject . In some embodiments , said mixed 
chimerism is maintained for at least 120 days from admin 
istration of said nucleated bone marrow cells . In some 

Incorporation by Reference 
[ 0014 ] All publications , patents , and patent applications 
mentioned in this specification are herein incorporated by 
reference to the same extent as if each individual publica 
tion , patent , or patent application was specifically and indi 
vidually indicated to be incorporated by reference . To the 
extent publications and patents or patent applications incor 
porated by reference contradict the disclosure contained in 
the specification , the specification is intended to supersede 
and / or take precedence over any such contradictory mate 
rial . 

BRIEF DESCRIPTION OF THE DRAWINGS 

a 

[ 0015 ] This patent application contains at least one draw 
ing executed in color . Copies of this patent or patent 
application with color drawing ( s ) will be provided by the 
Office upon request and payment of the necessary fee . 
[ 0016 ] The novel features of the invention are set forth 
with particularity in the appended claims . A better under 
standing of the features and advantages of the present 
invention will be obtained by reference to the following 
detailed description that sets forth illustrative embodiments , 
in which the principles of the invention are utilized , and the 
accompanying drawings ( also “ Figure ” and “ FIG . ” herein ) , 
of which : 
[ 0017 ] FIG . 1 is a view of a filtration system according to 
one feature of the present disclosure . 
[ 0018 ] FIG . 2 is a perspective view of a cooling box 
according to one aspect of the present disclosure . 
[ 0019 ] FIG . 3 is a flowchart of one method according to 
the present disclosure . 
[ 0020 ] FIGS . 4A and 4B are perspective views of a bone 
debriding station . 
[ 0021 ] FIGS . 5A and 5B are perspective and front views 
of a bone grinding station . 
[ 0022 ] FIG . 6 is a perspective view of a sieve station . 
[ 0023 ] FIG . 7 is a chart showing the neutral protease 
activity at a fixed concentration of collagenase enzyme . 
Collagenase concentration was held constant at 0.4 U / ml 
and the activity of added neutral protease were 2.4 , 3.3 , 4.9 , 
9.8 and 19.6 U / ml . Recovered cells were plated at 2x105 

a 

a 
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laboratory to generate sufficient numbers required to treat 
typical adult patients . To address this shortcoming , the 
systems and methods disclosed herein provide a needed 
complement to existing MSC and BM sources and extrac 
tion methodologies capable of producing MSCs and BM in 
sufficient quantity for the aforementioned applications . 
[ 0031 ] The methods and systems disclosed herein enable 
the extraction of large quantities of MSCs from human 
vertebral bone termed ( VBA - MSCs ) wherein MSCs have 
been found in > 2x107 / donor of primary uncultured MSCs 
tightly adhered to the medullary cavity bone matrix . 
[ 0032 ] Additionally , compositions of vBA - MSCs , HSC , 
donor bone marrow , and combinations thereof are disclosed 
herein for therapeutic immunomodulatory and adjunctive 
disease treatment . 

Definitions 

cells / cm² and allowed to reach confluence and then counted . 
Values are means + standard deviations of triplicate experi 
ments . 
[ 0024 ] FIG . 8 is a chart showing the collagenase activity 
at a fixed concentration of neutral protease . Neutral protease 
concentration was held constant at 19.4 U / ml and a series of 
collagenase activities , ranging between 0.2 and 1.8 U / ml , 
was tested for release of cells from 1 g of VB bone 
fragments . The was no difference in total viable cell yield 
between any of the levels of collagenase . Values are means + 
standard deviations of triplicate experiments . 
[ 0025 ] FIG . 9 is a chart showing potent suppression of 
stimulated T cells by vBA - MSC either with or without prior 
IFNy simulation . Ratios of vBA - MSC : PBMC 
[ 0026 ] FIG . 10 is a chart showing that human VBA - MSC 
promote chimerism of murine BM HSC . C57B1 / 6 ( CD45.1 ) 
mice were lethally irradiated ( 872 cGy ) and transplanted 24 
hours later with either 100,000 ( positive control ) , 20,000 or 
40,000 whole BM cells from Boy ) ( CD45.2 ) mice . One 
million human VBA - MSC were injected at 24 and 72 hours . 
Chimerism was measure in the BM of mice surviving 1 
month . 
[ 0027 ] FIG . 11 illustrates the current “ industrialized ” BM 
recovery and processing workflow . 
[ 0028 ] FIG . 12 illustrates a comparison between VBA 
MSCs ( marked as “ 001A ” ) prepared by the methods 
described herein and bone marrow derived MSCs ( derived 
from the same donor as the VBA - MSCs ) ( marked as 
" 001M " ) prepared using standard procedures known in the 
art . Specifically , FIG . 12 illustrates that at passages 2 and 4 , 
the VBA - MSC population comprises a higher percentage of 
cells in the S phase of the cell cycle relative to the bone 
marrow derived MSCs ( BM - MSCs ) . 
[ 0029 ] FIG . 13 illustrates a comparison between VBA 
MSCs prepared by the methods described herein and BM 
MSCs prepared using standard procedures known in the art . 
Specifically , FIG . 13 illustrates the difference in T cell 
expansion index ( progeny / parent populations ) without 
stimulation ( i.e. , basal ) and IFNg stimulation ( fully 
induced ) . 

> 

2 

[ 0033 ] While preferred embodiments of the present dis 
closure have been shown and described herein , it will be 
obvious to those skilled in the art that such embodiments are 
provided by way of example only . Numerous variations , 
changes , and substitutions will now occur to those skilled in 
the art without departing from the disclosure . It should be 
understood that various alternatives to the embodiments of 
the disclosure described herein may be employed in prac 
ticing the disclosure . It is intended that the following claims 
define the scope of the disclosure and that methods and 
structures within the scope of these claims and their equiva 
lents be covered thereby . 
[ 0034 ] Use of absolute or sequential terms , for example , 
“ will , ” “ will not , ” “ shall , ” “ shall not , ” “ must , ” “ must not , ” 
“ first , ” “ initially , ” “ next , ” “ subsequently , ” “ before , ” “ after , ” 
" lastly , ” and “ finally , ” are not meant to limit scope of the 
present embodiments disclosed herein but as exemplary . 
[ 0035 ] As used herein , the singular forms “ a ” , “ an ” and 
“ the ” are intended to include the plural forms as well , unless 
the context clearly indicates otherwise . Furthermore , to the 
extent that the terms “ including ” , “ includes ” , “ having ” , 
" has " , " with ” , or variants thereof are used in either the 
detailed description and / or the claims , such terms are 
intended to be inclusive in a manner similar to the term 
" comprising . " 
[ 0036 ] As used herein , the phrases “ at least one ” , “ one or 
more ” , and “ and / or ” are open - ended expressions that are 
both conjunctive and disjunctive in operation . For example , 
each of the expressions “ at least one of A , B and C ” , “ at least 
one of A , B , or C ” , “ one or more of A , B , and C ” , “ one or 
more of A , B , or C ” and “ A , B , and / or C ” means A alone , 
B alone , C alone , A and B together , A and C together , B and 
C together , or A , B and C together . 
[ 0037 ] As used herein , “ or ” may refer to " and ” , “ or , " or 
“ and / or " and may be used both exclusively and inclusively . 
For example , the term “ A or B ” may refer to “ A or B ” , “ A 
but not B ” , “ B but not A ” , and “ A and B ” . In some cases , 
context may dictate a particular meaning . 
[ 0038 ] Any systems , methods , software , and platforms 
described herein are modular . Accordingly , terms such as 
“ first ” and “ second ” do not necessarily imply priority , order 
of importance , or order of acts . 
[ 0039 ] The term “ about " when referring to a number or a 
numerical range means that the number or numerical range 
referred to is an approximation within experimental vari 
ability ( or within statistical experimental error ) , and the 
number or numerical range may vary from , for example , 

DETAILED DESCRIPTION 

2 

[ 0030 ] Typically , patients undergoing lifesaving proce 
dures of SCT , SOT , and VCA are subjected to a life - long 
requirement of immune suppressing drugs that prevent their 
body from rejecting the organ or tissue graft . Unfortunately , 
immunosuppression drugs have been found to be associated 
with severe medical issues such as cancer , kidney failure and 
infections . Therefore , new medical procedures that reduce or 
overcome the need for immunosuppressive drugs are greatly 
needed . Previously deceased donor vertebral bodies ( VB ) 
BM SCT transplants from matched diseased organ donors 
have been found to induce immune tolerance following SOT 
and VCA . It is suggested that immunosuppression induction 
from transplanted VB BM STC rely on establishing mixed 
chimerism by SCT . It has also been suggested that MSCs 
promote stem cell engraftment in the BM and induce 
FoxP3 + TREG cell expansion as wells as possess additional 
synergistic immunomodulatory properties . Additionally , 
MSCs have been shown to possess potent immune system 
modulating activities which has contributed to widespread 
testing in clinical trials for various diseases associated with 
immune system dysfunction . Unfortunately , MSCs are 
extremely hard to obtain and subsequently grow in the 
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from 1 % to 15 % of the stated number or numerical range . In 
examples , the term “ about ” refers to + 10 % of a stated 
number or value . 
[ 0040 ] The terms “ increased ” , “ increasing " , or " increase ” 
are used herein to generally mean an increase by a statically 
significant amount . In some aspects , the terms “ increased , ” 
or “ increase , ” mean an increase of at least 10 % as compared 
to a reference level , for example an increase of at least about 
10 % , at least about 20 % , or at least about 30 % , or at least 
about 40 % , or at least about 50 % , or at least about 60 % , or 
at least about 70 % , or at least about 80 % , or at least about 
90 % or up to and including a 100 % increase or any increase 
between 10-100 % as compared to a reference level , stan 
dard , or control . Other examples of “ increase ” include an 
increase of at least 2 - fold , at least 5 - fold , at least 10 - fold , at 
least 20 - fold , at least 50 - fold , at least 100 - fold , at least 
1000 - fold or more as compared to a reference level . 
[ 0041 ] The terms , " decreased " , " decreasing " , 
“ decrease ” are used herein generally to mean a decrease by 
a statistically significant amount . In some aspects , 
“ decreased ” or “ decrease ” means a reduction by at least 10 % 
as compared to a reference level , for example a decrease by 
at least about 20 % , or at least about 30 % , or at least about 
40 % , or at least about 50 % , or at least about 60 % , or at least 
about 70 % , or at least about 80 % , or at least about 90 % or 
up to and including a 100 % decrease ( e.g. , absent level or 
non - detectable level as compared to a reference level ) , or 
any decrease between 10-100 % as compared to a reference 
level . In the context of a marker or symptom , by these terms 
is meant a statistically significant decrease in such level . The 
decrease can be , for example , at least 10 % , at least 20 % , at 
least 30 % , at least 40 % or more , and is preferably down to 
a level accepted as within the range of normal for an 
individual without a given disease . 

or 

cabinet ) with an ISO - 7 ( class 10,000 ) background ( clean 
room ) , with special care taken to sterilize the bag containing 
the donor bone , such as by spraying with 70 % isopropanol . 
In one embodiment , the debridement is conducted manually 
using scalpels , osteotomes and gouges . In processing ver 
tebrae , typically a spinal segment including multiple verte 
bral levels will be provided . In a typical case , the spine 
segment runs from T8 to L5 , for ten vertebral bodies . During 
initial debridement of the spinal segment , when enough soft 
tissue has been removed to visualize the pedicles , the 
pedicles are removed using either a tissue processing band 
saw or a bone saw , such as the Stryker System 6 Saw 
( Stryker , Kalamazoo , Mich . ) . Special care is taken to avoid 
breaching the cortical bone which would expose the can 
cellous bone , to ensure that the hypoxic cancellous bone 
marrow remains protected throughout the entire debriding 
process . The anterior element of the vertebral bodies remain , 
while the pedicles and posterior elements are discarded . 
[ 0046 ] Using a boning knife or tissue processing band saw , 
the vertebral bodies are separated at the intervertebral discs . 
The intervertebral disc and soft tissue remaining on each 
vertebral body is removed with a scalpel , scissors and / or 
osteotomes , leaving clean , separated VBs . In the case of 
donor ilium , the soft tissue can be removed with gouges and 
a scalpel , with special care again taken to ensure that the 
cortical bone is not breached . Any anatomical pathologies or 
injuries of the bone are noted and recorded as part of the 
batch record for the marrow ultimately obtained from the 
bones . Bones damaged during the recovery process are 
discarded . 
[ 0047 ] The VBs are placed into a sterile bag and sub 
merged in a 10 % bleach solution , yielding a concentration of 
5,000 ppm free chlorine , for a predetermined period , typi 
cally 5 or more minutes . Bleach has a broad spectrum of 
anti - microbial activity , does not leave a toxic residue , is 
unaffected by water hardness and is fast acting . At the end 
of the period , the bones are transferred to another sterile bag 
and submerged in a 3 % hydrogen peroxide ( H2O2 ) solution . 
The bag is closed and shaken briefly to ensure that the entire 
surface of the bone is in contact with the solution . Most 
living cells include catalase , which is an enzyme that cata 
lyzes the breakdown of H2O2 into H20 and 02. This break 
down manifests as foam or froth when the H2O2 solution 
contacts soft tissue but not bone . The foam level can be 
observed as an indication of the amount of soft tissue 
remaining on the bone . This observation can be performed 
manually by a human processor or , in another embodiment , 
by an automated processor . The automated processor incor 
porates a visualization device , such as a camera , and object 
recognition software that can determine foam levels within 
the bag . The addition of an inert contrast dye can help the 
human or automated processor detect the foam level . If any 
foam or froth is observed , the bone is returned for further 
processing to remove all of the remaining soft tissue from 
the bone . Once the VBs or ilium has been cleaned of all soft 
tissue , the bones are transferred to a new sterile bag . The bag 
is filled with 1L of PLASMA - LYTETM ( multiple electrolytes 
injection obtained from Baxter Healthcare , Ltd. ) , or other 
suitable sterile , nonpyrogenic isotonic solution . The bag is 
closed and shaken briefly to ensure that the entire bone is 
contacted with the PLASMA - LYTETM . 
[ 0048 ] Bone marrow from each group of VBs processed at 
different duration of bleach treatment can be tested by flow 
cytometry to assess the viability of the cells isolated from the 

Preparing the Donor Bone 
[ 0042 ] In some embodiments , the donor bone is vertebral 
bodies . However , it is understood that the methods described 
herein can be used on the ilium , a combination of the 
vertebral bodies and ilium , or other bones suitable for 
extraction of MSCs , even donor bones with lower expected 
yields . 
[ 0043 ] It is understood that the donor bones can be pro 
cured according to fixed protocols for clinical recovery . 
Bones can be recovered by surgeons or by personnel at a 
trained OPO ( organ procurement organization ) using an 
osteotome and mallet from consented organ and tissue 
donors . Unprocessed bones are preferably wrapped in 
sponges and towels soaked in saline to ensure moisture 
retention during hypothermic shipment on wet ice at a 
temperature of 0 to 10 ° F. to a processing facility . 
[ 0044 ] The process for preparing the donor bone can occur 
soon after the bone is obtained from the deceased donor or 
can occur after the donor bone has been shipped in a 
hypothermic environment to a processing facility . Since the 
donor bone can experience prolonged periods of ischemia 
during recovery and shipment to the processing facility , care 
must be taken to track the length and type of ischemia i.e. , 
warm ischemia and cold ischemia . As described in more 
detail herein , bone subject to predetermined periods of warm 
and / or cold ischemia are suitable for obtaining meaningful 
quantities of viable bone marrow cells . 
[ 0045 ] During the processing of the donor bone , the bone 
is debrided in an ISO - 5 ( class 100 ) environment ( biosafety 
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. bone marrow ( Table 1 ) . As seen from Table , soaking the VBs 
for more than 10 minutes yields no significant difference in 
cell viability compared to when the VBs are soaked for up 
to 25 minutes . 

TABLE 1 

Bleach Soak of Vertebral Bodies 

Time Point 
( min ) 

CD45 + 
% Viability 

CD34 + 
% Viability 

CD3 + 
% Viability 

a 
10 
15 
20 
25 
Avg . 
SD 

88.59 
88.78 
87.12 
86.81 
87.825 
0.869554 

95.92 
97.95 
96.85 
96.75 
96.8675 
0.721747 

80.50 
75.61 
71.14 
71.67 
74.73 
3.752299 

[ 0049 ] In some embodiments , the bleach treatment com 
prises using 1 % , 2 % , 3 % , 4 % , 5 % , 6 % , 7 % , 8 % , 9 % , 10 % , 
11 % , 12 % , 13 % , 14 % , 15 % , 20 % , 25 % , 30 % , 35 % , 40 % , 
45 % , 50 % , or higher percentage of bleach . In some embodi 
ments , the bleach treatment comprises contacting the VBs 
with bleach for at least 1 minute , 2 minutes , 3 minutes , 4 
minutes , 5 minutes , 6 minutes , 7 minutes , 8 minutes , 9 
minutes , 10 minutes , 11 , minutes , 12 minutes , 13 minutes , 
14 minutes , 15 minutes , 20 minutes , 25 minutes , 30 minutes , 
35 minutes , 40 minutes , 45 minutes , 50 minutes , or longer 
duration . In some embodiments , the viability of the bone 
marrow cells isolated from the VBs treated with the bleach 
treatment is not significantly decreased at any duration of 
bleach treatment described herein compared to bone marrow 
cells isolated from the VBs without the bleach treatment . In 
some embodiments , the viability of the bone marrow cells 
isolated from the VBs treated with 11 minutes , 12 minutes , 
13 minutes , 14 minutes , 15 minutes , 20 minutes , 25 minutes , 
30 minutes , 35 minutes , 40 minutes , 45 minutes , 50 minutes , 
or longer duration of the bleach treatment is not decreased 
or is decreased by less than 3 % compared to the viability of 
the bone marrow cells isolated from the VBs treated with the 
10 minutes bleach treatment . In some embodiments , the 
viability of the bone marrow cells isolated from the VBs 
treated with more than 10 minutes decreased by less than 2 % 
compared to the viability of the bone marrow cells isolated 
from the VBs treated with the 10 minutes bleach treatment . 
In some embodiments , the viability of the bone marrow cells 
isolated from the VBs treated with more than 10 minutes 
decreased by less than 1 % compared to the viability of the 
bone marrow cells isolated from the VBs treated with the 10 
minutes bleach treatment . 
[ 0050 ] The bone is removed from the bag and from the 
PLASMA - LYTETM , and a sterile gauze or sponge is used to 
absorb any liquid remaining on the VBs . In one approach , a 
saw and / or anvil shears are used to cut the VBs are cut into 
smaller pieces , such as 1.5 cm² pieces , that are small enough 
for fragmenting with a bone grinder . In order to simplify the 
process and for increased safety to the processing personnel , 
a custom bone cutting tool as described in PCT / US2020 / 
025778 , which is hereby incorporated by reference in its 
entirety , is provided is used to cut the VBs into the smaller 
pieces . 
Recovery of MSCs from Processed Bone 
[ 0051 ] In another feature of the systems and methods 
disclosed herein , a method is provided for preparing a 
composition of cadaveric human MSCs from bone . In some 

embodiments , the preparation may include providing a bone 
derived from a deceased donor , grinding the bone into one 
or more ground bone segments , filtering the one or more 
ground bone segments and extracting the cadaveric human 
MSCs from the one or more ground bone segments . In some 
embodiments , the MSCs may be recovered from thawed or 
cryopreserved VB bone fragments . In some embodiments , 
the extracted cadaveric human MSCs may be adherent 
vertebral body mesenchymal stem cells ( VBA - MSCs ) . In 
some embodiments , the extracted cadaveric human MSCs 
are derived from a bone or fragments thereof that has already 
been processed to remove bone marrow or derivates thereof 
associated with the bone or fragment thereof ( e.g. bone 
marrow derived cells , hematopoietic stem cells ) . In some 
embodiments , the extracted cadaveric human MSCs are 
derived from a bone or fragments thereof that has been 
processed for bone marrow and / or bone marrow - derived 
cells ( e.g. hematopoietic stem cells ) as described herein . In 
some embodiments , the extracted cadaveric human MSCs 
are derived from the bone grindings and / or segments 
described herein following filtration and / or extraction and / or 
isolation of bone marrow and / or bone marrow - derived cells 
as described herein . The processing and extraction of viable 
VBA - MSCs from the bone and / or derivates thereof ( e.g. 
bone grindings described herein , bone segments described 
herein ) results in significant improvements in cell yield , 
especially with respect to total cell yield ( VBA - MSCs and 
hematopoietic stem cells ) per weight of bone derived from 
a donor , and viability of cells with respect to the state of the 
art . In some embodiments , the VBA - MSCs described herein 
can be combined with bone marrow - derived MSCs isolated 
from bone marrow isolated and processed as described 
herein . 

[ 0052 ] In some embodiments , the extraction of cadaveric 
human MSCs may include contacting the bone or deriva 
tives thereof with a digestion solution . In some embodi 
ments , the digestion solution may include one or more 
distinct enzymes . In some embodiments , the one or more 
distinct enzymes may include one or more collagenases and 
neutral proteases . In some embodiments , the digestion solu 
tion may be present at a ratio of volume to weight of the one 
or more ground bone segments and digestion solution of 
about 1 : 1 to about 15 : 1 . In some embodiments , the ratio may 
be 1 : 1 , 2.5 : 1 , 5 : 1 , 7.5 : 1 , 10 : 1 and 15 : 1 ( volume : weight ) . In 
some embodiments , the combination of one or more colla 
genases and neutral proteases is used to obtain the highest 
possible yields of vBA - MSC . 
[ 0053 ] In some embodiments , a collagenase may include 
Clostridium histolyticum further comprising two active iso 
forms , Cl and C2 . In some embodiments , one or more 
collagenases comprising isoforms C1 and C2 may be present 
in the digestion solution at a ratio comprising more colla 
genase isoform C1 than collagenase isoform C2 . In some 
embodiments , the ratio of collagenase isoform C1 to colla 
genase isoform C2 may be about 30 to about 70 : about 10 
to about 29. In some embodiments , the ratio of collagenase 
isoform C1 to collagenase C2 may be 35:15 . In some 
embodiments , the mass ratio of C1 and C2 for each con 
centration may be 70:30 , 54:46 , 37:63 , 82:18 , 54:46 , and 
90:10 . 
[ 0054 ] In some embodiments , the neutral protease may be 
Paneibacillus polymyxa neutral protease . In some embodi 
ments , the neutral protease concentration may be about 2 
U / ml to about 21 U / ml . In some embodiments , the neutral 
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protease concentration may be about 2 U / ml to about 7 
U / ml , about 2 U / ml to about 12 U / ml , about 2 U / ml to about 
17 U / ml , about 2 U / ml to about 21 U / ml , about 7 U / ml to 
about 12 U / ml , about 7 U / ml to about 17 U / ml , about 7 U / ml 
to about 21 U / ml , about 12 U / ml to about 17 U / ml , about 12 
U / ml to about 21 U / ml , or about 17 U / ml to about 21 U / ml . 
In some embodiments , the neutral protease concentration 
may be about 2 U / ml , about 7 U / ml , about 12 U / ml , about 
17 U / ml , or about 21 U / ml . In some embodiments , the 
neutral protease concentration may be at least about 2 U / ml , 
about 7 U / ml , about 12 U / ml , or about 17 U / ml . In some 
embodiments , the neutral protease concentration may be at 
most about 7 U / ml , about 12 U / ml , about 17 U / ml , or about 
21 U / ml . In some embodiments , the digestion solution may 
comprise the neutral protease at an activity of about 19.6 
U / ml . 

2 

[ 0055 ] In some embodiments , the collagenase concentra 
tion is about 0.05 U / ml to about 1.6 U / ml . In some embodi 
ments , the collagenase concentration is about 0.05 U / ml to 
about 0.1 U / ml , about 0.05 U / ml to about 0.15 U / ml , about 
0.05 U / ml to about 0.2 U / ml , about 0.05 U / ml to about 0.25 
U / ml , about 0.05 U / ml to about 0.3 U / ml , about 0.05 U / ml 
to about 0.35 U / ml , about 0.05 U / ml to about 0.4 U / ml , 
about 0.05 U / ml to about 0.8 U / ml , about 0.05 U / ml to about 
1.2 U / ml , about 0.05 U / ml to about 1.6 U / ml , about 0.1 U / ml 
to about 0.15 U / ml , about 0.1 U / ml to about 0.2 U / ml , about 
0.1 U / ml to about 0.25 U / ml , about 0.1 U / ml to about 0.3 
U / ml , about 0.1 U / ml to about 0.35 U / ml , about 0.1 U / ml to 
about 0.4 U / ml , about 0.1 U / ml to about 0.8 U / ml , about 0.1 
U / ml to about 1.2 nl , about 0.1 U / ml to about 1.6 U / ml , 
about 0.15 U / ml to about 0.2 U / ml , about 0.15 U / ml to about 
0.25 U / ml , about 0.15 U / ml to about 0.3 U / ml , about 0.15 
U / ml to about 0.35 U / ml , about 0.15 U / ml to about 0.4 U / ml , 
about 0.15 U / ml to about 0.8 U / ml , about 0.15 U / ml to about 
1.2 U / ml , about 0.15 U / ml to about 1.6 U / ml , about 0.2 U / ml 
to about 0.25 U / ml , about 0.2 U / ml to about 0.3 U / ml , about 
0.2 U / ml to about 0.35 U / ml , about 0.2 U / ml to about 0.4 
U / ml , about 0.2 U / ml to about 0.8 U / ml , about 0.2 U / ml to 
about 1.2 U / ml , about 0.2 U / ml to about 1.6 U / ml , about 
0.25 U / ml to about 0.3 U / ml , about 0.25 U / ml to about 0.35 
U / ml , about 0.25 U / ml to about 0.4 U / ml , about 0.25 U / ml 
to about 0.8 U / ml , about 0.25 U / ml to about 1.2 U / ml , about 
0.25 U / ml to about 1.6 U / ml , about 0.3 U / ml to about 0.35 
U / ml , about 0.3 U / ml to about 0.4 U / ml , about 0.3 U / ml to 
about 0.8 U / ml , about 0.3 U / ml to about 1.2 U / ml , about 0.3 
U / ml to about 1.6 U / ml , about 0.35 U / ml to about 0.4 U / ml , 
about 0.35 U / ml to about 0.8 U / ml , about 0.35 U / ml to about 
1.2 U / ml , about 0.35 U / ml to about 1.6 U / ml , about 0.4 U / ml 
to about 0.8 U / ml , about 0.4 U / ml to about 1.2 U / ml , about 
0.4 U / ml to about 1.6 U / ml , about 0.8 U / ml to about 1.2 
U / ml , about 0.8 U / ml to about 1.6 U / ml , or about 1.2 U / ml 
to about 1.6 U / ml . In some embodiments , the collagenase 
concentration is about 0.05 U / ml , about 0.1 U / ml , about 0.15 
U / ml , about 0.2 U / ml , about 0.25 U / ml , about 0.3 U / ml , 
about 0.35 U / ml , about 0.4 U / ml , about 0.8 U / ml , about 1.2 
U / ml , or about 1.6 U / ml . In some embodiments , the colla 
genase concentration is at least about 0.05 U / ml , about 0.1 
U / ml , about 0.15 U / ml , about 0.2 U / ml , about 0.25 U / ml , 
about 0.3 U / ml , about 0.35 U / ml , about 0.4 U / ml , about 0.8 
U / ml , or about 1.2 U / ml . In some embodiments , the colla 
genase concentration is at most about 0.1 U / ml , about 0.15 
U / ml , about 0.2 U / ml , about 0.25 U / ml , about 0.3 U / ml , 
about 0.35 U / ml , about 0.4 U / ml , about 0.8 U / ml , about 1.2 
U / ml , or about 1.6 U / ml . 

[ 0056 ] In accordance with one aspect of the disclosure , 
neutral protease concentration and collagenase concentra 
tions ( C1 and C2 collagenase ) and ratio of solution volume 
( nits ) to bone fragment weight ( mgs ) are determined . 
[ 0057 ] In some embodiments , the total collagenase con 
centrations ( C1 and C2 collagenase ) are about 25 ug / ml to 
about 100 ug / ml . In some embodiments , the total collage 
nase concentrations are about 25 ug / ml to about 32.5 ug / ml , 
about 25 ug / ml to about 47.5 ug / ml , about 25 ug / ml to about 
42.5 ug / ml , about 25 ug / ml to about 50 ug / ml , about 25 
ug / ml to about 65 ug / ml , about 25 ug / ml to about 77.5 ug / ml , 
about 25 ug / ml to about 85 ug / ml , about 25 ug / ml to about 
100 ug / ml , about 32.5 ug / ml to about 47.5 ug / ml , about 32.5 
ug / ml to about 42.5 ug / ml , about 32.5 ug / ml to about 50 
ug / ml , about 32.5 ug / ml to about 65 ug / ml , about 32.5 ug / ml 
to about 77.5 ug / ml , about 32.5 ug / ml to about 85 ug / ml , 
about 32.5 ug / ml to about 100 ug / ml , about 47.5 ug / ml to 
about 42.5 ug / ml , about 47.5 ug / ml to about 50 ug / ml , about 
47.5 ug / ml to about 65 ug / ml , about 47.5 ug / ml to about 77.5 
ug / ml , about 47.5 ug / ml to about 85 ug / ml , about 47.5 ug / ml 
to about 100 ug / ml , about 42.5 ug / ml to about 50 ug / ml , 
about 42.5 ug / ml to about 65 ug / ml , about 42.5 ug / ml to 
about 77.5 ug / ml , about 42.5 ug / ml to about 85 ug / ml , about 
42.5 ug / ml to about 100 ug / ml , about 50 ug / ml to about 65 
ug / ml , about 50 ug / ml to about 77.5 ug / ml , about 50 ug / ml 
to about 85 ug / ml , about 50 ug / ml to about 100 ug / ml , about 
65 ug / ml to about 77.5 ug / ml , about 65 ug / ml to about 85 
ug / ml , about 65 ug / ml to about 100 ug / ml , about 77.5 ug / ml 
to about 85 ug / ml , about 77.5 ug / ml to about 100 ug / ml , or 
about 85 ug / ml to about 100 ug / ml . In some embodiments , 
the total collagenase concentrations are about 25 ug / ml , 
about 32.5 ug / ml , about 47.5 ug / ml , about 42.5 ug / ml , about 
50 ug / ml , about 65 ug / ml , about 77.5 ug / ml , about 85 ug / ml , 
or about 100 ug / ml . In some embodiments , the total colla 
genase concentrations are at least about 25 ug / ml , about 32.5 
ug / ml , about 47.5 ug / ml , about 42.5 ug / ml , about 50 ug / ml , 
about 65 ug / ml , about 77.5 ug / ml , or about 85 ug / ml . In 
some embodiments , the total collagenase concentrations are 
at most about 32.5 ug / ml , about 47.5 ug / ml , about 42.5 
ug / ml , about 50 ug / ml , about 65 ug / ml , about 77.5 ug / ml , 
about 85 ug / ml , or about 100 ug / ml . 
[ 0058 ] In some embodiments , the mass ratio of C1 and C2 
for each concentration are 70:30 , 54:46 , 37:63 , 82:18 and 
90:10 , respectively . 
[ 0059 ] According to the process , fragments of VB bone 
are placed in cryoprotectant solution comprised of 
PLASMA - LYTETM , 2.5 % human serum albumin and 10 % 
dimethyl sulfoxide ( DMSO ) and incubated for 1 hour at 4 ° 
C. In some embodiments , the incubation period is about 1 
hour to about 3 hours . In some embodiments , the incubation 
period is about 1 hour to about 1.5 hours , about 1 hour to 
about 2 hours , about 1 hour to about 2.5 hours , about 1 hour 
to about 3 hours , about 1.5 hours to about 2 hours , about 1.5 
hours to about 2.5 hours , about 1.5 hours to about 3 hours , 
about 2 hours to about 2.5 hours , about 2 hours to about 3 
hours , or about 2.5 hours to about 3 hours . In some embodi 
ments , the incubation period is about 1 hour , about 1.5 
hours , about 2 hours , about 2.5 hours , or about 3 hours . In 
some embodiments , the incubation period is at least about 1 
hour , about 1.5 hours , about 2 hours , or about 2.5 hours . In 
some embodiments , the incubation period is at most about 
1.5 hours , about 2 hours , about 2.5 hours , or about 3 hours . 
The solution is removed and the bone fragments cooled at a 
rate of -1 ° / min to -86 ° C. and then plunged into liquid 
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nitrogen . After 24-48 hours in liquid nitrogen , the bone 
fragments are thawed rapidly in a water bath set at 37 ° C. 
and then washed in saline and digested using the collage 
nase / protease solution described above . 
[ 0060 ] In some embodiments , the volume - to - weight ratio 
was 5 : 1 at an incubation time of 2.5 hours . In some embodi 
ments , the protease produced neutral protease activity of 
19.6 U / ml . 

[ 0061 ] The population of cells liberated by digesting VB 
bone fragment is cultured on tissue - coated plastic in the 
presence of Mesencult medium to select proliferative VBA 
MSC . Freshly digested preparations as well as different 
passages of vBA - MSC can be characterized by flow cytom 
etry , colony forming unit - fibroblast ( CFU - F ) potential , 
population doubling time ( PDT ) and trilineage ( adipogenic , 
chondrogenic , and osteogenic ) differentiation in vitro . In 
some embodiments , the population of human MSCs is 
passaged and comprises a doubling rate of at least about 16 
to 36 hours . In some embodiments , the population of human 
MSCs is passaged at least about 1 time to about 12 times . In 
some embodiments , the population of human MSCs is 
passaged at least about 1 time to about 2 times , about 1 time 
to about 3 times , about 1 time to about 4 times , about 1 time 
to about 5 times , about 1 time to about 6 times , about 1 time 
to about 7 times , about 1 time to about 8 times , about 1 time 
to about 9 times , about 1 time to about 10 times , about 1 time 
to about 11 times , about 1 time to about 12 times , about 2 
times to about 3 times , about 2 times to about 4 times , about 
2 times to about 5 times , about 2 times to about 6 times , 
about 2 times to about 7 times , about 2 times to about 8 
times , about 2 times to about 9 times , about 2 times to about 
10 times , about 2 times to about 11 times , about 2 times to 
about 12 times , about 3 times to about 4 times , about 3 times 
to about 5 times , about 3 times to about 6 times , about 3 
times to about 7 times , about 3 times to about 8 times , about 
3 times to about 9 times , about 3 times to about 10 times , 
about 3 times to about 11 times , about 3 times to about 12 
times , about 4 times to about 5 times , about 4 times to about 
6 times , about 4 times to about 7 times , about 4 times to 
about 8 times , about 4 times to about 9 times , about 4 times 
to about 10 times , about 4 times to about 11 times , about 4 
times to about 12 times , about 5 times to about 6 times , about 
5 times to about 7 times , about 5 times to about 8 times , 
about 5 times to about 9 times , about 5 times to about 10 
times , about 5 times to about 11 times , about 5 times to about 
12 times , about 6 times to about 7 times , about 6 times to 
about 8 times , about 6 times to about 9 times , about 6 times 
to about 10 times , about 6 times to about 11 times , about 6 
times to about 12 times , about 7 times to about 8 times , about 
7 times to about 9 times , about 7 times to about 10 times , 
about 7 times to about 11 times , about 7 times to about 12 
times , about 8 times to about 9 times , about 8 times to about 
10 times , about 8 times to about 11 times , about 8 times to 
about 12 times , about 9 times to about 10 times , about 9 
times to about 11 times , about 9 times to about 12 times , 
about 10 times to about 11 times , about 10 times to about 12 
times , or about 11 times to about 12 times . In some embodi 
ments , the population of human MSCs is passaged at least 
about 1 time , about 2 times , about 3 times , about 4 times , 
about 5 times , about 6 times , about 7 times , about 8 times , 
about 9 times , about 10 times , about 11 times , or about 12 
times . In some embodiments , the population of human 
MSCs is passaged at least at least about 1 time , about 2 
times , about 3 times , about 4 times , about 5 times , about 6 

times , about 7 times , about 8 times , about 9 times , about 10 
times , or about 11 times . In some embodiments , the popu 
lation of human MSCs is passaged at least at most about 2 
times , about 3 times , about 4 times , about 5 times , about 6 
times , about 7 times , about 8 times , about 9 times , about 10 
times , about 11 times , or about 12 times . 
[ 0062 ] In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over the passages . In some embodiments , the popu 
lation of human MSCs comprises a doubling rate of about 14 
hours to about 36 hours . In some embodiments , the popu 
lation of human MSCs comprises a doubling rate of about 14 
hours to about 16 hours , about 14 hours to about 18 hours , 
about 14 hours to about 20 hours , about 14 hours to about 
22 hours , about 14 hours to about 24 hours , about 14 hours 
to about 26 hours , about 14 hours to about 28 hours , about 
14 hours to about 30 hours , about 14 hours to about 32 
hours , about 14 hours to about 34 hours , about 14 hours to 
about 36 hours , about 16 hours to about 18 hours , about 16 
hours to about 20 hours , about 16 hours to about 22 hours , 
about 16 hours to about 24 hours , about 16 hours to about 
26 hours , about 16 hours to about 28 hours , about 16 hours 
to about 30 hours , about 16 hours to about 32 hours , about 
16 hours to about 34 hours , about 16 hours to about 36 
hours , about 18 hours to about 20 hours , about 18 hours to 
about 22 hours , about 18 hours to about 24 hours , about 18 
hours to about 26 hours , about 18 hours to about 28 hours , 
about 18 hours to about 30 hours , about 18 hours to about 
32 hours , about 18 hours to about 34 hours , about 18 hours 
to about 36 hours , about 20 hours to about 22 hours , about 
20 hours to about 24 hours , about 20 hours to about 26 
hours , about 20 hours to about 28 hours , about 20 hours to 
about 30 hours , about 20 hours to about 32 hours , about 20 
hours to about 34 hours , about 20 hours to about 36 hours , 
about 22 hours to about 24 hours , about 22 hours to about 
26 hours , about 22 hours to about 28 hours , about 22 hours 
to about 30 hours , about 22 hours to about 32 hours , about 
22 hours to about 34 hours , about 22 hours to about 36 
hours , about 24 hours to about 26 hours , about 24 hours to 
about 28 hours , about 24 hours to about 30 hours , about 24 
hours to about 32 hours , about 24 hours to about 34 hours , 
about 24 hours to about 36 hours , about 26 hours to about 
28 hours , about 26 hours to about 30 hours , about 26 hours 
to about 32 hours , about 26 hours to about 34 hours , about 
26 hours to about 36 hours , about 28 hours to about 30 
hours , about 28 hours to about 32 hours , about 28 hours to 
about 34 hours , about 28 hours to about 36 hours , about 30 
hours to about 32 hours , about 30 hours to about 34 hours , 
about 30 hours to about 36 hours , about 32 hours to about 
34 hours , about 32 hours to about 36 hours , or about 34 
hours to about 36 hours . In some embodiments , the popu 
lation of human MSCs comprises a doubling rate of about 14 
hours , about 16 hours , about 18 hours , about 20 hours , about 
22 hours , about 24 hours , about 26 hours , about 28 hours , 
about 30 hours , about 32 hours , about 34 hours , or about 36 
hours . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 14 hours , 
about 16 hours , about 18 hours , about 20 hours , about 22 
hours , about 24 hours , about 26 hours , about 28 hours , about 
30 hours , about 32 hours , or about 34 hours . In some 
embodiments , the population of human MSCs comprises a 
doubling rate of at most about 16 hours , about 18 hours , 
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about 20 hours , about 22 hours , about 24 hours , about 26 
hours , about 28 hours , about 30 hours , about 32 hours , about 
34 hours , or about 36 hours . 

[ 0063 ] In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of the at least 4 passages . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of at least about 16 to 36 hours over the at least 5 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of the at least 5 passages . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of at least about 16 to 36 hours over the at least 6 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of the at least 6 passages . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of at least about 16 to 36 hours over the at least 7 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of the at least 7 passages . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of at least about 16 to 36 hours over the at least 8 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of the at least 8 passages . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of at least about 16 to 36 hours over the at least 9 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of the at least 9 passages . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of at least about 16 to 36 hours over the at least 10 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of the at least 10 passages . In some 
embodiments , the population of human MSCs comprises a 
doubling rate of less than about 29 hours . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of less than about 29 hours . In some embodiments , the 
population of human MSCs comprises a doubling rate of 
less than about 29 hours . In some embodiments , the popu 
lation of human MSCs comprises a doubling rate of less than 
about 29 hours . In some embodiments , the population of 
human MSCs comprises a doubling rate of less than about 
29 hours . In some embodiments , the population of human 
MSCs comprises a doubling rate of less than about 29 hours . 
In some embodiments , the population of human MSCs 
comprises a doubling rate of less than about 29 hours . 
[ 0064 ] In some embodiments , the method of cadaveric 
human MSC extraction disclosed herein may be capable of 
extracting quantities of about 10 million to about 10 billion . 
In some embodiments , cadaveric human MSCs may be 
administered in quantities of about 10 million to about 100 
million , about 10 million to about 1 billion , about 10 million 
to about 10 billion , about 100 million to about 1 billion , 
about 100 million to about 10 billion , or about 1 billion to 
about 10 billion . In some embodiments , cadaveric human 
MSCs may be administered in quantities of about 10 million , 
about 100 million , about 1 billion , or about 10 billion . In 
some embodiments , cadaveric human MSCs may be admin 
istered in quantities of at least about 10 million , about 100 
million , or about 1 billion . In some embodiments , cadaveric 

human MSCs may be administered in quantities of at most 
about 100 million , about 1 billion , or about 10 billion . 
Extracting Bone Marrow and Bone Marrow - Derived Cells 
( e.g. Hematopoietic Stem Cells ) 
[ 0065 ] The pieces produced by the bone cutting tool are 
immediately placed into a sterile pitcher and submerged in 
300-500 ml of a grind media . In one aspect of the present 
system and method , the grind media uses PLASMA 
LYTETM - A as a base with 10 U / ml heparin , 2.5 % human 
serum albumin ( HSA ) , and 3 U / ml Benzonaser reagent 
( Merck KGAA Corporation ) . Heparin is used as an antico 
agulant . Other anticoagulants at various quantities can also 
be used . HSA provides a protein source to prevent cell 
adherence and adsorption to surfaces , as well as reactive 
oxygen scavenging . It is noted that conventional grind 
media utilizes DNase , but for the present disclosure Benzo 
nase® reagent is substituted for DNaseTM reagent ( Qiagen 
Sciences LLC ) . Whereas DNase works only on DNA , mod 
ern pharmaceutical biotechnology processing relies on 
enzymes that can cleave all forms of DNA and RNA , and 
can reduce the viscosity of the solution in which the cells are 
suspended . It is noted that IMDM ( Iscove's Modified Dul 
becco's Media ) can substitute for the PLASMA - LYTETM 
A , since IMDM is suitable for rapidly proliferating high 
density cell cultures and ideal for supporting T- and 
B - lymphocytes . It is further noted that Denarase reagent 
( C - Lecta GmbH ) is equivalent to Benzonase reagent in the 
same quantity in the present process . 
[ 0066 ] In some embodiments , the amount of heparin in the 
grind media is about 5 U / ml about 15 U / ml . In some 
embodiments , the amount of heparin in the grind media is 
about 5 U / ml to about 6 U / ml , about 5 U / ml to about 7 U / ml , 
about 5 U / ml to about 8 U / ml , about 5 U / ml to about 9 U / ml , 
about 5 U / ml to about 10 U / ml , about 5 U / ml to about 11 
U / ml , about 5 U / ml to about 12 U / ml , about 5 U / ml to about 
13 U / ml , about 5 U / ml to about 14 U / ml , about 5 U / ml to 
about 15 U / ml , about 6 U / ml to about 7 U / ml , about 6 U / ml 
to about 8 U / ml , about 6 U / ml to about 9 U / ml , about 6 U / ml 
to about 10 U / ml , about 6 U / ml to about 11 U / ml , about 6 
U / ml to about 12 U / ml , about 6 U / ml to about 13 U / ml , 
about 6 U / ml to about 14 U / ml , about 6 U / ml to about 15 
U / ml , about 7 U / ml to about 8 U / ml , about 7 U / ml to about 
9 U / ml , about 7 U / ml to about 10 U / ml , about 7 U / ml to 
about 11 U / ml , about 7 U / ml to about 12 U / ml , about 7 U / ml 
to about 13 U / ml , about 7 U / ml to about 14 U / ml , about 7 
U / ml to about 15 U / ml , about 8 U / ml to about 9 U / ml , about 
8 U / ml to about 10 U / ml , about 8 U / ml to about 11 U / ml , 
about 8 U / ml to about 12 U / ml , about 8 U / ml to about 13 
U / ml , about 8 U / ml to about 14 U / ml , about 8 U / ml to about 
15 U / ml , about 9 U / ml to about 10 U / ml , about 9 U / ml to 
about 11 U / ml , about 9 U / ml to about 12 U / ml , about 9 U / ml 
to about 13 U / ml , about 9 U / ml to about 14 U / ml , about 9 
U / ml to about 15 U / ml , about 10 U / ml to about 11 U / ml , 
about 10 U / ml to about 12 U / ml , about 10 U / ml to about 13 
U / ml , about 10 U / ml to about 14 U / ml , about 10 U / ml to 
about 15 U / ml , about 11 U / ml to about 12 U / ml , about 11 
U / ml to about 13 U / ml , about 11 U / ml to about 14 U / ml , 
about 11 U / ml to about 15 U / ml , about 12 U / ml to about 13 
U / ml , about 12 U / ml to about 14 U / ml , about 12 U / ml to 
about 15 U / ml , about 13 U / ml to about 14 U / ml , about 13 
U / ml to about 15 U / ml , or about 14 U / ml to about 15 U / ml . 
In some embodiments , the amount of heparin in the grind 
media is about 5 U / ml , about 6 U / ml , about 7 U / ml , about 
8 U / ml , about 9 U / ml , about 10 U / ml , about 11 U / ml , about 
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12 U / ml , about 13 U / ml , about 14 U / ml , or about 15 U / ml . 
In some embodiments , the amount of heparin in the grind 
media is at least about 5 U / ml , about 6 U / ml , about 7 U / ml , 
about 8 U / ml , about 9 U / ml , about 10 U / ml , about 11 U / ml , 
about 12 U / ml , about 13 U / ml , or about 14 U / ml . In some 
embodiments , the amount of heparin in the grind media is at 
most about 6 U / ml , about 7 U / ml , about 8 U / ml , about 9 
U / ml , about 10 U / ml , about 11 U / ml , about 12 U / ml , about 
13 U / ml , about 14 U / ml , or about 15 U / ml . In some 
embodiments , the amount of Benzonase in the grind media 
is about 11 U / ml to about 55 U / ml . In some embodiments , 
the amount of Benzonase in the grind media is about 11 
U / ml to about 15 U / ml , about 11 U / ml to about 20 U / ml , 
about 11 U / ml to about 25 U / ml , about 11 U / ml to about 30 
U / ml , about 11 U / ml to about 35 U / ml , about 11 U / ml to 
about 40 U / ml , about 11 U / ml to about 45 U / ml , about 11 
U / ml to about 50 U / ml , about 11 U / ml to about 55 U / ml , 
about 15 U / ml to about 20 U / ml , about 15 U / ml to about 25 
U / ml , about 15 U / ml to about 30 U / ml , about 15 U / ml to 
about 35 U / ml , about 15 U / ml to about 40 U / ml , about 15 
U / ml to about 45 U / ml , about 15 U / ml to about 50 U / ml , 
about 15 U / ml to about 55 U / ml , about 20 U / ml to about 25 
U / ml , about 20 U / ml to about 30 U / ml , about 20 U / ml to 
about 35 U / ml , about 20 U / ml to about 40 U / ml , about 20 
U / ml to about 45 U / ml , about 20 U / ml to about 50 U / ml , 
about 20 U / ml to about 55 U / ml , about 25 U / ml to about 30 
U / ml , about 25 U / ml to about 35 U / ml , about 25 U / ml to 
about 40 U / ml , about 25 U / ml to about 45 U / ml , about 25 
U / ml to about 50 U / ml , about 25 U / ml to about 55 U / ml , 
about 30 U / ml to about 35 U / ml , about 30 U / ml to about 40 
U / ml , about 30 U / ml to about 45 U / ml , about 30 U / ml to 
about 50 U / ml , about 30 U / ml to about 55 U / ml , about 35 
U / ml to about 40 U / ml , about 35 U / ml to about 45 U / ml , 
about 35 U / ml to about 50 U / ml , about 35 U / ml to about 55 
U / ml , about 40 U / ml to about 45 U / ml , about 40 U / ml to 
about 50 U / ml , about 40 U / ml to about 55 U / ml , about 45 
U / ml to about 50 U / ml , about 45 U / ml to about 55 U / ml , or 
about 50 U / ml to about 55 U / ml . In some embodiments , the 
amount of Benzonase in the grind media is about 11 U / ml , 
about 15 U / ml , about 20 U / ml , about 25 U / ml , about 30 
U / ml , about 35 U / ml , about 40 U / ml , about 45 U / ml , about 
50 U / ml , or about 55 U / ml . In some embodiments , the 
amount of Benzonase in the grind media is at least about 11 
U / ml , about 15 U / ml , about 20 U / ml , about 25 U / ml , about 
30 U / ml , about 35 U / ml , about 40 U / ml , about 45 U / ml , or 
about 50 U / ml . In some embodiments , the amount of Ben 
zonase in the grind media is at most about 15 U / ml , about 
20 U / ml , about 25 U / ml , about 30 U / ml , about 35 U / ml , 
about 40 U / ml , about 45 U / ml , about 50 U / ml , or about 55 
U / ml . 

[ 0067 ] In some embodiments , the amount of Benzonase in 
the grind media is about 1 U / ml to about 10 U / ml . In some 
embodiments , the amount of Benzonase in the grind media 
is about 1 U / ml to about 2 U / ml , about 1 U / ml to about 3 
U / ml , about 1 U / ml to about 4 U / ml , about 1 U / ml to about 
5 U / ml , about 1 U / ml to about 6 U / ml , about 1 U / ml to about 
7 U / ml , about 1 U / ml to about 8 U / ml , about 1 U / ml to about 
9 U / ml , about 1 U / ml to about 10 U / ml , about 2 U / ml to 
about 3 U / ml , about 2 U / ml to about 4 U / ml , about 2 U / ml 
to about 5 U / ml , about 2 U / ml to about 6 U / ml , about 2 U / ml 
to about 7 U / ml , about 2 U / ml to about 8 U / ml , about 2 U / ml 
to about 9 U / ml , about 2 U / ml to about 10 U / ml , about 3 
U / ml to about 4 U / ml , about 3 U / ml to about 5 U / ml , about 
3 U / ml to about 6 U / ml , about 3 U / ml to about 7 U / ml , about 

3 U / ml to about 8 U / ml , about 3 U / ml to about 9 U / ml , about 
3 U / ml to about 10 U / ml , about 4 U / ml to about 5 U / ml , 
about 4 U / ml to about 6 U / ml , about 4 U / ml to about 7 U / ml , 
about 4 U / ml to about 8 U / ml , about 4 U / ml to about 9 U / ml , 
about 4 U / ml to about 10 U / ml , about 5 U / ml to about 6 
U / ml , about 5 U / ml to about 7 U / ml , about 5 U / ml to about 
8 U / ml , about 5 U / ml to about 9 U / ml , about 5 U / ml to about 
10 U / ml , about 6 U / ml to about 7 U / ml , about 6 U / ml to 
about 8 U / ml , about 6 U / ml to about 9 U / ml , about 6 U / ml 
to about 10 U / ml , about 7 U / ml to about 8 U / ml , about 7 
U / ml to about 9 U / ml , about 7 U / ml to about 10 U / ml , about 
8 U / ml to about 9 U / ml , about 8 U / ml to about 10 U / ml , or 
about 9 U / ml to about 10 U / ml . In some embodiments , the 
amount of Benzonase in the grind media is about 1 U / ml , 
about 2 U / ml , about 3 U / ml , about 4 U / ml , about 5 U / ml , 
about 6 U / ml , about 7 U / ml , about 8 U / ml , about 9 U / ml , or 
about 10 U / ml . In some embodiments , the amount of Ben 
zonase in the grind media is at least about 1 U / ml , about 2 
U / ml , about 3 U / ml , about 4 U / ml , about 5 U / ml , about 6 
U / ml , about 7 U / ml , about 8 U / ml , or about 9 U / ml . In some 
embodiments , the amount of Benzonase in the grind media 
is at most about 2 U / ml , about 3 U / ml , about 4 U / ml , about 
5 U / ml , about 6 U / ml , about 7 U / ml , about 8 U / ml , about 9 
U / ml , or about 10 U / ml . 
[ 0068 ] In some embodiments , HSA is present in the grind 
media at about 0.5 % to about 5 % . In some embodiments , 
HSA is present in the grind media at about 0.5 % to about 
1 % , about 0.5 % to about 1.5 % , about 0.5 % to about 2 % , 
about 0.5 % to about 2.5 % , about 0.5 % to about 3 % , about 
0.5 % to about 3.5 % , about 0.5 % to about 4 % , about 0.5 % to 
about 4.5 % , about 0.5 % to about 5 % , about 1 % to about 
1.5 % , about 1 % to about 2 % , about 1 % to about 2.5 % , about 
1 % to about 3 % , about 1 % to about 3.5 % , about 1 % to about 
4 % , about 1 % to about 4.5 % , about 1 % to about 5 % , about 
1.5 % to about 2 % , about 1.5 % to about 2.5 % , about 1.5 % to 
about 3 % , about 1.5 % to about 3.5 % , about 1.5 % to about 
4 % , about 1.5 % to about 4.5 % , about 1.5 % to about 5 % , 
about 2 % to about 2.5 % , about 2 % to about 3 % , about 2 % 
to about 3.5 % , about 2 % to about 4 % , about 2 % to about 
4.5 % , about 2 % to about 5 % , about 2.5 % to about 3 % , about 
2.5 % to about 3.5 % , about 2.5 % to about 4 % , about 2.5 % to 
about 4.5 % , about 2.5 % to about 5 % , about 3 % to about 
3.5 % , about 3 % to about 4 % , about 3 % to about 4.5 % , about 
3 % to about 5 % , about 3.5 % to about 4 % , about 3.5 % to 
about 4.5 % , about 3.5 % to about 5 % , about 4 % to about 
4.5 % , about 4 % to about 5 % , or about 4.5 % to about 5 % . In 
some embodiments , HSA is present in the grind media at 
about 0.5 % , about 1 % , about 1.5 % , about 2 % , about 2.5 % , 
about 3 % , about 3.5 % , about 4 % , about 4.5 % , or about 5 % . 
In some embodiments , HSA is present in the grind media at 
least about 0.5 % , about 1 % , about 1.5 % , about 2 % , about 
2.5 % , about 3 % , about 3.5 % , about 4 % , or about 4.5 % . In 
some embodiments , HSA is present in the grind media at 
most about 1 % , about 1.5 % , about 2 % , about 2.5 % , about 
3 % , about 3.5 % , about 4 % , about 4.5 % , or about 5 % . 
[ 0069 ] Another pitcher of about 300 to about 500 ml of 
grind media is retained for collecting the bone fragments 
after grinding , and another supply of about 100 ml of the 
grind media is retained for rinsing through the grinder 
during the grinding process to prevent bone fragments from 
sticking to the surface of the pitcher of the grinding com 
ponents . In some embodiments , the additional grind media 
may have different quantities of heparin , HSA , and Benzo 
nase as compared to the initial grind media . 
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transfer pack container 180. The transfer pack container can 
be a 600-2000 ml bag to accommodate the filtered bone 
marrow product , which can be approximately 1000 ml in a 
well - performed process . 
Fat Removal and Concentration 

a 

a 

[ 0070 ] An electric bone grinder or a purpose - built bone 
grinder , such as the grinder of Biorep Technologies Inc , 
( Miami , Fla . ) can be used in an ISO - 5 environment within 
an ISO - 7 clean room . Bone types are kept separate if both 
VB and ilium from the same donor are being processed . The 
bone is kept submerged in grind media at all times during 
and after the grinding process . Once all of the donor bone 
pieces are ground , the chamber of the bone grinder is 
thoroughly rinsed with fresh processing media . The bone 
fragments are discharged from the grinder into the pitcher 
containing grind media . 
[ 0071 ] The contents of the pitcher are transferred to sterile 
bags . Next , the contents of the sterile bags are filtered to 
extract the solid components . In one embodiment , the con 
tents of each bag are passed through a series of stainless steel 
sieves . In this embodiment , a No. 40 ( 425 um ) sieve is 
stacked on top of a No. 80 ( 177 um ) sieve , which is seated 
over a catch - pan to receive the liquid filter contents . The 
sterile bags containing the output from the grinder is swirled 
and then poured evenly over the sieve stack or filtration sets . 
The filtering process is observed to ensure that excessive 
clumping is not occurring , which can signal the presence of 
soft tissue or other contaminants . Bone fragments retained 
on the surface of the sieves are distributed evenly on the 
sieves and rinsed with 250 ml of fresh processing medium . 
In one embodiment , the processing medium used for rinsing 
is the grind media described above or PLASMA - LYTETM 
with 2.5 % HSA . The sieved bone marrow product , which 
can be approximately 1000 ml in a well - performed process , 
is transferred to sterile packs for subsequent processing and 
analysis . The contents of each bag are visually inspected to 
confirm that the contents do not include any visible bone 
fragments or soft tissue . 
[ 0072 ] In some embodiments , the rinse media can contain 
the various amounts of HSA as described for the grind 
media . In some embodiments , the rinse media can contain , 
additionally , heparin and / or Benzonase . 
[ 0073 ] In another embodiment , the contents of each bag 
are passed through bone marrow filtration units , as depicted 
in FIG . 1. In this embodiment , the system 150 includes a 
stand 154 configured to support a sterile collection bag 152 
which contains the bone fragments and media from the 
grinding operation described above . The stand includes a 
container hanger 155 configured to engage the cap 153 of the 
sterile bag to suspend the container . The bottom of the bag 
includes a discharge assembly 160 that includes a pre - filter 
162 projecting into the body of the collection bag . In one 
specific embodiment the pre - filter 162 is an 850 um filter . 
The filter 162 is connected to an output tube 164 that is 
connected by a container claim 166 to the input line 171 of 
a first in - line filter 170. In the specific embodiment , the first 
in - line filter is a 200 um or a 500 um filter . The output line 
172 of the first in - line filter is connected to the input line 176 
of a second in - line filter 175. The second in - line filter is a 
200 um or a 500 um filter . The two in - line filters are initially 
both 500 um for a first pass through the filter system 150. A 
second rinse is then performed on the grindings with the two 
in - line filters being 200 um . This double - pass filtration 
results in a cleaner suspension and enhances removal of fat 
from the suspension . The second in - line filter 175 has an 
output line 177 that can be engaged to a sterile bag , such as 
bag 152 for the second filtration pass . On the second pass 
through the system , the output line 177 of the second in - line 
filter 175 can be engaged to a container clamp 181 of a 

[ 0074 ] The bone marrow product collected from the fil 
tering is essentially a fatty emulsion . The fat content of the 
suspension obtained from the sieve filtering approach dis 
closed above is greater than the fat content of the suspension 
obtained from the double - pass filtration system 150. How 
ever , in both cases , there is a need to remove the fat content 
from the suspension . The suspension obtained from the 
filtering is recovered into 250 ml bags which are hermeti 
cally sealed with tube welders . Pairs of sterile bags and 
taring sticks are mounted within a centrifuge with bag ports 
facing down , and balanced . Volume compensating plates are 
used to prevent creasing of the bags during centrifugation . In 
one embodiment , the bags are centrifuged at 500xg for 15 
minutes at room temperature to concentrate the cells , pref 
erably to 2-3x10 $ / ml . After centrifugation is complete , each 
bag is individually hung on a ring stand . The distinct layers 
within the bag are visible , with the fat layer clearly delin 
eated on top of the supernatant with the bone marrow pellet 
at the bottom , as described in U.S. Ser . No. 16 / 734,713 , 
which is hereby incorporated by reference in its entirety . A 
new sterile bag is welded to the bag removed from the 
centrifuge . A bag clamp or clip is placed on the bag just 
below the fat layer to clamp off or squeeze the bag closed 
beneath the fat layer , as described in U.S. Ser . No. 16/734 , 
713. The pellet is then drained from the centrifuge bag into 
the new sterile bag , with the bag clip preventing passage of 
the fat layer . The pellet is agitated as it is drained to 
resuspend all of the pellet . After about half of the pellet has 
drained into the new bag , the tubing is closed with a 
hemostat or tube sealer . The second centrifuge bag is then 
welded to the new bag containing the pellet , and the contents 
of this second centrifuge bag are drained into the new bag . 
[ 0075 ] The result is new sterile bags containing the bone 
marrow centrifuged to remove the fat . These bags of de 
fatted bone marrow are then centrifuged at 500xg for 15 
minutes at room temperature , with volume compensating 
plates to prevent creasing of the bags . Each bag is removed 
and suspended on a ring stand and a waste bag is welded to 
the bag , and a plasma extractor is used to remove the 
supernatant into the waste bag , as described in U.S. Ser . No. 
16 / 734,713 . The tubing is clamped with a hemostat when the 
pellet rises or breaks . The tubing is then sealed and severed 
to remove the pellet containing bag from the waste bag , 
which is discarded . A Luer connection is welded to the 
pellet - containing bag . The pellets from each bag are com 
bined into a bulk bag using a large syringe . The pellet 
containing bags are rinsed into the bulk bag using a rinse 
media . The bulk bag is inverted several times to ensure that 
all of the pellet is resuspended . A small quantity of the 
processed BM , such as 0.5 mL , can be removed for quality 
control testing for density and cell count . The test sample 
can also be evaluated for human leukocyte antigens , 
CCR5delta 32 mutation and apolipoprotein ( APOE ) , among 
other things . 
[ 0076 ] In some embodiments , the centrifuge settings at 
one or more steps can be increased . In some embodiments , 
the centrifuge is spun at about 400 g to about 650 g . In some 
embodiments , the centrifuge is spun at about 400 g to about 

a 

a 
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450 g , about 400 g to about 500 g , about 400 g to about 550 
g , about 400 g to about 600 g , about 400 g to about 650 g , 
about 450 g to about 500 g , about 450 g to about 550 g , about 
450 g to about 600 g , about 450 g to about 650 g , about 500 
g to about 550 g , about 500 g to about 600 g , about 500 g 
to about 650 g , about 550 g to about 600 g , about 550 g to 
about 650 g , or about 600 g to about 650 g . In some 
embodiments , the centrifuge is spun at about 400 g , about 
450 g , about 500 g , about 550 g , about 600 g , or about 650 
g . In some embodiments , the centrifuge is spun at least about 
400 g , about 450 g , about 500 g , about 550 g , or about 600 
g . In some embodiments , the centrifuge is spun at most 
about 450 g , about 500 g , about 550 g , about 600 g , or about 
650 g . In some embodiments , the centrifuge is spun for 
about 10 minutes to about 40 minutes . In some embodi 
ments , the centrifuge is spun for about 10 minutes to about 
15 minutes , about 10 minutes to about 20 minutes , about 10 
minutes to about 25 minutes , about 10 minutes to about 30 
minutes , about 10 minutes to about 35 minutes , about 10 
minutes to about 40 minutes , about 15 minutes to about 20 
minutes , about 15 minutes to about 25 minutes , about 15 
minutes to about 30 minutes , about 15 minutes to about 35 
minutes , about 15 minutes to about 40 minutes , about 20 
minutes to about 25 minutes , about 20 minutes to about 30 
minutes , about 20 minutes to about 35 minutes , about 20 
minutes to about 40 minutes , about 25 minutes to about 30 
minutes , about 25 minutes to about 35 minutes , about 25 
minutes to about 40 minutes , about 30 minutes to about 35 
minutes , about 30 minutes to about 40 minutes , or about 35 
minutes to about 40 minutes . In some embodiments , the 
centrifuge is spun for about 10 minutes , about 15 minutes , 
about 20 minutes , about 25 minutes , about 30 minutes , about 
35 minutes , or about 40 minutes . In some embodiments , the 
centrifuge is spun for at least about 10 minutes , about 15 
minutes , about 20 minutes , about 25 minutes , about 30 
minutes , or about 35 minutes . In some embodiments , the 
centrifuge is spun for at most about 15 minutes , about 20 
minutes , about 25 minutes , about 30 minutes , about 35 
minutes , or about 40 minutes . In some embodiments , the 
centrifuge is stopped without the use of a brake . In some 
embodiments , the centrifuge is stopped with a brake . In 
some embodiments , the centrifuge brake is set at about 25 % 
to about 100 % . In some embodiments , the centrifuge brake 
is set at about 25 % to about 50 % , about 25 % to about 75 % , 
about 25 % to about 100 % , about 50 % to about 75 % , about 
50 % to about 100 % , or about 75 % to about 100 % . In some 
embodiments , the centrifuge brake is set at about 25 % , about 
50 % , about 75 % , or about 100 % . In some embodiments , the 
centrifuge brake is set at least about 25 % , about 50 % , or 
about 75 % . In some embodiments , the centrifuge brake is set 
at most about 50 % , about 75 % , or about 100 % . 

a given donor . The tray 212 is placed on transfer rails 216 of 
a housing 215 , as shown in FIGS . 4A - 4B , with the tray 
advanced automatically or manually into the interior of the 
housing . The housing 215 supports a plurality of hydrojets 
220 that direct high pressure and high velocity jets of saline 
onto the VBs . In the known manual process , a manual 
hydrojet , operating at lower velocities and pressures , directs 
a stream of detergent onto the VB . In the manual process , the 
detergent is needed to clean the VBs of the soft tissue . In 
contrast , the automated cleaning station 210 of the present 
disclosure uses a saline medium , with the velocity and 
pressure of the water jets being sufficient to dislodge all soft 
tissue from the VBs . The automated cleaning station of the 
present disclosure includes jets configured to produce a 
direct stream or narrow “ V ” water / saline jet that generates a 
high concentrated impact force at varying distances . To 
achieve good coverage of the VBs , the device includes many 
direct jets at close spacing at different orientations relative to 
the VBs , which allows for uniform cleaning independent of 
position of the VB in the device . In the illustrated embodi 
ment of FIG . 4A , the hydrojets are provided in an upper 220 
and a lower row 221. The “ V ” jets are aligned at different 
angles to achieve full coverage of the surfaces of the VBs . 
In addition , or alternatively , the hydrojets 220 , 221 can be 
configured to oscillate over the tray of VBs to ensure 
complete coverage . 
[ 0078 ] A visualization device 225 is arranged at the outlet 
of the debridement station 210 that is operable to visualize 
and interpret the VBs exiting the station to determine if all 
of the soft tissue has been removed , as shown in FIG . 4B . If 
not , then the VBs are returned along the rails 216 back into 
the housing for further hydrojet processing . It is contem 
plated that a controller ( not shown ) can be provided to 
control the movement of the tray 212 along the rails 216 and 
to interpret the signals generated by the visualization device 
225. The visualization device can include a camera that 
obtains an image of the VBs and the controller can include 
imaging software capable of recognizing the soft tissue in 
the acquired image . A dye can be applied to the cleaned VBs 
at the end of the hydrojet debridement process , in which the 
dye is absorbed by soft tissue but not bone . The dye can thus 
provide contrast to facilitate differentiation of any remaining 
soft tissue from the bone . The visualization device 225 can 
be configured to pan across the VBs , such as by translating 
along a frame 226 and by translating the frame in order to 
view the VBs at all angles . 
[ 0079 ] Once it is determined that the VBs are cleaned of 
all soft tissue , the debrided VBs are then fed by a conveyor 
to an automated grinding station 240 , as shown in FIG . 5A , 
to produce appropriately sized pieces for tumbling and final 
cell extraction . The manual “ cubing ” process described 
above can be variable , time consuming , and potentially not 
safe for the operator . The automated system includes a 
grinding station that combines " cubing " the VBs ( i.e. , cut 
ting the VBs into small pieces ) and grinding the cubed VBs 
to reduce the VBs to 2-3 mm pieces . The rails 216 and tray 
212 , as shown in FIGS . 4A - 4B can be configured to deposit 
the debrided VBs onto the conveyor which then automati 
cally transfers the VBs to an input hopper 242 of the 
grinding station 240 , shown in more detail in FIGS . 5A - 5B . 
The VBs are directed through an initial mill cutter module 
244 , then through a funnel 246 to a fine mill cutter module 
248 , as shown in FIG . 5A . As shown in FIG . 5B the initial 
mill cutter module 242 includes opposed rotating grinding 

Automated System for Recovery of Bone Marrow 
[ 0077 ] The present disclosure contemplates an automated 
process for recovery of the bone marrow , and even selection 
of cells from the bone marrow . In one aspect , an automated 
system includes sequential stations , described in U.S. Ser . 
No. 16 / 734,713 . The first station of the automated process 
debrides the VBs to remove all soft tissue as shown in FIGS . 
4A - 4B . In contrast to the manual process that operates on 
one VB at a time , the automated process is configured to 
debride an entire donor VB set ( which can be at least ten 
vertebral bodies ) . The VBs are mounted on a rack or tray 
212 that is configured to support the vertebral body set from 
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mills 245 that are separated by a predetermined gap , such as 
a 5-8 mm gap , so that the incoming VBs are ground into 
coarse - sized segments . The coarse ground segments are fed 
to the fine mill cutter module 248 in which smaller diameter 
grinding mills 249 are provided . The fine grind mills 249 are 
separated by a smaller gap , on the order of 2-3 mm , to 
produce finely ground VB segments . As shown in FIG . 5A , 
a funnel 246 conveys the coarse ground segments to the 
second grinding mill 248 , and a funnel 250 directs the finely 
ground VB segments to a collection pan 252 supported on a 
plate 253. During the milling operation , a measured volume 
of processing / resuspension medium with DNAse can be 
directed through the upper hopper , onto grinding cutters . 
This medium can be manually introduced during the opera 
tion of the grinding station 240 , or can be automatically 
implemented through nozzles incorporated into the hopper 
242 . 
[ 0080 ] The finely ground VB segments and processing 
medium are collected in the collection pan 252 and the plate 
253 can be moved to a sieve station 260 ( FIG . 6 ) , whether 
manually or automatically . Once at the sieve station 260 the 
contents of the pan 252 are dropped into a sieve cartridge 
unit which includes two 12 " diameter filter sieves 
sieve 262 on top followed by a finer # 80 sieve 264 , 
depicted in FIG . 6. A funnel 266 directs the filtered contents 
to a collection container 268. The grindings retained by the 
filters are rinsed within the sieve station 260 with process 
ing / resuspension medium that does not include DNAse . The 
liquid bone marrow product in the collection container 268 
can be analyzed to determine cell content and then concen 
trated and packaged in appropriate volumes for cryopreser 
vation , as described below . Alternatively , some or all of the 
processed bone marrow can be further processed using 
automated cell selection approaches for specialized cell 
products such as CD34 + cells . Because large volumes of 
cells can be recovered from a single organ donor with this 
approach , one donor could yield multiple product types . 
Moreover , since the source is primary bone marrow ( as 
opposed to G - CSF mobilized peripheral blood ) the cell 
product will endure cryopreservation processing . 
[ 0081 ] In one modification , the output from the grinding 
station 240 or the sieve station 260 can be automatically fed 
to a collection bag for cryogenic treatment . In this modifi 
cation , the lower funnel 250 can be configured to direct the 
contents to a fluid line connected to a sterile bag . A peri 
staltic pump can engage the fluid line to pump the output 
from the grinding station to the sterile bag . A similar 
arrangement can be engaged to the funnel 266 of the sieve 
station . 
[ 0082 ] The content of the collection container 268 , which 
is essentially a bone marrow slurry , is conveyed , either 
manually or automatically , to an adjacent tumbler station 
270 that includes a mechanical tumbler 272 and a large 
disposable vessel 274 that can contain the entire contents of 
ten processed VBs and associated processing / resuspension 
medium . The tumbler 272 has a paddle for agitation of the 
grinding slurry to mechanically liberate cells . When the 
tumbling cycle is complete , the contents of the tumbler are 
poured through a sieve magazine into the vessel 274. The 
contents of the vessel 274 can be processed further or 
prepared for cryogenic storage . 
Cell Isolation from Bone Marrow 
[ 0083 ] In one aspect of the present disclosure , a method is 
provided for selecting CD34 - expressing ( CD34 + ) cells from 

deceased donor bone marrow using density reduced Ficoll 
and an immunomagnetic CD34 + cell isolation kit . Surpris 
ingly , it has been found that cell isolation using density 
reduced Ficoll prior to CD34 selection is beneficial to obtain 
high purity and viability CD45 / CD34 + cells from freshly 
prepared deceased donor bone marrow . On the other hand , 
Ficoll at conventional density has been found to select for 
CD45 / CD34 + cells from thawed cryopreserved deceased 
donor bone marrow . 
[ 0084 ] Vertebral sections obtained from recently 
deceased donor were processed as described above . Thus , in 
one embodiment , the bone is cleaned of all soft tissue and 
then cut into small pieces that were immediately submerged 
into 500 ml of grinding media . The grinding media can be 
PLASMA - LYTETM A injection pH 7.4 , multiple electro 
lytes , injection type 1 USP ( PLASMA - LYTETM ) containing 
2.5 % human serum albumin ( HSA ) , 3 U / ml Denarase , and 
10 U / ml heparin . The sectioned VB are ground using a bone 
grinder , filtered and rinsed with rinse media ( such as 
PLASMA - LYTETM with 2.5 % HSA ) . The entire cell sus 
pension is centrifuged to concentrate cells to 2-3x108 / ml and 
the cell concentration is extracted . A portion or all of the 
resulting BM preparation can be used immediately for CD34 
selection , while the remainder can be prepared for cryo 
preservation . The cryopreserved portion involves adding a 
final concentration of 10 % DMSO and 5 % HSA to the BM 
cells and bringing the preparation to -86 ° C. , either by 
passive cooling or by controlled cooling at a rate of approxi 
mately –1 ° C./min , after which the cryopreserved portion is 
plunged into liquid nitrogen . 
[ 0085 ] For selection of CD34 + cells , either the newly 
processed BM preparation is used or a previously cryopre 
served portion is thawed for use . Ficoll - Paque PLUS is 
added to the BM preparation to separate the desired CD34 + 
cell component of the bone marrow . It has been found for 
cell selection from cryopreserved bone marrow that the 
conventional density for the Ficoll of 1.077 g / ml produces 
acceptable results . However , in one aspect of the present 
disclosure , for cell selection from freshly prepared deceased 
donor bone marrow the Ficoll density is reduced from the 
conventional density . In particular , the density is reduced by 
mixing Ficoll - Paque PLUS ( density 1.077 g / mL , GE Com 
pany ) with Plasma Lyte - A Injection pH 7.4 ( Baxter Health 
care 2B2544X ) in specific proportions to obtain an overall 
density of less than 1.077 g / ml , particularly 1.063-1.052 
g / ml . In one specific embodiment , the density of 1.063 g / ml 
was found for isolation of CD34 + cells , taking into account 
quantity , viability and purity of the CD34 + cells . 
[ 0086 ] In one embodiment , 5 ml of the 1.063 g / ml density 
Ficoll solutions is pipetted into 15 - ml centrifuge tubes , and 
the BM solution generated from VBs of deceased donors is 
carefully layered over the Ficoll gradient . The tubes are 
centrifuged for 30 min at 400 g without break at room 
temperature . After centrifugation , buffy coat cells are har 
vested carefully , and the cells are washed in phosphate 
buffered saline ( PBS ) containing 0.5 % HSA and 2 mM 
Ethylenediaminetetraacetic acid ( EDTA ) ( MACS buffer , 
Miltenyi ) . In one specific embodiment , centrifugation is 
performed for 5 min at 400 g , and the resulting cell pellets 
are resuspended in 10 ml PBS , followed by a second 
centrifugation for 5 min at 400 g . 
[ 0087 ] Nucleated cells in the isolated buffy coat can be 
counted using a Sysmex XP - 300 . A Cellometer Vision 
( Nexcellom ) or flow cytometer can be used to determine cell 
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counts of purified CD34 cells . 20 microliters of AOPI can be 
added to 20 microliters of cells and after mixing total viable 
cells can be determined . The CD34 + cells can be selected by 
a positive immune separation method using a CliniMAX 
system ( Miltenyi , Bergisch Gladbach , Germany ) or an Easy 
Sep CD34 kit ( Stemcell Technologies , Vancouver , BC , 
Canada ) in accordance with the protocol of the manufac 
turer . From testing at various Ficoll densities it has been 
surprisingly determined that the lower Ficoll density con 
templated in the present disclosure ( i.e. , 1.063-1.052 gm / ml 
vs. the conventional 1.077 gm / ml density ) leads to more 
optimum cell recovery . Optimization is based on purity , 
viability and yield of selected CD34 cells . A target of > 90 % 
purity and > 90 % viable CD34 + cells is preferred . While 
lower Ficoll densities resulted in greater purity and fewer 
dead cells , it was surprisingly found that a greater portion of 
the CD34 + cells present in the deceased donor whole bone 
marrow before selection are lost using the lower Ficoll 
densities to prepare buffy coat . Thus , the high viability and 
purity of CD45 / CD34 + cells achieved at the conventional 
Ficoll density gradient also leads to a large loss in yield 
( approximately 60 % loss of input CD34 + cells ) . 
[ 0088 ] Thus , in accordance with one aspect of the present 
disclosure , for freshly prepared the density of Ficoll for 
selection of CD45 / CD34 + cells at > 90 % purity and viability 
is less than 1.077 and particularly 1.063-1.052 . This Ficoll 
density provides a higher yield of CD45 / CD34 + cells with 
similar purity and cell viability to the conventional Ficoll 
density approach . 
[ 0089 ] In another aspect of the present disclosure , the 
CD34 + cells can be initially acquired from a freshly pre 
pared deceased donor bone marrow using the reduced den 
sity Ficoll - Paque described above . The BM can be cryo 
genically frozen and then the CD34 + cells can be acquired 
later using conventional density Ficoll - Paque . This approach 
essentially allows selective recovery of cells from deceased 
donor bone marrow either before freezing using the modi 
fied Ficoll density or after freezing and thawing using 
conventional Ficoll density . 
[ 0090 ] Described herein , in some embodiments , is a 
method of processing bone marrow to obtain bone marrow 
cells . In some embodiments , the method comprises the 
contacting the bone marrow or the bone marrow cells with 
the stabilization buffer described herein . In some embodi 
ments , the stabilization buffer comprises serum albumin . In 
some embodiments , the serum albumin can be human serum 
albumin . In some embodiments , the stabilization buffer 
comprises about 0.01 % HSA , 0.05 % HSA , 0.1 % HSA , 0.2 % 
HSA , 0.3 % HSA , 0.4 % HSA , 0.5 % HSA , 0.6 % HSA , 0.7 % 
HSA , 0.8 % HSA , 0.9 % HSA , 1.0 % HSA , 1.5 % HSA , 2 % 
HSA , 2.5 % HSA , 5 % HSA , 10 % HSA , 20 % HSA , or more 
HSA . In some embodiments , the stabilization buffer com 
prises nuclease . In some embodiments , the nuclease is 
Benzonase . In some embodiments , the stabilization buffer 
comprises nuclease at about 1 unit / ml ( U / ml ) , 2 U / ml , 3 
U / ml , 4 U / ml , 5 U / ml , 6 U / ml , 7 U / ml , 8 U / ml , 9 U / ml , 10 
U / ml , 11 U / ml , 12 U / ml , 13 U / ml , 14 U / ml , 15 U / ml , 16 
U / ml , 17 U / ml , 18 U / ml , 19 U / ml , 20 U / ml , 21 U / ml , 22 
U / ml , 23 U / ml , 24 U / ml , 25 U / ml , 26 U / ml , 27 U / ml , 28 
U / ml , 29 U / ml , 30 U / ml , 50 U / ml , 100 U / ml , 200 U / ml , or 
more U / ml . In some embodiments , the stabilization buffer 
comprises an anticoagulant . In some cases , the anticoagulant 
is Heparin . In some instances , the stabilization buffer com 
prises anticoagulant at about 1 U / ml , 2 U / ml , 3 U / ml , 4 

U / ml , 5 U / ml , 6 U / ml , 7 U / ml , 8 U / ml , 9 U / ml , 10 U / ml , 11 
U / ml , 12 U / ml , 13 U / ml , 14 U / ml , 15 U / ml , 16 U / ml , 17 
U / ml , 18 U / ml , 19 U / ml , 20 U / ml , 21 U / ml , 22 U / ml , 23 
U / ml , 24 U / ml , 25 U / ml , 26 U / ml , 27 U / ml , 28 U / ml , 29 
U / ml , 30 U / ml , 50 U / ml , 100 U / ml , 200 U / ml , or more U / ml . 
[ 0091 ] In some embodiments , processing or contacting the 
bone marrow or bone marrow cells described herein with the 
stabilization buffer increases the yield of the bone marrow 
cells obtained from the methods described herein compared 
to the yield of the bone marrow cells processed in the 
absence of the stabilization buffer . In some instances , pro 
cessing or contacting the bone marrow or bone marrow cells 
described herein with the stabilization buffer increases the 
yield of the bone marrow cells by at least about 10 % , 20 % , 
30 % , 40 % , 50 % , 60 % , 70 % , 80 % . 90 % , 100 % , 2 folds , 3 
folds , 4 folds , 5 folds , 10 folds , 20 folds , 50 folds , or more 
compared to yield of bone marrow cells processed in the 
absence of the stabilization buffer . In some embodiments , 
processing or contacting the bone marrow or bone marrow 
cells described herein with the stabilization buffer increases 
the viability of the bone marrow cells obtained from the 
methods described herein compared to the viability of the 
bone marrow cells processed in the absence of the stabili 
zation buffer . In some instances , processing or contacting the 
bone marrow or bone marrow cells described herein with the 
stabilization buffer increases the viability of the bone mar 
row cells by at least about 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 
70 % , 80 % . 90 % , 100 % , 2 folds , 3 folds , 4 folds , 5 folds , 10 
folds , 20 folds , 50 folds , or more compared to viability of 
bone marrow cells processed in the absence of the stabili 
zation buffer . 
[ 0092 ] In some embodiments , processing or contacting the 
bone marrow or bone marrow cells described herein with the 
stabilization buffer increases the number of CD34 + bone 
marrow cells compare to the number of CD34 + bone mar 
row cells processed in the absence of the stabilization buffer . 
In some cases , the number of CD34 + bone marrow obtained 
from processing with the stabilization buffer is increased by 
at least about 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 80 % . 
90 % , 100 % , 2 folds , 3 folds , 4 folds , 5 folds , 10 folds , 20 
folds , 50 folds , or more compared to the number of CD34 + 
bone marrow obtained from processing in the absence of 
stabilization buffer . In some embodiments , processing or 
contacting the bone marrow or bone marrow cells described 
herein with the stabilization buffer increases the number of 
CD45 + bone marrow cells compare to the number of CD45 + 
bone marrow cells processed in the absence of the stabili 
zation buffer . In some cases , the number of CD45 + bone 
marrow obtained from processing with the stabilization 
buffer is increased by at least about 10 % , 20 % , 30 % , 40 % , 
50 % , 60 % , 70 % , 80 % . 90 % , 100 % , 2 folds , 3 folds , 4 folds , 
5 folds , 10 folds , 20 folds , 50 folds , or more compared to the 
number of CD45 + bone marrow obtained from processing in 
the absence of stabilization buffer . 

MSCs Combination Treatments Promote Immune Tolerance 
of Vascular Composite Allotransplants and Solid Organ 
Transplantation 
[ 0093 ] In one aspect of the present disclosure , a method 
and composition are provided for inhibiting an immune 
response within a subject following vascularized composite 
allotransplantation ( VCA ) . In some embodiments , the vas 
cularized composite may include transplantation of an organ 
to a subject referred to as a solid organ transplant ( SOT ) . In 
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some embodiments , the SOT may be a limb , heart , kidney 
liver , lung , pancreas , intestine , thymus , or uterus , skin or 
combination thereof . 
[ 0094 ] It has been shown that MSC are a potentially useful 
adjuvant to stem cell transplants ( SCT ) for promoting mixed 
chimerisms as well as promoting complementary peripheral 
immunomodulatory functions . It has been demonstrated 
therapeutic potential of MSC for inducing operational tol 
erance of SOT and VCA , providing proof - of - principle for 
clinical testing in the transplant setting . The effect of MSC 
infusion , including in humans and nonhuman primates , is to 
skew the T cell population in favor of TREG Over Tem cells . 
It is evident that mixed chimerisim is essential for central 
tolerance of SOT and VCA , which is complemented by 
expansion of peripheral alloantigen - specific regulatory T 
cells ( TREGS ) and donor - derived tolerogenic dendritic cells 
( TolDC ) . 
[ 0095 ] In some embodiments , cadaveric MSCs may 
administered prophylactically , perioperatively or postopera 
tively with SOT or other VCA procedures . In some embodi 
ments , cadaveric MSCs administered may comprise cadav 
eric human MSCs derived from bone marrow , adherent 
vertebral body MSCs ( VBA - MSCs ) , or both . 
[ 0096 ] In some embodiments , the composition of cadav 
eric human MSCs provided for inhibiting an immune 
response may be administered in quantities of about 10 
million to about 10 billion . In some embodiments , cadaveric 
human MSCs may be administered in quantities of about 10 
million to about 100 million , about 10 million to about 1 
billion , about 10 million to about 10 billion , about 100 
million to about 1 billion , about 100 million to about 10 
billion , or about 1 billion to about 10 billion . In some 
embodiments , cadaveric human MSCs may be administered 
in quantities of about 10 million , about 100 million , about 1 
billion , or about 10 billion . In some embodiments , cadaveric 
human MSCs may be administered in quantities of at least 
about 10 million , about 100 million , or about 1 billion . In 
some embodiments , cadaveric human MSCs may be admin 
istered in quantities of at most about 100 million , about 1 
billion , about 10 billion . 
[ 0097 ] In some embodiments , the composition of cadav 
eric MSCs ( e.g. VBA - MSCs ) may be comprised of less than 
5 % CD45 + . In some embodiments , the composition of 
cadaveric MSCs may be comprised of less than about 0.5 % 
CD45 + to about 10 % CD45 + . In some embodiments , the 
composition of cadaveric MSCs may be comprised of less 
than about 10 % CD45 + to about 9 % CD45 + , about 10 % 
CD45 + to about 8 % CD45 + , about 10 % CD45 + to about 7 % 
CD45 + , about 10 % CD45 + to about 6 % CD45 + , about 10 % 
CD45 + to about 5 % CD45 + , about 10 % CD45 + to about 4 % 
CD45 + , about 10 % CD45 + to about 3 % CD45 + , about 10 % 
CD45 + to about 2 % CD45 + , about 10 % CD45 + to about 1 % 
CD45 + , about 10 % CD45 + to about 0.5 % CD45 + , about 9 % 
CD45 + to about 8 % CD45 + , about 9 % CD45 + to about 7 % 
CD45 + , about 9 % CD45 + to about 6 % CD45 + , about 9 % 
CD45 + to about 5 % CD45 + , about 9 % CD45 + to about 4 % 
CD45 + , about 9 % CD45 + to about 3 % CD45 + , about 9 % 
CD45 + to about 2 % CD45 + , about 9 % CD45 + to about 1 % 
CD45 + , about 9 % CD45 + to about 0.5 % CD45 + , about 8 % 
CD45 + to about 7 % CD45 + , about 8 % CD45 + to about 6 % 
CD45 + , about 8 % CD45 + to about 5 % CD45 + , about 8 % 
CD45 + to about 4 % CD45 + , about 8 % CD45 + to about 3 % 
CD45 + , about 8 % CD45 + to about 2 % CD45 + , about 8 % 
CD45 + to about 1 % CD45 + , about 8 % CD45 + to about 

0.5 % CD45 + , about 7 % CD45 + to about 6 % CD45 + , about 
7 % CD45 + to about 5 % CD45 + , about 7 % CD45 + to about 
4 % CD45 + , about 7 % CD45 + to about 3 % CD45 + , about 
7 % CD45 + to about 2 % CD45 + , about 7 % CD45 + to about 
1 % CD45 + , about 7 % CD45 + to about 0.5 % CD45 + , about 
6 % CD45 + to about 5 % CD45 + , about 6 % CD45 + to about 
4 % CD45 + , about 6 % CD45 + to about 3 % CD45 + , about 
6 % CD45 + to about 2 % CD45 + , about 6 % CD45 + to about 
1 % CD45 + , about 6 % CD45 + to about 0.5 % CD45 + , about 
5 % CD45 + to about 4 % CD45 + , about 5 % CD45 + to about 
3 % CD45 + , about 5 % CD45 + to about 2 % CD45 + , about 
5 % CD45 + to about 1 % CD45 + , about 5 % CD45 + to about 
0.5 % CD45 + , about 4 % CD45 + to about 3 % CD45 + , about 
4 % CD45 + to about 2 % CD45 + , about 4 % CD45 + to about 
1 % CD45 + , about 4 % CD45 + to about 0.5 % CD45 + , about 
3 % CD45 + to about 2 % CD45 + , about 3 % CD45 + to about 
1 % CD45 + , about 3 % CD45 + to about 0.5 % CD45 + , about 
2 % CD45 + to about 1 % CD45 + , about 2 % CD45 + to about 
0.5 % CD45 + , or about 1 % CD45 + to about 0.5 % CD45 + . In 
some embodiments , the composition of cadaveric MSCs 
may be comprised of less than about 10 % CD45 + , about 9 % 
CD45 + , about 8 % CD45 + , about 7 % CD45 + , about 6 % 
CD45 + , about 5 % CD45 + , about 4 % CD45 + , about 3 % 
CD45 + , about 2 % CD45 + , about 1 % CD45 + , or about 0.5 % 
CD45 + . In some embodiments , the composition of cadaveric 
MSCs may be comprised of less than at least about 10 % 
CD45 + , about 9 % CD45 + , about 8 % CD45 + , about 7 % 
CD45 + , about 6 % CD45 + , about 5 % CD45 + , about 4 % 
CD45 + , about 3 % CD45 + , about 2 % CD45 + , or about 1 % 
CD45 + . In some embodiments , the composition of cadaveric 
MSCs may be comprised of less than at most about 9 % 
CD45 + , about 8 % CD45 + , about 7 % CD45 + , about 6 % 
CD45 + , about 5 % CD45 + , about 4 % CD45 + , about 3 % 
CD45 + , about 2 % CD45 + , about 1 % CD45 + , or about 0.5 % 
CD45 + . 
[ 0098 ] In some embodiments , the composition of cadav 
eric MSCs ( e.g. VBA - MSCs ) may comprise more than 1 % 
CD45 + cells . In some embodiments , the composition of 
cadaveric MSCs may comprise more than 1.1 % CD45 + 
cells . In some embodiments , the composition of cadaveric 
MSCs may comprise more than 1.2 % CD45 + cells . In some 
embodiments , the composition of cadaveric MSCs may 
comprise more than 1.3 % CD45 + cells . In some embodi 
ments , the composition of cadaveric MSCs may comprise 
more than 1.4 % CD45 + cells . In some embodiments , 
composition of cadaveric MSCs may comprise more than 
1.5 % CD45 + cells . In some embodiments , the composition 
of cadaveric MSCs may comprise more than 1.6 % CD45 + 
cells . In some embodiments , the composition of cadaveric 
MSCs may comprise more than 1.7 % CD45 + cells . In some 
embodiments , the composition of cadaveric MSCs may 
comprise more than 1.8 % CD45 + cells . In some embodi 
ments , the composition of cadaveric MSCs may comprise 
more than 1.9 % CD45 + cells . In some embodiments , the 
composition of cadaveric MSCs may comprise more than 
2 % CD45 + cells . 

[ 0099 ] In some embodiments , the composition of cadav 
eric MSCs may be comprised of at least 90 % CD105 + cells . 
In some embodiments , the composition of cadaveric MSCs 
may be comprised of at least about 70 % CD105 + cells to 
about 100 % CD105 + cells . In some embodiments , the 
composition of cadaveric MSCs may be comprised of at 
least about 100 % CD105 + cells to about 95 % CD105 + cells , 
about 100 % CD105 + cells to about 94 % CD105 + cells , 
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about 100 % CD105 + cells to about 93 % CD105 + cells , 
about 100 % CD105 + cells to about 92 % CD105 + cells , 
about 100 % CD105 + cells to about 91 % CD105 + cells , 
about 100 % CD105 + cells to about 90 % CD105 + cells , 
about 100 % CD105 + cells to about 85 % CD105 + cells , 
about 100 % CD105 + cells to about 80 % CD105 + cells , 
about 100 % CD105 + cells to about 75 % CD105 + cells , 
about 100 % CD105 + cells to about 70 % CD105 + cells , 
about 95 % CD105 + cells to about 94 % CD105 + cells , about 
95 % CD105 + cells to about 93 % CD105 + cells , about 95 % 
CD105 + cells to about 92 % CD105 + cells , about 95 % 
CD105 + cells to about 91 % CD105 + cells , about 95 % 
CD105 + cells to about 90 % CD105 + cells , about 95 % 
CD105 + cells to about 85 % CD105 + cells , about 95 % 
CD105 + cells to about 80 % CD105 + cells , about 95 % 
CD105 + cells to about 75 % CD105 + cells , about 95 % 
CD105 + cells to about 70 % CD105 + cells , about 94 % 
CD105 + cells to about 93 % CD105 + cells , about 94 % 
CD105 + cells to about 92 % CD105 + cells , about 94 % 
CD105 + cells to about 91 % CD105 + cells , about 94 % 
CD105 + cells to about 90 % CD105 + cells , about 94 % 
CD105 + cells to about 85 % CD105 + cells , about 94 % 
CD105 + cells to about 80 % CD105 + cells , about 94 % 
CD105 + cells to about 75 % CD105 + cells , about 94 % 
CD105 + cells to about 70 % CD105 + cells , about 93 % 
CD105 + cells to about 92 % CD105 + cells , about 93 % 
CD105 + cells to about 91 % CD105 + cells , about 93 % 
CD105 + cells to about 90 % CD105 + cells , about 93 % 
CD105 + cells to about 85 % CD105 + cells , about 93 % 
CD105 + cells to about 80 % CD105 + cells , about 93 % 
CD105 + cells to about 75 % CD105 + cells , about 93 % 
CD105 + cells to about 70 % CD105 + cells , about 92 % 
CD105 + cells to about 91 % CD105 + cells , about 92 % 
CD105 + cells to about 90 % CD105 + cells , about 92 % 
CD105 + cells to about 85 % CD105 + cells , about 92 % 
CD105 + cells to about 80 % CD105 + cells , about 92 % 
CD105 + cells to about 75 % CD105 + cells , about 92 % 
CD105 + cells to about 70 % CD105 + cells , about 91 % 
CD105 + cells to about 90 % CD105 + cells , about 91 % 
CD105 + cells to about 85 % CD105 + cells , about 91 % 
CD105 + cells to about 80 % CD105 + cells , about 91 % 
CD105 + cells to about 75 % CD105 + cells , about 91 % 
CD105 + cells to about 70 % CD105 + cells , about 90 % 
CD105 + cells to about 85 % CD105 + cells , about 90 % 
CD105 + cells to about 80 % CD105 + cells , about 90 % 
CD105 + cells to about 75 % CD105 + cells , about 90 % 
CD105 + cells to about 70 % CD105 + cells , about 85 % 
CD105 + cells to about 80 % CD105 + cells , about 85 % 
CD105 + cells to about 75 % CD105 + cells , about 85 % 
CD105 + cells to about 70 % CD105 + cells , about 80 % 
CD105 + cells to about 75 % CD105 + cells , about 80 % 
CD105 + cells to about 70 % CD105 + cells , or about 75 % 
CD105 + cells to about 70 % CD105 + cells . In some embodi 
ments , the composition of cadaveric MSCs may be com 
prised of at least about 100 % CD105 + cells , about 95 % 
CD105 + cells , about 94 % CD105 + cells , about 93 % 
CD105 + cells , about 92 % CD105 + cells , about 91 % 
CD105 + cells , about 90 % CD105 + cells , about 85 % 
CD105 + cells , about 80 % CD105 + cells , about 75 % 
CD105 + cells , or about 70 % CD105 + cells . In some embodi 
ments , the composition of cadaveric MSCs may be com 
prised of at least at least about 100 % CD105 + cells , about 
95 % CD105 + cells , about 94 % CD105 + cells , about 93 % 
CD105 + cells , about 92 % CD105 + cells , about 91 % 

CD105 + cells , about 90 % CD105 + cells , about 85 % 
CD105 + cells , about 80 % CD105 + cells , or about 75 % 
CD105 + cells . In some embodiments , the composition of 
cadaveric MSCs may be comprised of at least at most about 
95 % CD105 + cells , about 94 % CD105 + cells , about 93 % 
CD105 + cells , about 92 % CD105 + cells , about 91 % 
CD105 + cells , about 90 % CD105 + cells , about 85 % 
CD105 + cells , about 80 % CD105 + cells , about 75 % 
CD105 + cells , or about 70 % CD105 + cells . 
[ 0100 ] In some embodiments , the composition of cadav 
eric MSCs may be comprised of at least 90 % CD166 + cells . 
In some embodiments , the composition of cadaveric MSCs 
may be comprised of at least about 70 % CD166 + cells to 
about 100 % CD166 + cells . In some embodiments , the 
composition of cadaveric MSCs may be comprised of at 
least about 100 % CD166 + cells to about 95 % CD166 + cells , 
about 100 % CD166 + cells to about 94 % CD166 + cells , 
about 100 % CD166 + cells to about 93 % CD166 + cells , 
about 100 % CD166 + cells to about 92 % CD166 + cells , 
about 100 % CD166 + cells to about 91 % CD166 + cells , 
about 100 % CD166 + cells to about 90 % CD166 + cells , 
about 100 % CD166 + cells to about 85 % CD166 + cells , 
about 100 % CD166 + cells to about 80 % CD166 + cells , 
about 100 % CD166 + cells to about 75 % CD166 + cells , 
about 100 % CD166 + cells to about 70 % CD166 + cells , 
about 95 % CD166 + cells to about 94 % CD166 + cells , about 
95 % CD166 + cells to about 93 % CD166 + cells , about 95 % 
CD166 + cells to about 92 % CD166 + cells , about 95 % 
CD166 + cells to about 91 % CD166 + cells , about 95 % 
CD166 + cells to about 90 % CD166 + cells , about 95 % 
CD166 + cells to about 85 % CD166 + cells , about 95 % 
CD166 + cells to about 80 % CD166 + cells , about 95 % 
CD166 + cells to about 75 % CD166 + cells , about 95 % 
CD166 + cells to about 70 % CD166 + cells , about 94 % 
CD166 + cells to about 93 % CD166 + cells , about 94 % 
CD166 + cells to about 92 % CD166 + cells , about 94 % 
CD166 + cells to about 91 % CD166 + cells , about 94 % 
CD166 + cells to about 90 % CD166 + cells , about 94 % 
CD166 + cells to about 85 % CD166 + cells , about 94 % 
CD166 + cells to about 80 % CD166 + cells , about 94 % 
CD166 + cells to about 75 % CD166 + cells , about 94 % 
CD166 + cells to about 70 % CD166 + cells , about 93 % 
CD166 + cells to about 92 % CD166 + cells , about 93 % 
CD166 + cells to about 91 % CD166 + cells , about 93 % 
CD166 + cells to about 90 % CD166 + cells , about 93 % 
CD166 + cells to about 85 % CD166 + cells , about 93 % 
CD166 + cells to about 80 % CD166 + cells , about 93 % 
CD166 + cells to about 75 % CD166 + cells , about 93 % 
CD166 + cells to about 70 % CD166 + cells , about 92 % 
CD166 + cells to about 91 % CD166 + cells , about 92 % 
CD166 + cells to about 90 % CD166 + cells , about 92 % 
CD166 + cells to about 85 % CD166 + cells , about 92 % 
CD166 + cells to about 80 % CD166 + cells , about 92 % 
CD166 + cells to about 75 % CD166 + cells , about 92 % 
CD166 + cells to about 70 % CD166 + cells , about 91 % 
CD166 + cells to about 90 % CD166 + cells , about 91 % 
CD166 + cells to about 85 % CD166 + cells , about 91 % 
CD166 + cells to about 80 % CD166 + cells , about 91 % 
CD166 + cells to about 75 % CD166 + cells , about 91 % 
CD166 + cells to about 70 % CD166 + cells , about 90 % 
CD166 + cells to about 85 % CD166 + cells , about 90 % 
CD166 + cells to about 80 % CD166 + cells , about 90 % 
CD166 + cells to about 75 % CD166 + cells , about 90 % 
CD166 + cells to about 70 % CD166 + cells , about 85 % 
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CD166 + cells to about 80 % CD166 + cells , about 85 % 
CD166 + cells to about 75 % CD166 + cells , about 85 % 
CD166 + cells to about 70 % CD166 + cells , about 80 % 
CD166 + cells to about 75 % CD166 + cells , about 80 % 
CD166 + cells to about 70 % CD166 + cells , or about 75 % 
CD166 + cells to about 70 % CD166 + cells . In some embodi 
ments , the composition of cadaveric MSCs may be com 
prised of at least about 100 % CD166 + cells , about 95 % 
CD166 + cells , about 94 % CD166 + cells , about 93 % 
CD166 + cells , about 92 % CD166 + cells , about 91 % 
CD166 + cells , about 90 % CD166 + cells , about 85 % 
CD166 + cells , about 80 % CD166 + cells , about 75 % 
CD166 + cells , or about 70 % CD166 + cells . In some embodi 
ments , the composition of cadaveric MSCs may be com 
prised of at least at least about 100 % CD166 + cells , about 
95 % CD166 + cells , about 94 % CD166 + cells , about 93 % 
CD166 + cells , about 92 % CD166 + cells , about 91 % 
CD166 + cells , about 90 % CD166 + cells , about 85 % 
CD166 + cells , about 80 % CD166 + cells , or about 75 % 
CD166 + cells . In some embodiments , the composition of 
cadaveric MSCs may be comprised of at least at most about 
95 % CD166 + cells , about 94 % CD166 + cells , about 93 % 
CD166 + cells , about 92 % CD166 + cells , about 91 % 
CD166 + cells , about 90 % CD166 + cells , about 85 % 
CD166 + cells , about 80 % CD166 + cells , about 75 % 
CD166 + cells , or about 70 % CD166 + cells . 
[ 0101 ] In some embodiments , MSCs may be administered 
for both tolerogenic and pro - tolerogenic SOT or VCA 
including heart , limbs , kidney , skin and lung tissues . In some 
embodiments , MSCs may be administered with hematopoi 
etic stem cells ( HSC ) to enhance mixed chimerism and to 
minimize the number of HSC required for transplantation . It 
has been shown that MSCs have been reported to facilitate 
and enhance engraftment of allogeneic HSC clinically , even 
after initial graft failure and rejection of conventional stem 
cell grafts . 
[ 0102 ] The combination of promoting bone marrow ( BM ) 
chimerism and the immunomodulatory and HSC stabilizing 
effects of MSC suggest that combining these cells with BM 
transplants will be a potent combination for inducing 
immune tolerance for SOT and VCA as well as facilitating 
function of the inherent BM component of VCA . Thus , in 
some embodiments , MSCs may be administered in combi 
nation with bone marrow and HSCs to promote a state of 
mixed chimerism . 
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embodiments , the composition of MSCs may comprise more 
than 1.7 % CD45 + cells . In some embodiments , the compo 
sition of MSCs may comprise more than 1.8 % CD45 + cells . 
In some embodiments , the composition of MSCs may com 
prise more than 1.9 % CD45 + cells . In some embodiments , 
the composition of MSCs may comprise more than 2 % 
CD45 + cells . In some embodiments , the composition of 
MSCs ( e.g. VBA - MSCs ) may be comprised of less than 5 % 
CD45 + . In some embodiments , the composition of MSCs 
may be comprised of less than about 0.5 % CD45 + to about 
10 % CD45 + . In some embodiments , the composition of 
MSCs may be comprised of less than about 10 % CD45 + to 
about 9 % CD45 + , about 10 % CD45 + to about 8 % CD45 + , 
about 10 % CD45 + to about 7 % CD45 + , about 10 % CD45 + 
to about 6 % CD45 + , about 10 % CD45 + to about 5 % 
CD45 + , about 10 % CD45 + to about 4 % CD45 + , about 10 % 
CD45 + to about 3 % CD45 + , about 10 % CD45 + to about 2 % 
CD45 + , about 10 % CD45 + to about 1 % CD45 + , about 10 % 
CD45 + to about 0.5 % CD45 + , about 9 % CD45 + to about 
8 % CD45 + , about 9 % CD45 + to about 7 % CD45 + , about 
9 % CD45 + to about 6 % CD45 + , about 9 % CD45 + to about 
5 % CD45 + , about 9 % CD45 + to about 4 % CD45 + , about 
9 % CD45 + to about 3 % CD45 + , about 9 % CD45 + to about 
2 % CD45 + , about 9 % CD45 + to about 1 % CD45 + , about 
9 % CD45 + to about 0.5 % CD45 + , about 8 % CD45 + to 
about 7 % CD45 + , about 8 % CD45 + to about 6 % CD45 + , 
about 8 % CD45 + to about 5 % CD45 + , about 8 % CD45 + to 
about 4 % CD45 + , about 8 % CD45 + to about 3 % CD45 + , 
about 8 % CD45 + to about 2 % CD45 + , about 8 % CD45 + to 
about 1 % CD45 + , about 8 % CD45 + to about 0.5 % CD45 + , 
about 7 % CD45 + to about 6 % CD45 + , about 7 % CD45 + to 
about 5 % CD45 + , about 7 % CD45 + to about 4 % CD45 + , 
about 7 % CD45 + to about 3 % CD45 + , about 7 % CD45 + to 
about 2 % CD45 + , about 7 % CD45 + to about 1 % CD45 + , 
about 7 % CD45 + to about 0.5 % CD45 + , about 6 % CD45 + 
to about 5 % CD45 + , about 6 % CD45 + to about 4 % CD45 + , 
about 6 % CD45 + to about 3 % CD45 + , about 6 % CD45 + to 
about 2 % CD45 + , about 6 % CD45 + to about 1 % CD45 + , 
about 6 % CD45 + to about 0.5 % CD45 + , about 5 % CD45 + 
to about 4 % CD45 + , about 5 % CD45 + to about 3 % CD45 + , 
about 5 % CD45 + to about 2 % CD45 + , about 5 % CD45 + to 
about 1 % CD45 + , about 5 % CD45 + to about 0.5 % CD45 + , 
about 4 % CD45 + to about 3 % CD45 + , about 4 % CD45 + to 
about 2 % CD45 + , about 4 % CD45 + to about 1 % CD45 + , 
about 4 % CD45 + to about 0.5 % CD45 + , about 3 % CD45 + 
to about 2 % CD45 + , about 3 % CD45 + to about 1 % CD45 + , 
about 3 % CD45 + to about 0.5 % CD45 + , about 2 CD45 + to 
about 1 % CD45 + , about 2 % CD45 + to about 0.5 % CD45 + , 
or about 1 % CD45 + to about 0.5 % CD45 + . In some embodi 
ments , the composition of MSCs may be comprised of less 
than about 10 % CD45 + , about 9 % CD45 + , about 8 % 
CD45 + , about 7 % CD45 + , about 6 % CD45 + , about 5 % 
CD45 + , about 4 % CD45 + , about 3 % CD45 + , about 2 % 
CD45 + , about 1 % CD45 + , or about 0.5 % CD45 + . In some 
embodiments , the composition of MSCs may be comprised 
of less than at least about 10 % CD45 + , about 9 % CD45 + , 
about 8 % CD45 + , about 7 % CD45 + , about 6 % CD45 + , 
about 5 % CD45 + , about 4 % CD45 + , about 3 % CD45 + , 
about 2 % CD45 + , or about 1 % CD45 + . In some embodi 
ments , the composition of MSCs may be comprised of less 
than at most about 9 % CD45 + , about 8 % CD45 + , about 7 % 
CD45 + , about 6 % CD45 + , about 5 % CD45 + , about 4 % 
CD45 + , about 3 % CD45 + , about 2 % CD45 + , about 1 % 
CD45 + , or about 0.5 % CD45 + . 

MSCs for Treating Medical Conditions 
[ 0103 ] Another aspect described herein is a method of 
treating a medical condition in a subject suffering therefrom , 
the method comprising administering a composition com 
prising a population of mesenchymal stem cells ( MSCs ) , 
wherein the population of MSCs comprises more than 
1.75 % CD45 + cells . In some embodiments , the composition 
of MSCs ( e.g. VBA - MSCs ) may comprise more than 1 % 
CD45 + cells . In some embodiments , the composition of 
MSCs may comprise more than 1.1 % CD45 + cells . In some 
embodiments , the composition of MSCs may comprise more 
than 1.2 % CD45 + cells . In some embodiments , the compo 
sition of MSCs may comprise more than 1.3 % CD45 + cells . 
In some embodiments , the composition of MSCs may com 
prise more than 1.4 % CD45 + cells . In some embodiments , 
the composition of MSCs may comprise more than 1.5 % 
CD45 + cells . In some embodiments , the composition of 
MSCs may comprise more than 1.6 % CD45 + cells . In some 
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[ 0104 ] In some embodiments , the population of human 
MSCs is immune - suppressive . In some embodiments , the 
population of human MSCs suppresses CD4 + immune cell 
expansion by at least about 1 fold to about 4 fold . In some 
embodiments , the population of human MSCs suppresses 
CD4 + immune cell expansion by at least about 1 fold to 
about 2 fold , about 1 fold to about 3 fold , about 1 fold to 
about 4 fold , about 2 fold to about 3 fold , about 2 fold to 
about 4 fold , or about 3 fold to about 4 fold . In some 
embodiments , the population of human MSCs suppresses 
CD4 + immune cell expansion by at least about 1 fold , about 
2 fold , about 3 fold , or about 4 fold . In some embodiments , 
the population of human MSCs suppresses CD4 + immune 
cell expansion by at least at least about 1 fold , about 2 fold , 
or about 3 fold . In some embodiments , the population of 
human MSCs suppresses CD4 + immune cell expansion by 
at least at most about 2 fold , about 3 fold , or about 4 fold . 
In some embodiments , the population of human MSCs 
suppresses CD4 + immune cell expansion by at least 1 fold . 
In some embodiments , the population of human MSCs 
suppresses CD4 + immune cell expansion by at least 2 fold . 
In some embodiments , the population of human MSCs 
suppresses CD4 + immune cell expansion by at least 3 fold . 
In some embodiments , the population of human MSCs 
suppresses CD4 + immune cell expansion by at least 4 fold . 
In some embodiments , the population of human MSCs 
suppresses CD4 + immune cell expansion by at least about 
10 % to about 95 % . In some embodiments , the population of 
human MSCs suppresses CD4 + immune cell expansion by 
at least about 10 % about 20 % , about 10 % to about 30 % , 
about 10 % to about 40 % , about 10 % to about 50 % , about 
10 % to about 60 % , about 10 % to about 70 % , about 10 % to 
about 80 % , about 10 % to about 90 % , about 10 % to about 
95 % , about 20 % to about 30 % , about 20 % to about 40 % , 
about 20 % to about 50 % , about 20 % to about 60 % , about 
20 % to about 70 % , about 20 % to about 80 % , about 20 % to 
about 90 % , about 20 % to about 95 % , about 30 % to about 
40 % , about 30 % to about 50 % , about 30 % to about 60 % , 
about 30 % to about 70 % , about 30 % to about 80 % , about 
30 % to about 90 % , about 30 % to about 95 % , about 40 % to 
about 50 % , about 40 % to about 60 % , about 40 % to about 
70 % , about 40 % to about 80 % , about 40 % to about 90 % , 
about 40 % to about 95 % , about 50 % to about 60 % , about 
50 % to about 70 % , about 50 % to about 80 % , about 50 % to 
about 90 % , about 50 % to about 95 % , about 60 % to about 
70 % , about 60 % to about 80 % , about 60 % to about 90 % , 
about 60 % to about 95 % , about 70 % to about 80 % , about 
70 % to about 90 % , about 70 % to about 95 % , about 80 % to 
about 90 % , about 80 % to about 95 % , or about 90 % to about 
95 % . In some embodiments , the population of human MSCs 
suppresses CD4 + immune cell expansion by at least about 
10 % , about 20 % , about 30 % , about 40 % , about 50 % , about 
60 % , about 70 % , about 80 % , about 90 % , or about 95 % . In 
some embodiments , the population of human MSCs sup 
presses CD4 + immune cell expansion by at least at least 
about 10 % , about 20 % , about 30 % , about 40 % , about 50 % , 
about 60 % , about 70 % , about 80 % , or about 90 % . In some 
embodiments , the population of human MSCs suppresses 
CD4 + immune cell expansion by at least at most about 20 % , 
about 30 % , about 40 % , about 50 % , about 60 % , about 70 % , 
about 80 % , about 90 % , or about 95 % . In some embodi 
ments , the population of human MSCs suppresses CD8 + 
immune cell expansion by at least about 1 fold to about 4 
fold . In some embodiments , the population of human MSCs 

suppresses CD8 + immune cell expansion by at least about 1 
fold to about 2 fold , about 1 fold to about 3 fold , about 1 fold 
to about 4 fold , about 2 fold to about 3 fold , about 2 fold to 
about 4 fold , or about 3 fold to about 4 fold . In some 
embodiments , the population of human MSCs suppresses 
CD8 + immune cell expansion by at least about 1 fold , about 
2 fold , about 3 fold , or about 4 fold . In some embodiments , 
the population of human MSCs suppresses CD8 + immune 
cell expansion by at least at least about 1 fold , about 2 fold , 
or about 3 fold . In some embodiments , the population of 
human MSCs suppresses CD8 + immune cell expansion by 
at least at most about 2 fold , about 3 fold , or about 4 fold . 
In some embodiments , the population of human MSCs 
suppresses CD8 + immune cell expansion by at least 1 fold . 
In some embodiments , the population of human MSCs 
suppresses CD8 + immune cell expansion by at least 2 fold . 
In some embodiments , the population of human MSCs 
suppresses CD8 + immune cell expansion by at least 3 fold . 
In some embodiments , the population of human MSCs 
suppresses CD8 + immune cell expansion by at least about 
10 % to about 95 % . In some embodiments , the population of 
human MSCs suppresses CD8 + immune cell expansion by 
at least about 10 % to about 20 % , about 10 % to about 30 % , 
about 10 % to about 40 % , about 10 % to about 50 % , about 
10 % to about 60 % , about 10 % to about 70 % , about 10 % to 
about 80 % , about 10 % to about 90 % , about 10 % to about 
95 % , about 20 % to about 30 % , about 20 % to about 40 % , 
about 20 % to about 50 % , about 20 % to about 60 % , about 
20 % to about 70 % , about 20 % to about 80 % , about 20 % to 
about 90 % , about 20 % to about 95 % , about 30 % to about 
40 % , about 30 % to about 50 % , about 30 % to about 60 % , 
about 30 % to about 70 % , about 30 % to about 80 % , about 
30 % to about 90 % , about 30 % to about 95 % , about 40 % to 
about 50 % , about 40 % to about 60 % , about 40 % to about 
70 % , about 40 % to about 80 % , about 40 % to about 90 % , 
about 40 % to about 95 % , about 50 % to about 60 % , about 
50 % to about 70 % , about 50 % to about 80 % , about 50 % to 
about 90 % , about 50 % to about 95 % , about 60 % to about 
70 % , about 60 % to about 80 % , about 60 % to about 90 % , 
about 60 % to about 95 % , about 70 % to about 80 % , about 
70 % to about 90 % , about 70 % to about 95 % , about 80 % to 
about 90 % , about 80 % to about 95 % , or about 90 % to about 
95 % . In some embodiments , the population of human MSCs 
suppresses CD8 + immune cell expansion by at least about 
10 % , about 20 % , about 30 % , about 40 % , about 50 % , about 
60 % , about 70 % , about 80 % , about 90 % , or about 95 % . In 
some embodiments , the population of human MSCs sup 
presses CD8 + immune cell expansion by at least at least 
about 10 % , about 20 % , about 30 % , about 40 % , about 50 % 
, about 60 % , about 70 % , about 80 % , or about 90 % . In some 
embodiments , the population of human MSCs suppresses 
CD8 + immune cell expansion by at least at most about 20 % , 
about 30 % , about 40 % , about 50 % , about 60 % , about 70 % , 
about 80 % , about 90 % , or about 95 % . 
[ 0105 ] In some embodiments , the population of human 
MSCs is passaged at least about 1 time to about 12 times . In 
some embodiments , the population of human MSCs is 
passaged at least about 1 time to about 2 times , about 1 time 
to about 3 times , about 1 time to about 4 times , about 1 time 
to about 5 times , about 1 time to about 6 times , about 1 time 
to about 7 times , about 1 time to about 8 times , about 1 time 
to about 9 times , about 1 time to about 10 times , about 1 time 
to about 11 times , about 1 time to about 12 times , about 2 
times to about 3 times , about 2 times to about 4 times , about 
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2 times to about 5 times , about 2 times to about 6 times , 
about 2 times to about 7 times , about 2 times to about 8 
times , about 2 times to about 9 times , about 2 times to about 
10 times , about 2 times to about 11 times , about 2 times to 
about 12 times , about 3 times to about 4 times , about 3 times 
to about 5 times , about 3 times to about 6 times , about 3 
times to about 7 times , about 3 times to about 8 times , about 
3 times to about 9 times , about 3 times to about 10 times , 
about 3 times to about 11 times , about 3 times to about 12 
times , about 4 times to about 5 times , about 4 times to about 
6 times , about 4 times to about 7 times , about 4 times to 
about 8 times , about 4 times to about 9 times , about 4 times 
to about 10 times , about 4 times to about 11 times , about 4 
times to about 12 times , about 5 times to about 6 times , about 
5 times to about 7 times , about 5 times to about 8 times , 
about 5 times to about 9 times , about 5 times to about 10 
times , about 5 times to about 11 times , about 5 times to about 
12 times , about 6 times to about 7 times , about 6 times to 
about 8 times , about 6 times to about 9 times , about 6 times 
to about 10 times , about 6 times to about 11 times , about 6 
times to about 12 times , about 7 times to about 8 times , about 
7 times to about 9 times , about 7 times to about 10 times , 
about 7 times to about 11 times , about 7 times to about 12 
times , about 8 times to about 9 times , about 8 times to about 
10 times , about 8 times to about 11 times , about 8 times to 
about 12 times , about 9 times to about 10 times , about 9 
times to about 11 times , about 9 times to about 12 times , 
about 10 times to about 11 times , about 10 times to about 12 
times , or about 11 times to about 12 times . In some embodi 
ments , the population of human MSCs is passaged at least 
about 1 time , about 2 times , about 3 times , about 4 times , 
about 5 times , about 6 times , about 7 times , about 8 times , 
about 9 times , about 10 times , about 11 times , or about 12 
times . In some embodiments , the population of human 
MSCs is passaged at least at least about 1 time , about 2 
times , about 3 times , about 4 times , about 5 times , about 6 
times , about 7 times , about 8 times , about 9 times , about 10 
times , or about 11 times . In some embodiments , the popu 
lation of human MSCs is passaged at least at most about 2 
times , about 3 times , about 4 times , about 5 times , about 6 
times , about 7 times , about 8 times , about 9 times , about 10 
times , about 11 times , or about 12 times . 
[ 0106 ] In some embodiments , the population of MSCs 
comprises a doubling rate of at least about 16 to 36 hours 
over the passages . In some embodiments , the population of 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of the at least 4 passages . In some embodi 4 
ments , the population of MSCs comprises a doubling rate of 
at least about 16 to 36 hours over the at least 5 passages . In 
some embodiments , the population of MSCs comprises a 
doubling rate of at least about 16 to 36 hours over each of 
the at least 5 passages . In some embodiments , the population 
of MSCs comprises a doubling rate of at least about 16 to 36 
hours over the at least 6 passages . In some embodiments , the 
population of MSCs comprises a doubling rate of at least 
about 16 to 36 hours over each of the at least 6 passages . In 
some embodiments , the population of MSCs comprises a 
doubling rate of at least about 16 to 36 hours over the at least 
7 passages . In some embodiments , the population of MSCs 
comprises a doubling rate of at least about 16 to 36 hours 
over each of the at least 7 passages . In some embodiments , 
the population of MSCs comprises a doubling rate of at least 
about 16 to 36 hours over the at least 8 passages . In some 
embodiments , the population of MSCs comprises a doubling 

rate of at least about 16 to 36 hours over each of the at least 
8 passages . In some embodiments , the population of MSCs 
comprises a doubling rate of at least about 16 to 36 hours 
over the at least 9 passages . In some embodiments , the 
population of MSCs comprises a doubling rate of at least 
about 16 to 36 hours over each of the at least 9 passages . In 
some embodiments , the population of MSCs comprises a 
doubling rate of at least about 16 to 36 hours over the at least 
10 passages . In some embodiments , the population of MSCs 
comprises a doubling rate of at least about 16 to 36 hours 
over each of the at least 10 passages . In some embodiments , 
the population of MSCs comprises a doubling rate of less 
than about 29 hours . 

[ 0107 ] In some embodiments , the population of MSCs 
comprises at least 90 % CD105 + cells . In some embodi 
ments , the population of human MSCs comprises at least 
90 % CD105 + cells . In some embodiments , the composition 
of MSCs may be comprised of at least 90 % CD105 + cells . 
In some embodiments , the composition of MSCs may be 
comprised of at least about 70 % CD105 + cells to about 
100 % CD105 + cells . In some embodiments , the composition 
of MSCs may be comprised of at least about 100 % CD105 + 
cells to about 95 % CD105 + cells , about 100 % CD105 + cells 
to about 94 % CD105 + cells , about 100 % CD105 + cells to 
about 93 % CD105 + cells , about 100 % CD105 + cells to 
about 92 % CD105 + cells , about 100 % CD105 + cells to 
about 91 % CD105 + cells , about 100 % CD105 + cells to 
about 90 % CD105 + cells , about 100 % CD105 + cells to 
about 85 % CD105 + cells , about 100 % CD105 + cells to 
about 80 % CD105 + ells , about 100 % CD105 + cells to 
about 75 % CD105 + cells , about 100 % CD105 + cells to 
about 70 % CD105 + cells , about 95 % CD105 + cells to about 
94 % CD105 + cells , about 95 % CD105 + cells to about 93 % 
CD105 + cells , about 95 % CD105 + cells to about 92 % 
CD105 + cells , about 95 % CD105 + cells to about 91 % 
CD105 + cells , about 95 % CD105 + cells to about 90 % 
CD105 + cells , about 95 % CD105 + cells to about 85 % 
CD105 + cells , about 95 % CD105 + cells to about 80 % 
CD105 + cells , about 95 % CD105 + cells to about 75 % 
CD105 + cells , about 95 % CD105 + cells to about 70 % 
CD105 + cells , about 94 % CD105 + cells to about 93 % 
CD105 + cells , about 94 % CD105 + cells to about 92 % 
CD105 + cells , about 94 % CD105 + cells to about 91 % 
CD105 + cells , about 94 % CD105 + cells to about 90 % 
CD105 + cells , about 94 % CD105 + cells to about 85 % 
CD105 + cells , about 94 % CD105 + cells to about 80 % 
CD105 + cells , about 94 % CD105 + cells to about 75 % 
CD105 + cells , about 94 % CD105 + cells to about 70 % 
CD105 + cells , about 93 % CD105 + cells to about 92 % 
CD105 + cells , about 93 % CD105 + cells to about 91 % 
CD105 + cells , about 93 % CD105 + cells to about 90 % 
CD105 + cells , about 93 % CD105 + cells to about 85 % 
CD105 + cells , about 93 % CD105 + cells to about 80 % 
CD105 + cells , about 93 % CD105 + cells to about 75 % 
CD105 + cells , about 93 % CD105 + cells to about 70 % 
CD105 + cells , about 92 % CD105 + cells to about 91 % 
CD105 + cells , about 92 % CD105 + cells to about 90 % 
CD105 + cells , about 92 % CD105 + cells to about 85 % 
CD105 + cells , about 92 % CD105 + cells to about 80 % 
CD105 + cells , about 92 % CD105 + cells to about 75 % 
CD105 + cells , about 92 % CD105 + cells to about 70 % 
CD105 + cells , about 91 % CD105 + cells to about 90 % 
CD105 + cells , about 91 % CD105 + cells to about 85 % 
CD105 + cells , about 91 % CD105 + cells to about 80 % 

> 
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CD105 + cells , about 91 % CD105 + cells to about 75 % 
CD105 + cells , about 91 % CD105 + cells to about 70 % 
CD105 + cells , about 90 % CD105 + cells to about 85 % 
CD105 + cells , about 90 % CD105 + cells to about 80 % 
CD105 + cells , about 90 % CD105 + cells to about 75 % 
CD105 + cells , about 90 % CD105 + cells to about 70 % 
CD105 + cells , about 85 % CD105 + cells to about 80 % 
CD105 + cells , about 85 % CD105 + cells to about 75 % 
CD105 + cells , about 85 % CD105 + cells to about 70 % 
CD105 + cells , about 80 % CD105 + cells to about 75 % 
CD105 + cells , about 80 % CD105 + cells to about 70 % 
CD105 + cells , or about 75 % CD105 + cells to about 70 % 
CD105 + cells . In some embodiments , the composition of 
MSCs may be comprised of at least about 100 % CD105 + 
cells , about 95 % CD105 + cells , about 94 % CD105 + cells , 
about 93 % CD105 + cells , about 92 % CD105 + cells , about 
91 % CD105 + cells , about 90 % CD105 + cells , about 85 % 
CD105 + cells , about 80 % CD105 + cells , about 75 % 
CD105 + cells , or about 70 % CD105 + cells . In some embodi 
ments , the composition of MSCs may be comprised of at 
least at least about 100 % CD105 + cells , about 95 % CD105 + 
cells , about 94 % CD105 + cells , about 93 % CD105 + cells , 
about 92 % CD105 + cells , about 91 % CD105 + cells , about 
90 % CD105 + cells , about 85 % CD105 + cells , about 80 % 
CD105 + cells , or about 75 % CD105 + cells . In some embodi 
ments , the composition of MSCs may be comprised of at 
least at most about 95 % CD105 + cells , about 94 % CD105 + 
cells , about 93 % CD105 + cells , about 92 % CD105 + cells , 
about 91 % CD105 + cells , about 90 % CD105 + cells , about 
85 % CD105 + cells , about 80 % CD105 + cells , about 75 % 
CD105 + cells , or about 70 % CD105 + cells . 
[ 0108 ] In some embodiments , the population of MSCs 
comprises at least 90 % CD166 + cells . In some embodi 
ments , the population of MSCs comprises at least 90 % 
CD166 + cells . In some embodiments , the composition of 
MSCs may be comprised of at least 90 % CD166 + cells . In 
some embodiments , the composition of MSCs may be 
comprised of at least about 70 % CD166 + cells to about 
100 % CD166 + cells . In some embodiments , the composition 
of MSCs may be comprised of at least about 100 % CD166 + 
cells to about 95 % CD166 + cells , about 100 % CD166 + cells 
to about 94 % CD166 + cells , about 100 % CD166 + cells to 
about 93 % CD166 + cells , about 100 % CD166 + cells to 
about 92 % CD166 + cells , about 100 % CD166 + cells to 
about 91 % CD166 + cells , about 100 % CD166 + cells to 
about 90 % CD166 + cells , about 100 % CD166 + cells to 
about 85 % CD166 + cells , about 100 % CD166 + cells to 
about 80 % CD166 + cells , about 100 % CD166 + cells to 
about 75 % CD166 + cells , about 100 % CD166 + cells to 
about 70 % CD166 + cells , about 95 % CD166 + cells to about 
94 % CD166 + cells , about 95 % CD166 + cells to about 93 % 
CD166 + cells , about 95 % CD166 + cells to about 92 % 
CD166 + cells , about 95 % CD166 + cells to about 91 % 
CD166 + cells , about 95 % CD166 + cells to about 90 % 
CD166 + cells , about 95 % CD166 + cells to about 85 % 
CD166 + cells , about 95 % CD166 + cells to about 80 % 
CD166 + cells , about 95 % CD166 + cells to about 75 % 
CD166 + cells , about 95 % CD166 + cells to about 70 % 
CD166 + cells , about 94 % CD166 + cells to about 93 % 
CD166 + cells , about 94 % CD166 + cells to about 92 % 
CD166 + cells , about 94 % CD166 + cells to about 91 % 
CD166 + cells , about 94 % CD166 + cells to about 90 % 
CD166 + cells , about 94 % CD166 + cells to about 85 % 
CD166 + cells , about 94 % CD166 + cells to about 80 % 

CD166 + cells , about 94 % CD166 + cells to about 75 % 
CD166 + cells , about 94 % CD166 + cells to about 70 % 
CD166 + cells , about 93 % CD166 + cells to about 92 % 
CD166 + cells , about 93 % CD166 + cells to about 91 % 
CD166 + cells , about 93 % CD166 + cells to about 90 % 
CD166 + cells , about 93 % CD166 + cells to about 85 % 
CD166 + cells , about 93 % CD166 + cells to about 80 % 
CD166 + cells , about 93 % CD166 + cells to about 75 % 
CD166 + cells , about 93 % CD166 + cells to about 70 % 
CD166 + cells , about 92 % CD166 + cells to about 91 % 
CD166 + cells , about 92 % CD166 + cells to about 90 % 
CD166 + cells , about 92 % CD166 + cells to about 85 % 
CD166 + cells , about 92 % CD166 + cells to about 80 % 
CD166 + cells , about 92 % CD166 + cells to about 75 % 
CD166 + cells , about 92 % CD166 + cells to about 70 % 
CD166 + cells , about 91 % CD166 + cells to about 90 % 
CD166 + cells , about 91 % CD166 + cells to about 85 % 
CD166 + cells , about 91 % CD166 + cells to about 80 % 
CD166 + cells , about 91 % CD166 + cells to about 75 % 
CD166 + cells , about 91 % CD166 + cells to about 70 % 
CD166 + cells , about 90 % CD166 + cells to about 85 % 
CD166 + cells , about 90 % CD166 + cells to about 80 % 
CD166 + cells , about 90 % CD166 + cells to about 75 % 
CD166 + cells , about 90 % CD166 + cells to about 70 % 
CD166 + cells , about 85 % CD166 + cells to about 80 % 
CD166 + cells , about 85 % CD166 + cells to about 75 % 
CD166 + cells , about 85 % CD166 + cells to about 70 % 
CD166 + cells , about 80 % CD166 + cells to about 75 % 
CD166 + cells , about 80 % CD166 + cells to about 70 % 
CD166 + cells , or about 75 % CD166 + cells to about 70 % 
CD166 + cells . In some embodiments , the composition of 
MSCs may be comprised of at least about 100 % CD166 + 
cells , about 95 % CD166 + cells , about 94 % CD166 + cells , 
about 93 % CD166 + cells , about 92 % CD166 + cells , about 
91 % CD166 + cells , about 90 % CD166 + cells , about 85 % 
CD166 + cells , about 80 % CD166 + cells , about 75 % 
CD166 + cells , or about 70 % CD166 + cells . In some embodi 
ments , the composition of MSCs may be comprised of at 
least at least about 100 % CD166 + cells , about 95 % CD166 + 
cells , about 94 % CD166 + cells , about 93 % CD166 + cells , 
about 92 % CD166 + cells , about 91 % CD166 + cells , about 
90 % CD166 + cells , about 85 % CD166 + cells , about 80 % 
CD166 + cells , or about 75 % CD166 + cells . In some embodi 
ments , the composition of MSCs may be comprised of at 
least at most about 95 % CD166 + cells , about 94 % CD166 + 
cells , about 93 % CD166 + cells , about 92 % CD166 + cells , 
about 91 % CD166 + cells , about 90 % CD166 + cells , about 
85 % CD166 + cells , about 80 % CD166 + cells , about 75 % 
CD166 + cells , or about 70 % CD166 + cells . 
[ 0109 ] In some embodiments , the population of human 
MSCs comprises at least about 20 % cells in the S phase of 
the cell cycle to about 60 % cells in the S phase of the cell 
cycle . In some embodiments , the population of human 
MSCs comprises at least about 20 % cells in the S phase of 
the cell cycle to about 30 % cells in the S phase of the cell 
cycle , about 20 % cells in the S phase of the cell cycle to 
about 35 % cells in the S phase of the cell cycle , about 20 % 
cells in the S phase of the cell cycle to about 40 % cells in 
the S phase of the cell cycle , about 20 % cells in the S phase 
of the cell cycle to about 45 % cells in the S phase of the cell 
cycle , about 20 % cells in the S phase of the cell cycle to 
about 50 % cells in the S phase of the cell cycle , about 20 % 
cells in the S phase of the cell cycle to about 55 % cells in 
the S phase of the cell cycle , about 20 % cells in the S phase 
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of the cell cycle to about 60 % cells in the S phase of the cell 
cycle , about 30 % cells in the S phase of the cell cycle to 
about 35 % cells in the S phase of the cell cycle , about 30 % 
cells in the S phase of the cell cycle to about 40 % cells in 
the S phase of the cell cycle , about 30 % cells in the S phase 
of the cell cycle to about 45 % cells in the S phase of the cell 
cycle , about 30 % cells in the S phase of the cell cycle to 
about 50 % cells in the S phase of the cell cycle , about 30 % 
cells in the S phase of the cell cycle to about 55 % cells in 
the S phase of the cell cycle , about 30 % cells in the S phase 
of the cell cycle to about 60 % cells in the S phase of the cell 
cycle , about 35 % cells in the S phase of the cell cycle to 
about 40 % cells in the S phase of the cell cycle , about 35 % 
cells in the S phase of the cell cycle to about 45 % cells in 
the S phase of the cell cycle , about 35 % cells in the S phase 
of the cell cycle to about 50 % cells in the S phase of the cell 
cycle , about 35 % cells in the S phase of the cell cycle to 
about 55 % cells in the S phase of the cell cycle , about 35 % 
cells in the S phase of the cell cycle to about 60 % cells in 
the S phase of the cell cycle , about 40 % cells in the S phase 
of the cell cycle to about 45 % cells in the S phase of the cell 
cycle , about 40 % cells in the S phase of the cell cycle to 
about 50 % cells in the S phase of the cell cycle , about 40 % 
cells in the S phase of the cell cycle to about 55 % cells in 
the S phase of the cell cycle , about 40 % cells in the S phase 
of the cell cycle to about 60 % cells in the S phase of the cell 
cycle , about 45 % cells in the S phase of the cell cycle to 
about 50 % cells in the S phase of the cell cycle , about 45 % 
cells in the S phase of the cell cycle to about 55 % cells in 
the S phase of the cell cycle , about 45 % cells in the S phase 
of the cell cycle to about 60 % cells in the S phase of the cell 
cycle , about 50 % cells in the S phase of the cell cycle to 
about 55 % cells in the S phase of the cell cycle , about 50 % 
cells in the S phase of the cell cycle to about 60 % cells in 
the S phase of the cell cycle , or about 55 % cells in the S 
phase of the cell cycle to about 60 % cells in the S phase of 
the cell cycle . In some embodiments , the population of 
human MSCs comprises at least about 20 % cells in the S 
phase of the cell cycle , about 30 % cells in the S phase of the 
cell cycle , about 35 % cells in the S phase of the cell cycle , 
about 40 % cells in the S phase of the cell cycle , about 45 % 
cells in the S phase of the cell cycle , about 50 % cells in the 
S phase of the cell cycle , about 55 % cells in the S phase of 
the cell cycle , or about 60 % cells in the S phase of the cell 
cycle . In some embodiments , the population of human 
MSCs comprises at least at least about 20 % cells in the S 
phase of the cell cycle , about 30 % cells in the S phase of the 
cell cycle , about 35 % cells in the S phase of the cell cycle , 
about 40 % cells in the S phase of the cell cycle , about 45 % 
cells in the S phase of the cell cycle , about 50 % cells in the 
S phase of the cell cycle , or about 55 % cells in the S phase 
of the cell cycle . In some embodiments , the population of 
human MSCs comprises at least at most about 30 % cells in 
the S phase of the cell cycle , about 35 % cells in the S phase 
of the cell cycle , about 40 % cells in the S phase of the cell 
cycle , about 45 % cells in the S phase of the cell cycle , about 
50 % cells in the S phase of the cell cycle , about 55 % cells 
in the S phase of the cell cycle , or about 60 % cells in the S 
phase of the cell cycle . In some embodiments , the popula 
tion of human MSCs comprises at least 40 % cells in the S 
phase of the cell cycle . In some embodiments , the popula 
tion of human MSCs comprises at least 45 % cells in the S 
phase of the cell cycle . In some embodiments , the popula 
tion of human MSCs comprises at least 50 % cells in the S 

phase of the cell cycle . In some embodiments , the popula 
tion of human MSCs comprises at least 55 % cells in the S 
phase of the cell cycle . 
[ 0110 ] In some embodiments , the population of MSCs is 
derived from a bone . In some embodiments , the bone is a 
vertebral body . In some embodiments , the sample of MSCs 
comprises vertebral bone adherent ( VBA ) MSCs . In some 
embodiments , the bone is derived from a cadaver . 
[ 0111 ] In some embodiments , the medical condition is a 
rejection of a vascular composite allotransplant ( VCAs ) of 
an organ to the subject . In some embodiments , the organ is 
limb . In some embodiments , the organ is skin , heart , kidney , 
liver , lung , pancreas , intestine , thymus , or uterus . In some 
embodiments , the medical condition is myocardial infarc 
tion , chronic obstructive pulmonary disease ( COPD ) , acute 
respiratory distress syndrome ( ARDS ) , osteogenesis imper 
fection , cartilage defects , Crohn's disease , fistula , liver 
cirrhosis , osteo arthritis , asthma , or graft vs. host disease 
( GVHD ) . In some embodiments , the medical condition is an 
autoimmune disease . In some embodiments , the autoim 
mune disease is rheumatoid arthritis , lupus , celiac disease , 
multiple sclerosis , polymyalgia rheumatica , ankylosing 
spondylitis , type 1 diabetes , alopecia areata , vasculitis or 
temporal arteritis . 
[ 0112 ] In one aspect of the present disclosure , a method 
and composition are provided for treating a medical condi 
tion of a subject by administering a cell composition com 
prising cadaveric human MSCs . In some embodiments , the 
composition of cadaveric human MSCs provided for treating 
a medical condition may be administered in quantities of 
about 10 million to about 10 billion . In some embodiments , 
cadaveric human MSCs may be administered in quantities of 
about 10 million to about 100 million , about 10 million to 
about 1 billion , about 10 million to about 10 billion , about 
100 million to about 1 billion , about 100 million to about 10 
billion , or about 1 billion to about 10 billion . In some 
embodiments , the cadaveric human MSCs may be admin 
istered in quantities of about 10 million , about 100 million , 
about 1 billion , or about 10 billion . In some embodiments , 
cadaveric human MSCs may be administered in quantities of 
at least about 10 million , about 100 million , or about 1 
billion . In some embodiments , cadaveric human MSCs may 
be administered in quantities of at most about 100 million , 
about 1 billion , or about 10 billion . In some embodiments , 
the cadaveric human MSCs are isolated and processed as 
described herein . 
[ 0113 ] In some embodiments the cell composition may aid 
in producing a state of mixed chimerism . In some embodi 
ments , the administered cell composition within a subject of 
cadaveric human MSCs may generate CD45 - huCD73 + 
huCD90 + cells within said subject . In some embodiments , 
the administered human MSCs may be derived from bone 
marrow , adherent vertebral body MSCs ( VBA - MSCs ) , or 
both . 
[ 0114 ] In some embodiments , the treated medical condi 
tion may be an autoimmune disease such as rheumatoid 
arthritis , lupus , celiac disease , multiple sclerosis , polymyal 
gia rheumatica , ankylosing spondylitis , type 1 diabetes , 
alopecia areata , vasculitis or temporal arteritis . In some 
embodiments , the treated medical condition may be a myo 
cardial infarction . In some embodiments , the treated medical 
condition may be chronic obstructive pulmonary disease 
( COPD ) . In some embodiments , the treated medical condi 
tion may be acute respiratory distress syndrome ( ARDS ) . In 
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some embodiments , the treated medical condition may be 
arthritis . In some embodiments , the treated medical condi 
tion is osteogenesis imperfection , cartilage defects , Crohn's 
disease , fistula , liver cirrhosis , osteo arthritis , asthma , or 
graft vs. host disease ( GVHD ) . 
[ 0115 ] In another aspect of the present disclosure , a 
method and composition are provided for treating a medical 
condition by administering a composition of at least 10 
million cadaveric human MSCs and at least 500,000 nucle 
ated BM cells or derivatives thereof . In some embodiments , 
prior to administering a composition of cadaveric human 
MSCs and nucleated BM cells or derivates thereof , an organ 
may be transplanted into a subject suffering from a medical 
condition . In some embodiments , the cadaveric human 
MSCs and nucleated BM cells or derivatives thereof admin 
istered prior to transplanting the organ into a subject may 
comprise a mis - matched HLA haploid type as the trans 
planted human organ . In some embodiments , rapamycin 
may be administered prior to transplanting the human organ 
into the subject for between about 0 days to about 21 days 
from the day of human organ transplantation . In some 
embodiments , 0.1mg / kg to about 1mg / kg of rapamycin may 
be administered to a subject prior to transplanting the human 
organ into the subject . In some embodiments , CTLA4 - Ig 
may be administered prior to transplanting the organ into the 
subject . In some embodiments , CTLA4 - Ig may be admin 
istered about 2 days to about 6 days after transplanting the 
human organ . In some embodiments , CTLA4 - Ig may be 
administered about 2 days to about 3 days , about 2 days to 
about 4 days , about 2 days to about 5 days , about 2 days to 
about 6 days , about 3 days to about 4 days , about 3 days to 
about 5 days , about 3 days to about 6 days , about 4 days to 
about 5 days , about 4 days to about 6 days , or about 5 days 
to about 6 days after transplanting the human organ . In some 
embodiments , CTLA4 - Ig may be administered about 2 days , 
about 3 days , about 4 days , about 5 days , about 6 days or any 
combination thereof after transplanting the human organ . In 
some embodiments , CTLA4 - Ig may be administered at least 
about 2 days , about 3 days , about 4 days , or about 5 days 
after transplanting the human organ . In some embodiments , 
CTLA4 - Ig may be administered at most about 3 days , about 
4 days , about 5 days , or about 6 days after transplanting the 

cells of a particular HLA haploid specific to the subject . In 
some embodiments , the hematopoietic cells generated in the 
subject following administration of cadaveric human MSCs 
and nucleated BM cells or derivatives thereof are CD45 + 
cells . In some embodiments , the method of administrating a 
composition of cadaveric human MSCs and nucleated BM 
cells or derivatives thereof may generate CD45 + H2d + cells 
in a background of CD45 + H2b + cells . In some embodi 
ments , the method of administrating a composition of cadav 
eric human MSCs and nucleated BM cells or derivatives 
thereof may generate CD45 - huCD73 + huCD90 + cells . In 
some embodiments , the method of administrating a compo 
sition of cadaveric human MSCs and nucleated BM cells or 
derivatives thereof may generate a mixed chimerism within 
the subject . In some embodiments , the generated mixed 
chimerism within the subject may be maintained for at least 
120 days from administration of the nucleated BM cells . In 
some embodiments , the generated mixed chimerism within 
the subject may be maintained for about 1 month to about 12 
months . In some embodiments , the generated mixed chime 
rism within the subject may be maintained for about 1 month 
to about 2 months , about 1 month to about 3 months , about 
1 month to about 4 months , about 1 month to about 5 
months , about 1 month to about 6 months , about 1 month to 
about 7 months , about 1 month to about 8 months , about 1 
month to about 9 months , about 1 month to about 10 months , 
about 1 month to about 11 months , about 1 month to about 
12 months , about 2 months to about 3 months , about 2 
months to about 4 months , about 2 months to about 5 
nonths , about 2 months about 6 months , about 2 months 

to about 7 months , about 2 months to about 8 months , about 
2 months to about 9 months , about 2 months to about 10 
months , about 2 months to about 11 months , about 2 months 
to about 12 months , about 3 months to about 4 months , about 
3 months to about 5 months , about 3 months to about 6 
months , about 3 months to about 7 months , about 3 months 
to about 8 months , about 3 months to about 9 months , about 
3 months to about 10 months , about 3 months to about 11 
months , about 3 months to about 12 months , about 4 months 
to about 5 months , about 4 months to about 6 months , about 
4 months to about 7 months , about 4 months to about 8 
months , about 4 months to about 9 months , about 4 months 
to about 10 months , about 4 months to about 11 months , 
about 4 months to about 12 months , about 5 months to about 
6 months , about 5 months to about 7 months , about 5 months 
to about 8 months , about 5 months to about 9 months , about 
5 months to about 10 months , about 5 months to about 11 
months , about 5 months to about 12 months , about 6 months 
to about 7 months , about 6 months to about 8 months , about 
6 months to about 9 months , about 6 months to about 10 
months , about 6 months to about 11 months , about 6 months 
to about 12 months , about 7 months to about 8 months , about 
7 months to about 9 months , about 7 months to about 10 
months , about 7 months to about 11 months , about 7 months 
to about 12 months , about 8 months to about 9 months , about 
8 months to about 10 months , about 8 months to about 11 
months , about 8 months to about 12 months , about 9 months 
to about 10 months , about 9 months to about 11 months , 
about 9 months to about 12 months , about 10 months to 
about 11 months , about 10 months to about 12 months , or 
about 11 months to about 12 months . In some embodiments , 
the generated mixed chimerism within the subject may be 
maintained for about 1 month , about 2 months , about 3 
months , about 4 months , about 5 months , about 6 months , 

human organ . 
[ 0116 ] In some embodiments , the method of administrat 
ing a composition of cadaveric human MSCs and nucleated 
BM cells or derivatives thereof into a subject may result in 
successful engraftment of at least a subset of the nucleated 
BM cells within the subject . In some embodiments , the 
method of administrating a composition of cadaveric human 
MSCs and nucleated BM cells or derivatives thereof into a 
subject may result in successful engraftment of an organ 
transplant within the subject . In some embodiments , the 
method of administrating a composition of cadaveric human 
MSCs and nucleated BM cells or derivatives thereof into a 
subject may generate hematopoietic cells of a particular 
HLA haploid in a background of hematopoietic cells of 
another particular HLA haploid wherein the another particu 
lar HLA haploid is mis - matched with the former HLA 
haploid . In some embodiments , the method of administrat 
ing a composition of cadaveric human MSCs and nucleated 
BM cells or derivatives thereof into a subject may generate 
hematopoietic cells of a particular HLA haploid specific to 
the donor of the cadaveric human MSCs and nucleated BM 
cells or derivatives thereof in a background of hematopoietic 
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about 7 months , about 8 months , about 9 months , about 10 
months , about 11 months , or about 12 months . In some 
embodiments , the generated mixed chimerism within the 
subject may be maintained for at least about 1 month , about 
2 months , about 3 months , about 4 months , about 5 months , 
about 6 months , about 7 months , about 8 months , about 9 
months , about 10 months , or about 11 months . In some 
embodiments , the generated mixed chimerism within the 
subject may be maintained for at most about 2 months , about 
3 months , about 4 months , about 5 months , about 6 months , 
about 7 months , about 8 months , about 9 months , about 10 
months , about 11 months , or about 12 months . 
[ 0117 ] In some embodiments , the generated mixed chime 
rism within the subject may be maintained for about 1 year 
to about 10 years . In some embodiments , the generated 
mixed chimerism within the subject may be maintained for 
about 1 year to about 2 years , about 1 year to about 3 years , 
about 1 year to about 4 years , about 1 year to about 5 years , 
about 1 year to about 6 years , about 1 year to about 7 years , 
about 1 year to about 8 years , about 1 year to about 9 years , 
about 1 year to about 10 years , about 2 years to about 3 
years , about 2 years to about 4 years , about 2 years to about 
5 years , about 2 years to about 6 years , about 2 years to about 
7 years , about 2 years to about 8 years , about 2 years to about 
9 years , about 2 years to about 10 years , about 3 years to 
about 4 years , about 3 years to about 5 years , about 3 years 
to about 6 years , about 3 years to about 7 years , about 3 years 
to about 8 years , about 3 years to about 9 years , about 3 years 
to about 10 years , about 4 years to about 5 years , about 4 
years to about 6 years , about 4 years to about 7 years , about 
4 years to about 8 years , about 4 years to about 9 years , about 
4 years to about 10 years , about 5 years to about 6 years , 
about 5 years to about 7 years , about 5 years to about 8 years , 
about 5 years to about 9 years , about 5 years to about 10 
years , about 6 years to about 7 years , about 6 years to about 
8 years , about 6 years to about 9 years , about 6 years to about 
10 years , about 7 years to about 8 years , about 7 years to 
about 9 years , about 7 years to about 10 years , about 8 years 
to about 9 years , about 8 years to about 10 years , or about 
9 years to about 10 years . In some embodiments , the 
generated mixed chimerism within the subject may be 
maintained for about 1 year , about 2 years , about 3 years , 
about 4 years , about 5 years , about 6 years , about 7 years , 
about 8 years , about 9 years , or about 10 years . In some 
embodiments , the generated mixed chimerism within the 
subject may be maintained for at least about 1 year , about 2 
years , about 3 years , about 4 years , about 5 years , about 6 
years , about 7 years , about 8 years , or about 9 years . In some 
embodiments , the generated mixed chimerism within the 
subject may be maintained for at most about 2 years , about 
3 years , about 4 years , about 5 years , about 6 years , about 7 
years , about 8 years , about 9 years , or about 10 years . 
[ 0118 ] In some embodiments , the method of first admin 
istrating a composition of cadaveric human MSCs and 
nucleated BM cells or derivatives thereof may further com 
prise a second administration of at least 10 million human 
MSCs to the subject in need thereof 1 day , 2 days , 3 days , 
4 days , or any combination thereof after the first adminis 
tration . 
[ 0119 ] In some embodiments , the treated medical condi 
tion may be an immune response . In some embodiments , the 
treated medical condition may be an autoimmune disease . In 
some embodiments , the autoimmune disease may be graft 
verses host disease ( GVHD ) . 

[ 0120 ] In some embodiments , the composition of cadav 
eric human MSCs and nucleated BM cells or derivatives 
thereof may include cadaveric human MSCs derived from 
BM , adherent vertebral body MSCs ( VBA - MSCs ) , or both . 
In some embodiments , the composition of cadaveric human 
MSCs and nucleated BM cells or derivatives thereof may 
include MSCs in quantities of about 10 million to about 10 
billion . In some embodiments , the composition of cadaveric 
human MSCs and nucleated BM cells or derivatives thereof 
may include MSCs in quantities of about 10 million to about 
100 million , about 10 million to about 1 billion , about 10 
million to about 10 billion , about 100 million to about 1 
billion , about 100 million to about 10 billion , or about 1 
billion to about 10 billion . In some embodiments , the 
composition of cadaveric human MSCs and nucleated BM 
cells or derivatives thereof may include MSCs in quantities 
of about 10 million , about 100 million , about 1 billion , or 
about 10 billion . In some embodiments , the composition of 
cadaveric human MSCs and nucleated BM cells or deriva 
tives thereof may include MSCs in quantities of at least 
about 10 million , about 100 million , or about 1 billion . 
[ 0121 ] In some embodiments , the composition of cadav 
eric human MSCs and nucleated BM cells or derivatives 
thereof may include nucleated BM in quantities about 1 
million to about 2 million . In some embodiments , the 
composition of cadaveric human MSCs and nucleated BM 
cells or derivatives thereof may include nucleated BM in 
quantities about 1 million to about 1.5 million , about 1 
million to about 2 million , or about 1.5 million to about 2 
million . In some embodiments , the composition of cadaveric 
human MSCs and nucleated BM cells or derivatives thereof 
may include nucleated BM in quantities about 1 million , 
about 1.5 million , or about 2 million . In some embodiments , 
the composition of cadaveric human MSCs and nucleated 
BM cells or derivatives thereof may include nucleated BM 
in quantities at least about 1 million , or about 1.5 million . In 
some embodiments , the composition of cadaveric human 
MSCs and nucleated BM cells or derivatives thereof may 
include nucleated BM in quantities at most about 1.5 mil 
lion , or about 2 million . 
[ 0122 ] In some embodiments , the human cadaveric MSCs 
( e.g. VBA - MSCs ) may be derived from the same origin as 
the nucleated BM cells . In some embodiments , the human 
cadaveric MSCs may be derived from a different origin as 
the nucleated BM cells . In some embodiments , the compo 
sition may further comprise a human organ . In some 
embodiments , the human organ may be a heart , kidney , liver , 
lung , pancreases , intestine , thymus , or uterus . In some 
embodiments , the composition comprised of cadaveric 
human MSCs and nucleated BM cells or derivative thereof 
may include MSCs with a matched human leukocyte antigen 
( HLA ) haploid type as the human organ . In some embodi 
ments , the composition comprised of cadaveric human 
MSCs and nucleated BM cells or derivative thereof may 
include MSCs with mis - matched HLA haploid type as the 
human organ . In some embodiments , the composition com 
prised of cadaveric human MSCs and nucleated BM cells or 
derivative thereof may include MSCs and nucleated BM 
cells or derivatives thereof with a mis - matched HLA haploid 
type as the human organ . In some embodiments , the com 
position comprised of cadaveric human MSCs and nucleated 
BM cells or derivative thereof may include MSCs and 
nucleated BM cells or derivatives thereof with a matched 
HLA haploid type as the human organ . 

a 
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[ 0123 ] In some embodiments , the nucleated BM cells or 
derivatives thereof may comprise hematopoietic stem cells 
( HSC ) . In some embodiments , the cadaveric human MSCs 
may comprise a mis - matched HLA haploid type as the 
nucleated BM cells or derivatives thereof . 

Compositions of MSCs and BM for Treating Medical 
Conditions 

cells . In some embodiments , the compositions described 
herein comprise at least at least about 500,000 nucleated BM 
cells , about 1,000,000 nucleated BM cells , or about 1,500 , 
000 nucleated BM cells . In some embodiments , the com 
positions described herein comprise at least at most about 
1,000,000 nucleated BM cells , about 1,500,000 nucleated 
BM cells , or about 2,000,000 nucleated BM cells . 
[ 0127 ] In some embodiments , the compositions described 
herein comprise both VBA - MSCs and nucleated BM cells . 
In some embodiments , the vBA - MSCs and nucleated BM 
cells of a single composition are derived from a single donor . 
In some embodiments , the compositions described herein 
are administered to a subject who is preparing to undergo , is 
undergoing , or has undergone , an organ transplant . In some 
embodiments , the VBA - MSCs and nucleated BM cells of a 
single composition comprise human leukocyte antigen 
( HLA ) haploid matched to the organ transplanted into the 
subject . In some embodiments , the VBA - MSCs and nucle 
ated BM cells of a single composition comprise human 
leukocyte antigen ( HLA ) haploid mis - matched to the organ 
transplanted into the subject . 
[ 0128 ] In some embodiments , the nucleated bone marrow 
cells or derivatives thereof comprise hematopoietic stem 
cells ( HSCs ) . In some embodiments , the HSCs comprise 
CD34 + cells . 

[ 0124 ] Another aspect of the present disclosure comprises 
compositions comprising one or more of the cell types 
described herein . 
[ 0125 ] In some embodiments , described herein is a com 
position comprising VBA - MSCs . In some embodiments , the 
VBA - MSCs are cadaveric . In some embodiments , the vBA 
MSCs are isolated and processed as described herein . In 
some embodiments , the compositions described herein com 
prise at least about 500,000 VBA - MSCs to about 1,000,000 , 
000 VBA - MSCs . In some embodiments , the compositions 
described herein comprise at least about 500,000 VBA 
MSCs to about 1,000,000 VBA - MSCs , about 500,000 VBA 
MSCs to about 10,000,000 VBA - MSCs , about 500,000 
VBA - MSCs to about 100,000,000 VBA - MSCs , about 500 , 
000 VBA - MSCs to about 1,000,000,000 VBA - MSCs , about 
1,000,000 VBA - MSCs to about 10,000,000 VBA - MSCs , 
about 1,000,000 VBA - MSCs to about 100,000,000 VBA 
MSCs , about 1,000,000 VBA - MSCs to about 1,000,000,000 
VBA - MSCs , about 10,000,000 VBA - MSCs to about 100 , 
000,000 VBA - MSCs , about 10,000,000 VBA - MSCs to about 
1,000,000,000 VBA - MSCs , or about 100,000,000 VBA 
MSCs to about 1,000,000,000 VBA - MSCs . In some embodi 
ments , the compositions described herein comprise at least 
about 500,000 VBA - MSCs , about 1,000,000 VBA - MSCs , 
about 10,000,000 VBA - MSCs , about 100,000,000 VBA 
MSCs , or about 1,000,000,000 VBA - MSCs . In some 
embodiments , the compositions described herein comprise 
at least at least about 500,000 VBA - MSCs , about 1,000,000 
VBA - MSCs , about 10,000,000 VBA - MSCs , or about 100 , 
000,000 VBA - MSCs . In some embodiments , the composi 
tions described herein comprise at least at most about 
1,000,000 VBA - MSCs , ab 10,000,000 VBA - MSCs , about 
100,000,000 VBA - MSCs , or about 1,000,000,000 VBA 
MSCs . In some embodiments , the compositions described 
herein comprise VBA - MSCs and bone marrow - derived 
MSCs . 
[ 0126 ] In some embodiments , described herein is a com 
position comprising Nucleated BM cells . In some embodi 
ments , the nucleated BM cells are cadaveric . In some 
embodiments , the nucleated BM cells are isolated and 
processed as described herein . In some embodiments , the 
compositions described herein comprise at least about 500 , 
000 nucleated BM cells to about 2,000,000 nucleated BM 
cells . In some embodiments , the compositions described 
herein comprise at least about 500,000 nucleated BM cells 
to about 1,000,000 nucleated BM cells , about 500,000 
nucleated BM cells to about 1,500,000 nucleated BM cells , 
about 500,000 nucleated BM cells to about 2,000,000 nucle 
ated BM cells , about 1,000,000 nucleated BM cells to about 
1,500,000 nucleated BM cells , about 1,000,000 nucleated 
BM cells to about 2,000,000 nucleated BM cells , or about 
1,500,000 nucleated BM cells to about 2,000,000 nucleated 
BM cells . In some embodiments , the compositions 
described herein comprise at least about 500,000 nucleated 
BM cells , about 1,000,000 nucleated BM cells , about 1,500 , 
000 nucleated BM cells , or about 2,000,000 nucleated BM 

Culturing of MSCs 
[ 0129 ] In one aspect of the present disclosure , extracted 
MSCs may be ( e.g. VBA - MSCs ) cultured and passaged to 
realize clinical scale MSC preparation having a desired 
number of MSCs with the antigen profiles taught herein . In 
some embodiments , a clinical scale preparation may be 
obtained by serial passage expansion where each passage 
includes a step of splitting the previous culture into a 
plurality of cultures at a given ratio . Each passaging step 
increases the number of concurrent cultures in the prepara 
tion . In some embodiments , clinical scale preparations hav 
ing the instant preparation profiles , e.g. antigen profile , 
TNFRI profile , cryopreservation profile , differentiation pro 
file , and / or sterility ( with respect to pathogens ) are success 
fully produced . 
[ 0130 ] In some embodiments , extracted MSCs are cul 
tured in a medium wherein the medium is configured to 
generate MSCs having the instant preparation profiles , e.g. 
antigen profile , TNFRI profile , cryopreservation profile , 
differentiation profile , and / or sterility ( with respect to patho 
gens ) . In some embodiments , the medium comprises mini 
mal essential medium ( MEM ) . In some embodiments , the 
medium comprises alpha MEM . In some embodiments , the 
medium comprises human platelet lysate ( HPL ) . In some 
embodiments , the medium comprises carrier free fibroblast 
growth factor ( FGF ) . In some embodiments , the medium 
comprises carrier free epidermal growth factor ( EGF ) . In 
some embodiments , the medium comprises alpha MEM , 
hPL , FGF , EGF , or any combination thereof . In some 
embodiments , the medium comprises alpha MEM , HPL , 
FGF , and EGF . In some embodiments , the medium does not 
further require heparin . 
[ 0131 ] In some embodiments , hPL is present in the 
medium at about 1 % to about 21 % . In some embodiments , 
hPL is present in the medium at about 1 % to about 3 % , about 
1 % to about 5 % , about 1 % to about 7 % , about 1 % to about 
9 % , about 1 % to about 10 % , about 1 % to about 11 % , about 
1 % to about 13 % , about 1 % to about 15 % , about 1 % to about 
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17 % , about 1 % to about 19 % , about 1 % to about 21 % , about 
3 % to about 5 % , about 3 % to about 7 % , about 3 % to about 
9 % , about 3 % to about 10 % , about 3 % to about 11 % , about 
3 % to about 13 % , about 3 % to about 15 % , about 3 % to about 
17 % , about 3 % to about 19 % , about 3 % to about 21 % , about 
5 % to about 7 % , about 5 % to about 9 % , about 5 % to about 
10 % , about 5 % to about 11 % , about 5 % to about 13 % , about 
5 % to about 15 % , about 5 % to about 17 % , about 5 % to about 
19 % , about 5 % to about 21 % , about 7 % to about 9 % , about 
7 % to about 10 % , about 7 % to about 11 % , about 7 % to about 
13 % , about 7 % to about 15 % , about 7 % to about 17 % , about 
7 % to about 19 % , about 7 % to about 21 % , about 9 % to about 
10 % , about 9 % to about 11 % , about 9 % to about 13 % , about 
9 % to about 15 % , about 9 % to about 17 % , about 9 % to about 
19 % , about 9 % to about 21 % , about 10 % to about 11 % , 
about 10 % to about 13 % , about 10 % to about 15 % , about 
10 % to about 17 % , about 10 % to about 19 % , about 10 % to 
about 21 % , about 11 % to about 13 % , about 11 % to about 
15 % , about 11 % to about 17 % , about 11 % to about 19 % , 
about 11 % to about 21 % , about 13 % to about 15 % , about 
13 % to about 17 % , about 13 % to about 19 % , about 13 % to 
about 21 % , about 15 % to about 17 % , about 15 % to about 
19 % , about 15 % to about 21 % , about 17 % to about 19 % , 
about 17 % to about 21 % , or about 19 % to about 21 % . In 
some embodiments , hPL is present in the medium at about 
1 % , about 3 % , about 5 % , about 7 % , about 9 % , about 10 % , 
about 11 % , about 13 % , about 15 % , about 17 % , about 19 % , 
or about 21 % . In some embodiments , hPL is present in the 
medium at least about 1 % , about 3 % , about 5 % , about 7 % , 
about 9 % , about 10 % , about 11 % , about 13 % , about 15 % , 
about 17 % , or about 19 % . In some embodiments , hPL is 
present in the medium at most about 3 % , about 5 % , about 
7 % , about 9 % , about 10 % , about 11 % , about 13 % , about 
15 % , about 17 % , about 19 % , or about 21 % . In some embodi 
ments , FGF is present in the medium at about 0.5 ng / mL to 
about 5 ng / mL . In some embodiments , FGF is present in the 
medium at about 0.5 ng / mL to about 1 ng / mL , about 0.5 
ng / mL to about 1.5 ng / mL , about 0.5 ng / mL to about 2 
ng / mL , about 0.5 ng / mL to about 2.5 ng / mL , about 0.5 
ng / mL to about 3 ng / mL , about 0.5 ng / mL to about 3.5 
ng / mL , about 0.5 ng / mL to about 4 ng / mL , about 0.5 ng / mL 
to about 4.5 ng / mL , about 0.5 ng / mL to about 5 ng / mL , 
about 1 ng / mL to about 1.5 ng / mL , about 1 ng / mL to about 
2 ng / mL , about 1 ng / mL to about 2.5 ng / mL , about 1 ng / mL 
to about 3 ng / mL , about 1 ng / mL to about 3.5 ng / mL , about 
1 ng / mL to about 4 ng / mL , about 1 ng / mL to about 4.5 
ng / mL , about 1 ng / mL to about 5 ng / mL , about 1.5 ng / mL 
to about 2 ng / mL , about 1.5 ng / mL to about 2.5 ng / mL , 
about 1.5 ng / mL to about 3 ng / mL , about 1.5 ng / mL to about 
3.5 ng / mL , about 1.5 ng / mL to about 4 ng / mL , about 1.5 
ng / mL to about 4.5 ng / mL , about 1.5 ng / mL to about 5 
ng / mL , about 2 ng / mL to about 2.5 ng / mL , about 2 ng / mL 
to about 3 ng / mL , about 2 ng / mL to about 3.5 ng / mL , about 
2 ng / mL to about 4 ng / mL , about 2 ng / mL to about 4.5 
ng / mL , about 2 ng / mL to about 5 ng / mL , about 2.5 ng / mL 
to about 3 ng / mL , about 2.5 ng / mL to about 3.5 ng / mL , 
about 2.5 ng / mL to about 4 ng / mL , about 2.5 ng / mL to about 
4.5 ng / mL , about 2.5 ng / mL to about 5 ng / mL , about 3 
ng / mL to about 3.5 ng / mL , about 3 ng / mL to about 4 ng / mL , 
about 3 ng / mL to about 4.5 ng / mL , about 3 ng / mL to about 
5 ng / mL , about 3.5 ng / mL to about 4 ng / mL , about 3.5 
ng / mL to about 4.5 ng / mL , about 3.5 ng / mL to about 5 
ng / mL , about 4 ng / mL to about 4.5 ng / mL , about 4 ng / mL 
to about 5 ng / mL , or about 4.5 ng / mL to about 5 ng / mL . In 

some embodiments , FGF is present in the medium at about 
0.5 ng / mL , about 1 ng / mL , about 1.5 ng / mL , about 2 ng / mL , 
about 2.5 ng / mL , about 3 ng / mL , about 3.5 ng / mL , about 4 
ng / mL , about 4.5 ng / mL , or about 5 ng / mL . In some 
embodiments , FGF is present in the medium at least about 
0.5 ng / mL , about 1 ng / mL , about 1.5 ng / mL , about 2 ng / mL , 
about 2.5 ng / mL , about 3 ng / mL , about 3.5 ng / mL , about 4 
ng / mL , or about 4.5 ng / mL . In some embodiments , FGF is 
present in the medium at most about 1 ng / mL , about 1.5 
ng / mL , about 2 ng / mL , about 2.5 ng / mL , about 3 ng / mL , 
about 3.5 ng / mL , about 4 ng / mL , about 4.5 ng / mL , or about 
5 ng / mL . 
[ 0132 ] In some embodiments , EGF is present in the 
medium at about 0.5 ng / mL to about 5 ng / mL . In some 
embodiments , EGF is present in the medium at about 0.5 
ng / mL to about 1 ng / mL , about 0.5 ng / mL to about 1.5 
ng / mL , about 0.5 ng / mL to about 2 ng / mL , about 0.5 ng / mL 
to about 2.5 ng / mL , about 0.5 ng / mL to about 3 ng / mL , 
about 0.5 ng / mL to about 3.5 ng / mL , about 0.5 ng / mL to 
about 4 ng / mL , about 0.5 ng / mL to about 4.5 ng / mL , about 
0.5 ng / mL to about 5 ng / mL , about 1 ng / mL to about 1.5 
ng / mL , about 1 ng / mL to about 2 ng / mL , about 1 ng / mL to 
about 2.5 ng / mL , about 1 ng / mL to about 3 ng / mL , about 1 
ng / mL to about 3.5 ng / mL , about 1 ng / mL to about 4 ng / mL , 
about 1 ng / mL to about 4.5 ng / mL , about 1 ng / mL to about 
5 ng / mL , about 1.5 ng / mL to about 2 ng / mL , about 1.5 
ng / mL to about 2.5 ng / mL , about 1.5 ng / mL to about 3 
ng / mL , about 1.5 ng / mL to about 3.5 ng / mL , about 1.5 
ng / mL to about 4 ng / mL , about 1.5 ng / mL to about 4.5 
ng / mL , about 1.5 ng / mL to about 5 ng / mL , about 2 ng / mL 
to about 2.5 ng / mL , about 2 ng / mL to about 3 ng / mL , about 
2 ng / mL to about 3.5 ng / mL , about 2 ng / mL to about 4 
ng / mL , about 2 ng / mL to about 4.5 ng / mL , about 2 ng / mL 
to about 5 ng / mL , about 2.5 ng / mL to about 3 ng / mL , about 
2.5 ng / mL to about 3.5 ng / mL , about 2.5 ng / mL to about 4 
ng / mL , about 2.5 ng / mL to about 4.5 ng / mL , about 2.5 
ng / mL to about 5 ng / mL , about 3 ng / mL to about 3.5 ng / mL , 
about 3 ng / mL to about 4 ng / mL , about 3 ng / mL to about 4.5 
ng / mL , about 3 ng / mL to about 5 ng / mL , about 3.5 ng / mL 
to about 4 ng / mL , about 3.5 ng / mL to about 4.5 ng / mL , 
about 3.5 ng / mL to about 5 ng / mL , about 4 ng / mL to about 
4.5 ng / mL , about 4 ng / mL to about 5 ng / mL , or about 4.5 
ng / mL to about 5 ng / mL . In some embodiments , EGF is 
present in the medium at about 0.5 ng / mL , about 1 ng / mL , 
about 1.5 ng / mL , about 2 ng / mL , about 2.5 ng / mL , about 3 
ng / mL , about 3.5 ng / mL , about 4 ng / mL , about 4.5 ng / mL , 
or about 5 ng / mL . In some embodiments , EGF is present in 
the medium at least about 0.5 ng / mL , about 1 ng / mL , about 
1.5 ng / mL , about 2 ng / mL , about 2.5 ng / mL , about 3 ng / mL , 
about 3.5 ng / mL , about 4 ng / mL , or about 4.5 ng / mL . In 
some embodiments , EGF is present in the medium at most 
about 1 ng / mL , about 1.5 ng / mL , about 2 ng / mL , about 2.5 
ng / mL , about 3 ng / mL , about 3.5 ng / mL , about 4 ng / mL , 
about 4.5 ng / mL , or about 5 ng / mL . 
[ 0133 ] In some embodiments , the medium comprises a 
modified alpha MEM . In some embodiments , the modified 
alpha MEM comprises one or more inorganic salts , one or 
more amino acids , one or more vitamins , glucose , lipoic 
acid , sodium bicarbonate , sodium pyruvate , or any combi 
nation thereof . 
[ 0134 ] In some embodiments , the one or more inorganic 
salts comprise calcium chloride ( dihydrate ) , magnesium 
sulfate ( heptahydrate ) , potassium chloride , sodium chloride , 
sodium phosphate monobasic ( dehydrate ) , or any combina 
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tion thereof . In some embodiments , each inorganic salt 
present in the medium is present at about 100 mg / Liter to 
about 800 mg / Liter . In some embodiments , each inorganic 
salt present in the medium is present at about 100 mg / Liter 
to about 200 mg / Liter , about 100 mg / Liter to about 300 
mg / Liter , about 100 mg / Liter to about 400 mg / Liter , about 
100 mg / Liter to about 500 mg / Liter , about 100 mg / Liter to 
about 600 mg / Liter , about 100 mg / Liter to about 700 mg / Li 
ter , about 100 mg / Liter to about 800 mg / Liter , about 200 
mg / Liter to about 300 mg / Liter , about 200 mg / Liter to about 
400 mg / Liter , about 200 mg / Liter to about 500 mg / Liter , 
about 200 mg / Liter to about 600 mg / Liter , about 200 mg / Li 
ter to about 700 mg / Liter , about 200 mg / Liter to about 800 
mg / Liter , about 300 mg / Liter to about 400 mg / Liter , about 
300 mg / Liter to about 500 mg / Liter , about 300 mg / Liter to 
about 600 mg / Liter , about 300 mg / Liter to about 700 mg / Li 
ter , about 300 mg / Liter to about 800 mg / Liter , about 400 
mg / Liter to about 500 mg / Liter , about 400 mg / Liter to about 
600 mg / Liter , about 400 mg / Liter to about 700 mg / Liter , 
about 400 mg / Liter to about 800 mg / Liter , about 500 mg / Li 
ter to about 600 mg / Liter , about 500 mg / Liter to about 700 
mg / Liter , about 500 mg / Liter to about 800 mg / Liter , about 
600 mg / Liter to about 700 mg / Liter , about 600 mg / Liter to 
about 800 mg / Liter , or about 700 mg / Liter to about 800 
mg / Liter . In some embodiments , each inorganic salt present 
in the medium is present at about 100 mg / Liter , about 200 
mg / Liter , about 300 mg / Liter , about 400 mg / Liter , about 500 
mg / Liter , about 600 mg / Liter , about 700 mg / Liter , or about 
800 mg / Liter . In some embodiments , each inorganic salt 
present in the medium is present at least about 100 mg / Liter , 
about 200 mg / Liter , about 300 mg / Liter , about 400 mg / Liter , 
about 500 mg / Liter , about 600 mg / Liter , or about 700 
mg / Liter . In some embodiments , each inorganic salt present 
in the medium is present at most about 200 mg / Liter , about 
300 mg / Liter , about 400 mg / Liter , about 500 mg / Liter , about 
600 mg / Liter , about 700 mg / Liter , or about 800 mg / Liter . 
[ 0135 ] In some embodiments , the one or more amino acids 
comprise glycine , alanine , alanyl - glutamine , arginine ( HCI ) , 
asparagine ( monohydrate ) , aspartic acid , cysteine ( HCI ) 
( monohydrate ) , cystine , glutamic acid , histidine , isoleucine , 
leucine , lysine , methionine , phenylalanine , proline , serine , 
threonine , tryptophan , tyrosine , valine , or any combination 
thereof . In some embodiments , the one or more amino acids 
are present in the L isoform . In some embodiments , the one 
or more amino acids are present in the D isoform . In some 
embodiments , the one or more amino acids are present in 
both isoforms . In some embodiments , each amino acid 
present in the medium is present at about 10 ng / Liter to 
about 100 mg / Liter . In some embodiments , each amino acid 
present in the medium is present at about 10 mg / Liter to 
about 20 mg / Liter , about 10 mg / Liter to about 30 mg / Liter , 
about 10 mg / Liter to about 40 mg / Liter , about 10 mg / Liter 
to about 50 mg / Liter , about 10 mg / Liter to about 60 mg / Li 
ter , about 10 mg / Liter to about 70 mg / Liter , about 10 
mg / Liter to about 80 mg / Liter , about 10 mg / Liter to about 90 
mg / Liter , about 10 mg / Liter to about 100 mg / Liter , about 20 
mg / Liter to about 30 mg / Liter , about 20 mg / Liter to about 40 
mg / Liter , about 20 mg / Liter to about 50 mg / Liter , about 20 
mg / Liter to about 60 mg / Liter , about 20 mg / Liter to about 70 
mg / Liter , about 20 mg / Liter to about 80 mg / Liter , about 20 
mg / Liter to about 90 mg / Liter , about 20 mg / Liter to about 
100 mg / Liter , about 30 mg / Liter to about 40 mg / Liter , about 
30 mg / Liter to about 50 mg / Liter , about 30 mg / Liter to about 
60 mg / Liter , about 30 mg / Liter to about 70 mg / Liter , about 

30 mg / Liter to about 80 mg / Liter , about 30 mg / Liter to about 
90 mg / Liter , about 30 mg / Liter to about 100 mg / Liter , about 
40 mg / Liter to about 50 mg / Liter , about 40 mg / Liter to about 
60 mg / Liter , about 40 mg / Liter to about 70 mg / Liter , about 
40 mg / Liter to about 80 mg / Liter , about 40 mg / Liter to about 
90 mg / Liter , about 40 mg / Liter to about 100 mg / Liter , about 
50 mg / Liter to about 60 mg / Liter , about 50 mg / Liter to about 
70 mg / Liter , about 50 mg / Liter to about 80 mg / Liter , about 
50 mg / Liter to about 90 mg / Liter , about 50 mg / Liter to about 
100 mg / Liter , about 60 mg / Liter to about 70 mg / Liter , about 
60 mg / Liter to about 80 mg / Liter , about 60 mg / Liter to about 
90 mg / Liter , about 60 mg / Liter to about 100 mg / Liter , about 
70 mg / Liter to about 80 mg / Liter , about 70 mg / Liter to about 
90 mg / Liter , about 70 mg / Liter to about 100 mg / Liter , about 
80 mg / Liter to about 90 mg / Liter , about 80 mg / Liter to about 
100 mg / Liter , or about 90 mg / Liter to about 100 mg / Liter . In 
some embodiments , each amino acid present in the medium 
is present at about 10 mg / Liter , about 20 mg / Liter , about 30 
mg / Liter , about 40 mg / Liter , about 50 mg / Liter , about 60 
mg / Liter , about 70 mg / Liter , about 80 mg / Liter , about 90 
mg / Liter , or about 100 mg / Liter . In some embodiments , each 
amino acid present in the medium is present at least about 10 
mg / Liter , about 20 mg / Liter , about 30 mg / Liter , about 40 
mg / Liter , about 50 mg / Liter , about 60 mg / Liter , about 70 
mg / Liter , about 80 mg / Liter , or about 90 mg / Liter . In some 
embodiments , each amino acid present in the medium is 
present at most about 20 mg / Liter , about 30 mg / Liter , about 
40 mg / Liter , about 50 mg / Liter , about 60 mg / Liter , about 70 
mg / Liter , about 80 mg / Liter , about 90 mg / Liter , or about 100 
mg / Liter . In some embodiments , each amino acid present in 
the medium is present at about 100 mg / Liter to about 500 
mg / Liter . In some embodiments , each amino acid present in 
the medium is present at about 100 mg / Liter to about 200 
mg / Liter , about 100 mg / Liter to about 300 mg / Liter , about 
100 mg / Liter to about 400 mg / Liter , about 100 mg / Liter to 
about 500 mg / Liter , about 200 mg / Liter to about 300 mg / Li 
ter , about 200 mg / Liter to about 400 mg / Liter , about 200 
mg / Liter to about 500 mg / Liter , about 300 mg / Liter to about 
400 mg / Liter , about 300 mg / Liter to about 500 mg / Liter , or 
about 400 mg / Liter to about 500 mg / Liter . In some embodi 
ments , each amino acid present in the medium is present at 
about 100 mg / Liter , about 200 mg / Liter , about 300 mg / Liter , 
about 400 mg / Liter , or about 500 mg / Liter . In some embodi 
ments , each amino acid present in the medium is present at 
least about 100 mg / Liter , about 200 mg / Liter , about 300 
mg / Liter , or about 400 mg / Liter . In some embodiments , each 
amino acid present in the medium is present at most about 
200 mg / Liter , about 300 mg / Liter , about 400 mg / Liter , or 
about 500 mg / Liter . 
[ 0136 ] In some embodiments , the one or more vitamins 
comprise ascorbic acid , biotin , choline chloride , calcium 
pantothenate , folic acid , myo - inositol , niacinamide , pyri 
doxal ( HCI ) , pyruvic acid ( sodium salt ) , riboflavin , thiamine 
( HCI ) , vitamin B12 , or any combination thereof . In some 
embodiments , the one or more vitamins are present in the L 
isoform . In some embodiments , the one or more vitamins are 
present in the D isoform . In some embodiments , the one or 
more vitamins are present in both isoforms . In some embodi 
ments , each vitamin present in the medium is present at 
about 0.1 mg / Liter to about 2 mg / Liter . In some embodi 
ments , each vitamin present in the medium is present at 
about 0.1 mg / Liter to about 0.3 mg / Liter , about 0.1 mg / Liter 
to about 0.5 mg / Liter , about 0.1 mg / Liter to about 0.7 
mg / Liter , about 0.1 mg / Liter to about 0.9 mg / Liter , about 0.1 



US 2022/0186187 A1 Jun . 16 , 2022 
28 

mg / Liter to about 1.1 mg / Liter , about 0.1 mg / Liter to about 
1.3 mg / Liter , about 0.1 mg / Liter to about 1.5 mg / Liter , about 
0.1 mg / Liter to about 1.7 mg / Liter , about 0.1 mg / Liter to 
about 1.9 mg / Liter , about 0.1 mg / Liter to about 2 mg / Liter , 
about 0.3 mg / Liter to about 0.5 mg / Liter , about 0.3 mg / Liter 
to about 0.7 mg / Liter , about 0.3 mg / Liter to about 0.9 
mg / Liter , about 0.3 mg / Liter to about 1.1 mg / Liter , about 0.3 
mg / Liter to about 1.3 mg / Liter , about 0.3 mg / Liter to about 
1.5 mg / Liter , about 0.3 mg / Liter to about 1.7 mg / Liter , about 
0.3 mg / Liter to about 1.9 mg / Liter , about 0.3 mg / Liter to 
about 2 mg / Liter , about 0.5 mg / Liter to about 0.7 mg / Liter , 
about 0.5 mg / Liter to about 0.9 mg / Liter , about 0.5 mg / Liter 
to about 1.1 mg / Liter , about 0.5 mg / Liter to about 1.3 
mg / Liter , about 0.5 mg / Liter to about 1.5 mg / Liter , about 0.5 
mg / Liter to about 1.7 mg / Liter , about 0.5 mg / Liter to about 
1.9 mg / Liter , about 0.5 mg / Liter to about 2 mg / Liter , about 
0.7 mg / Liter to about 0.9 mg / Liter , about 0.7 mg / Liter to 
about 1.1 mg / Liter , about 0.7 mg / Liter to about 1.3 mg / Liter , 
about 0.7 mg / Liter to about 1.5 mg / Liter , about 0.7 mg / Liter 
to about 1.7 mg / Liter , about 0.7 mg / Liter to about 1.9 
mg / Liter , about 0.7 mg / Liter to about 2 mg / Liter , about 0.9 
mg / Liter to about 1.1 mg / Liter , about 0.9 mg / Liter to about 
1.3 mg / Liter , about 0.9 mg / Liter to about 1.5 mg / Liter , about 
0.9 mg / Liter to about 1.7 mg / Liter , about 0.9 mg / Liter to 
about 1.9 mg / Liter , about 0.9 mg / Liter to about 2 mg / Liter , 
about 1.1 mg / Liter to about 1.3 mg / Liter , about 1.1 mg / Liter 
to about 1.5 mg / Liter , about 1.1 mg / Liter to about 1.7 
mg / Liter , about 1.1 mg / Liter to about 1.9 mg / Liter , about 1.1 
mg / Liter to about 2 mg / Liter , about 1.3 mg / Liter to about 1.5 
mg / Liter , about 1.3 mg / Liter to about 1.7 mg / Liter , about 1.3 
mg / Liter to about 1.9 mg / Liter , about 1.3 mg / Liter to about 
2 mg / Liter , about 1.5 mg / Liter to about 1.7 mg / Liter , about 
1.5 mg / Liter to about 1.9 mg / Liter , about 1.5 mg / Liter to 
about 2 mg / Liter , about 1.7 mg / Liter to about 1.9 mg / Liter , 
about 1.7 mg / Liter to about 2 mg / Liter , or about 1.9 mg / Liter 
to about 2 mg / Liter . In some embodiments , each vitamin 
present in the medium is present at about 0.1 mg / Liter , about 
0.3 mg / Liter , about 0.5 mg / Liter , about 0.7 mg / Liter , about 
0.9 mg / Liter , about 1.1 mg / Liter , about 1.3 mg / Liter , about 
1.5 mg / Liter , about 1.7 mg / Liter , about 1.9 mg / Liter , or 
about 2 mg / Liter . In some embodiments , each vitamin 
present in the medium is present at least about 0.1 mg / Liter , 
about 0.3 mg / Liter , about 0.5 mg / Liter , about 0.7 mg / Liter , 
about 0.9 mg / Liter , about 1.1 mg / Liter , about 1.3 mg / Liter , 
about 1.5 mg / Liter , about 1.7 mg / Liter , or about 1.9 mg / Li 
ter . In some embodiments , each vitamin present in the 
medium is present at most about 0.3 mg / Liter , about 0.5 
mg / Liter , about 0.7 mg / Liter , about 0.9 mg / Liter , about 1.1 
mg / Liter , about 1.3 mg / Liter , about 1.5 mg / Liter , about 1.7 
mg / Liter , about 1.9 mg / Liter , or about 2 mg / Liter . In some 
embodiments , each vitamin present in the medium is present 
at about 10 mg / Liter to about 120 mg / Liter . In some embodi 
ments , each vitamin present in the medium is present at 
about 10 mg / Liter to about 20 mg / Liter , about 10 mg / Liter 
to about 30 mg / Liter , about 10 mg / Liter to about 40 mg / Li 
ter , about 10 mg / Liter to about 50 mg / Liter , about 10 
mg / Liter to about 60 mg / Liter , about 10 mg / Liter to about 70 
mg / Liter , about 10 mg / Liter to about 80 mg / Liter , about 10 
mg / Liter to about 90 mg / Liter , about 10 mg / Liter to about 
100 mg / Liter , about 10 mg / Liter to about 110 mg / Liter , 
about 10 mg / Liter to about 120 mg / Liter , about 20 mg / Liter 
to about 30 mg / Liter , about 20 mg / Liter to about 40 mg / Li 
ter , about 20 mg / Liter to about 50 mg / Liter , about 20 
mg / Liter to about 60 mg / Liter , about 20 mg / Liter to about 70 

mg / Liter , about 20 mg / Liter to about 80 mg / Liter , about 20 
mg / Liter to about 90 mg / Liter , about 20 mg / Liter to about 
100 mg / Liter , about 20 mg / Liter to about 110 mg / Liter , 
about 20 mg / Liter to about 120 mg / Liter , about 30 mg / Liter 
to about 40 mg / Liter , about 30 mg / Liter to about 50 mg / Li 
ter , about 30 mg / Liter to about 60 mg / Liter , about 30 
mg / Liter to about 70 mg / Liter , about 30 mg / Liter to about 80 
mg / Liter , about 30 mg / Liter to about 90 mg / Liter , about 30 
mg / Liter to about 100 mg / Liter , about 30 mg / Liter to about 
110 mg / Liter , about 30 mg / Liter to about 120 mg / Liter , 
about 40 mg / Liter to about 50 mg / Liter , about 40 mg / Liter 
to about 60 mg / Liter , about 40 mg / Liter to about 70 mg / Li 
ter , about 40 mg / Liter to about 80 mg / Liter , about 40 
mg / Liter to about 90 mg / Liter , about 40 mg / Liter to about 
100 mg / Liter , about 40 mg / Liter to about 110 mg / Liter , 
about 40 mg / Liter to about 120 mg / Liter , about 50 mg / Liter 
to about 60 mg / Liter , about 50 mg / Liter to about 70 mg / Li 
ter , about 50 mg / Liter to about 80 mg / Liter , about 50 
mg / Liter to about 90 mg / Liter , about 50 mg / Liter to about 
100 mg / Liter , about 50 mg / Liter to about 110 mg / Liter , 
about 50 mg / Liter to about 120 mg / Liter , about 60 mg / Liter 
to about 70 mg / Liter , about 60 mg / Liter to about 80 mg / Li 
ter , about 60 mg / Liter to about 90 mg / Liter , about 60 
mg / Liter to about 100 mg / Liter , about 60 mg / Liter to about 
110 mg / Liter , about 60 mg / Liter to about 120 mg / Liter , 
about 70 mg / Liter to about 80 mg / Liter , about 70 mg / Liter 
to about 90 mg / Liter , about 70 mg / Liter to about 100 
mg / Liter , about 70 mg / Liter to about 110 mg / Liter , about 70 
mg / Liter to about 120 mg / Liter , about 80 mg / Liter to about 
90 mg / Liter , about 80 mg / Liter to about 100 mg / Liter , about 
80 mg / Liter to about 110 mg / Liter , about 80 mg / Liter to 
about 120 mg / Liter , about 90 mg / Liter to about 100 mg / Li 
ter , about 90 mg / Liter to about 110 mg / Liter , about 90 
mg / Liter to about 120 mg / Liter , about 100 mg / Liter to about 
110 mg / Liter , about 100 mg / Liter to about 120 mg / Liter , or 
about 110 mg / Liter to about 120 mg / Liter . In some embodi 
ments , each vitamin present in the medium is present at 
about 10 mg / Liter , about 20 mg / Liter , about 30 mg / Liter , 
about 40 mg / Liter , about 50 mg / Liter , about 60 mg / Liter , 
about 70 mg / Liter , about 80 mg / Liter , about 90 mg / Liter , 
about 100 mg / Liter , about 110 mg / Liter , or about 120 
mg / Liter . In some embodiments , each vitamin present in the 
medium is present at least about 10 mg / Liter , about 20 
mg / Liter , about 30 mg / Liter , about 40 mg / Liter , about 50 
mg / Liter , about 60 mg / Liter , about 70 mg / Liter , about 80 
mg / Liter , about 90 mg / Liter , about 100 mg / Liter , or about 
110 mg / Liter . In some embodiments , each vitamin present in 
the medium is present at most about 20 mg / Liter , about 30 
mg / Liter , about 40 mg / Liter , about 50 mg / Liter , about 60 
mg / Liter , about 70 mg / Liter , about 80 mg / Liter , about 90 
mg / Liter , about 100 mg / Liter , about 110 mg / Liter , or about 
120 mg / Liter . 
[ 0137 ] In some embodiments , the glucose comprised in 
the medium is anhydrous . In some embodiments , the glu 
cose is present in the L isoform . In some embodiments , the 
glucose is present in the D isoform . In some embodiments , 
the glucose is present in both isoforms . In some embodi 
ments , glucose present in the medium is present at about 500 
mg / Liter to about 1,600 mg / Liter . In some embodiments , 
glucose present in the medium is present at about 500 
mg / Liter to about 600 mg / Liter , about 500 mg / Liter to about 
700 mg / Liter , about 500 mg / Liter to about 800 mg / Liter , 
about 500 mg / Liter to about 900 mg / Liter , about 500 mg / Li 
ter to about 1,000 mg / Liter , about 500 mg / Liter to about 
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1,100 mg / Liter , about 500 mg / Liter to about 1,200 mg / Liter , 
about 500 mg / Liter to about 1,300 mg / Liter , about 500 
mg / Liter to about 1,400 mg / Liter , about 500 mg / Liter to 
about 1,500 mg / Liter , about 500 mg / Liter to about 1,600 
mg / Liter , about 600 mg / Liter to about 700 mg / Liter , about 
600 mg / Liter to about 800 mg / Liter , about 600 mg / Liter to 
about 900 mg / Liter , about 600 mg / Liter to about 1,000 
mg / Liter , about 600 mg / Liter to about 1,100 mg / Liter , about 
600 mg / Liter to about 1,200 mg / Liter , about 600 mg / Liter to 
about 1,300 mg / Liter , about 600 mg / Liter to about 1,400 
mg / Liter , about 600 mg / Liter to about 1,500 mg / Liter , about 
600 mg / Liter to about 1,600 mg / Liter , about 700 mg / Liter to 
about 800 mg / Liter , about 700 mg / Liter to about 900 mg / Li 
ter , about 700 mg / Liter to about 1,000 mg / Liter , about 700 
mg / Liter to about 1,100 mg / Liter , about 700 mg / Liter to 
about 1,200 mg / Liter , about 700 mg / Liter to about 1,300 
mg / Liter , about 700 mg / Liter to about 1,400 mg / Liter , about 
700 mg / Liter to about 1,500 mg / Liter , about 700 mg / Liter to 
about 1,600 mg / Liter , about 800 mg / Liter to about 900 
mg / Liter , about 800 mg / Liter to about 1,000 mg / Liter , about 
800 mg / Liter to about 1,100 mg / Liter , about 800 mg / Liter to 
about 1,200 mg / Liter , about 800 mg / Liter to about 1,300 
mg / Liter , about 800 mg / Liter to about 1,400 mg / Liter , about 
800 mg / Liter to about 1,500 mg / Liter , about 800 mg / Liter to 
about 1,600 mg / Liter , about 900 mg / Liter to about 1,000 
mg / Liter , about 900 mg / Liter to about 1,100 mg / Liter , about 
900 mg / Liter to about 1,200 mg / Liter , about 900 mg / Liter to 
about 1,300 mg / Liter , about 900 mg / Liter to about 1,400 
mg / Liter , about 900 mg / Liter to about 1,500 mg / Liter , about 
900 mg / Liter to about 1,600 mg / Liter , about 1,000 mg / Liter 
to about 1,100 mg / Liter , about 1,000 mg / Liter to about 1,200 
mg / Liter , about 1,000 mg / Liter to about 1,300 mg / Liter , 
about 1,000 mg / Liter to about 1,400 mg / Liter , about 1,000 
mg / Liter to about 1,500 mg / Liter , about 1,000 mg / Liter to 
about 1,600 mg / Liter , about 1,100 mg / Liter to about 1,200 
mg / Liter , about 1,100 mg / Liter to about 1,300 mg / Liter , 
about 1,100 mg / Liter to about 1,400 mg / Liter , about 1,100 
mg / Liter to about 1,500 mg / Liter , about 1,100 mg / Liter to 
about 1,600 mg / Liter , about 1,200 mg / Liter to about 1,300 
mg / Liter , about 1,200 mg / Liter to about 1,400 mg / Liter , 
about 1,200 mg / Liter to about 1,500 mg / Liter , about 1,200 
mg / Liter to about 1,600 mg / Liter , about 1,300 mg / Liter to 
about 1,400 mg / Liter , about 1,300 mg / Liter to about 1,500 
mg / Liter , about 1,300 mg / Liter to about 1,600 mg / Liter , 
about 1,400 mg / Liter to about 1,500 mg / Liter , about 1,400 
mg / Liter to about 1,600 mg / Liter , or about 1,500 mg / Liter to 
about 1,600 mg / Liter . In some embodiments , glucose pres 
ent in the medium is present at about 500 mg / Liter , about 
600 mg / Liter , about 700 mg / Liter , about 800 mg / Liter , about 
900 mg / Liter , about 1,000 mg / Liter , about 1,100 mg / Liter , 
about 1,200 mg / Liter , about 1,300 mg / Liter , about 1,400 
mg / Liter , about 1,500 mg / Liter , or about 1,600 mg / Liter . In 
some embodiments , glucose present in the medium is pres 
ent at least about 500 mg / Liter , about 600 mg / Liter , about 
700 mg / Liter , about 800 mg / Liter , about 900 mg / Liter , about 
1,000 mg / Liter , about 1,100 mg / Liter , about 1,200 mg / Liter , 
about 1,300 mg / Liter , about 1,400 mg / Liter , or about 1,500 
mg / Liter . In some embodiments , glucose present in the 
medium is present at most about 600 mg / Liter , about 700 
mg / Liter , about 800 mg / Liter , about 900 mg / Liter , about 
1,000 mg / Liter , about 1,100 mg / Liter , about 1,200 mg / Liter , 
about 1,300 mg / Liter , about 1,400 mg / Liter , about 1,500 
mg / Liter , or about 1,600 mg / Liter . 

[ 0138 ] In some embodiments , lipoic acid present in the 
medium is present at about 0.05 mg / Liter to about 0.5 
mg / Liter . In some embodiments , the lipoic acid is present in 
the medium in the form of DL - thiotic acid . In some embodi 
ments , lipoic acid present in the medium is present at about 
0.05 mg / Liter to about 0.1 mg / Liter , about 0.05 mg / Liter to 
about 0.15 mg / Liter , about 0.05 mg / Liter to about 0.2 
mg / Liter , about 0.05 mg / Liter to about 0.25 mg / Liter , about 
0.05 mg / Liter to about 0.3 mg / Liter , about 0.05 mg / Liter to 
about 0.35 mg / Liter , about 0.05 mg / Liter to about 0.4 
mg / Liter , about 0.05 mg / Liter to about 0.45 mg / Liter , about 
0.05 mg / Liter to about 0.5 mg / Liter , about 0.1 mg / Liter to 
about 0.15 mg / Liter , about 0.1 mg / Liter to about 0.2 mg / Li 
ter , about 0.1 mg / Liter to about 0.25 mg / Liter , about 0.1 
mg / Liter to about 0.3 mg / Liter , about 0.1 mg / Liter to about 
0.35 mg / Liter , about 0.1 mg / Liter to about 0.4 mg / Liter , 
about 0.1 mg / Liter to about 0.45 mg / Liter , about 0.1 mg / Li 
ter to about 0.5 mg / Liter , about 0.15 mg / Liter to about 0.2 
mg / Liter , about 0.15 mg / Liter to about 0.25 mg / Liter , about 
0.15 mg / Liter to about 0.3 mg / Liter , about 0.15 mg / Liter to 
about 0.35 mg / Liter , about 0.15 mg / Liter to about 0.4 
mg / Liter , about 0.15 mg / Liter to about 0.45 mg / Liter , about 
0.15 mg / Liter to about 0.5 mg / Liter , about 0.2 mg / Liter to 
about 0.25 mg / Liter , about 0.2 mg / Liter to about 0.3 mg / Li 
ter , about 0.2 mg / Liter to about 0.35 mg / Liter , about 0.2 
mg / Liter to about 0.4 mg / Liter , about 0.2 mg / Liter to about 
0.45 mg / Liter , about 0.2 mg / Liter to about 0.5 mg / Liter , 
about 0.25 mg / Liter to about 0.3 mg / Liter , about 0.25 
mg / Liter to about 0.35 mg / Liter , about 0.25 mg / Liter to 
about 0.4 mg / Liter , about 0.25 mg / Liter to about 0.45 
mg / Liter , about 0.25 mg / Liter to about 0.5 mg / Liter , about 
0.3 mg / Liter to about 0.35 mg / Liter , about 0.3 mg / Liter to 
about 0.4 mg / Liter , about 0.3 mg / Liter to about 0.45 mg / Li 
ter , about 0.3 mg / Liter to about 0.5 mg / Liter , about 0.35 
mg / Liter to about 0.4 mg / Liter , about 0.35 mg / Liter to about 
0.45 mg / Liter , about 0.35 mg / Liter to about 0.5 mg / Liter , 
about 0.4 mg / Liter to about 0.45 mg / Liter , about 0.4 mg / Li 
ter to about 0.5 mg / Liter , or about 0.45 mg / Liter to about 0.5 
mg / Liter . In some embodiments , lipoic acid present in the 
medium is present at about 0.05 mg / Liter , about 0.1 mg / Li 
ter , about 0.15 mg / Liter , about 0.2 mg / Liter , about 0.25 
mg / Liter , about 0.3 mg / Liter , about 0.35 mg / Liter , about 0.4 
mg / Liter , about 0.45 mg / Liter , or about 0.5 mg / Liter . In 
some embodiments , lipoic acid present in the medium is 
present at least about 0.05 mg / Liter , about 0.1 mg / Liter , 
about 0.15 mg / Liter , about 0.2 mg / Liter , about 0.25 mg / Li 
ter , about 0.3 mg / Liter , about 0.35 mg / Liter , about 0.4 
mg / Liter , or about 0.45 mg / Liter . In some embodiments , 
lipoic acid present in the medium is present at most about 0.1 
mg / Liter , about 0.15 mg / Liter , about 0.2 mg / Liter , about 
0.25 mg / Liter , about 0.3 mg / Liter , about 0.35 mg / Liter , 
about 0.4 mg / Liter , about 0.45 mg / Liter , or about 0.5 mg / Li 
ter . 

[ 0139 ] In some embodiments , sodium bicarbonate present 
in the medium is present at about 250 mg / Liter to about 
2,000 mg / Liter . In some embodiments , sodium bicarbonate 
present in the medium is present at about 250 mg / Liter to 
about 500 mg / Liter , about 250 mg / Liter to about 750 mg / Li 
ter , about 250 mg / Liter to about 1,000 mg / Liter , about 250 
mg / Liter to about 1,250 mg / Liter , about 250 mg / Liter to 
about 1,500 mg / Liter , about 250 mg / Liter to about 1,750 
mg / Liter , about 250 mg / Liter to about 2,000 mg / Liter , about 
500 mg / Liter to about 750 mg / Liter , about 500 mg / Liter to 
about 1,000 mg / Liter , about 500 mg / Liter to about 1,250 
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mg / Liter , about 500 mg / Liter to about 1,500 mg / Liter , about 
500 mg / Liter to about 1,750 mg / Liter , about 500 mg / Liter to 
about 2,000 mg / Liter , about 750 mg / Liter to about 1,000 
mg / Liter , about 750 mg / Liter to about 1,250 mg / Liter , about 
750 mg / Liter to about 1,500 mg / Liter , about 750 mg / Liter to 
about 1,750 mg / Liter , about 750 mg / Liter to about 2,000 
mg / Liter , about 1,000 mg / Liter to about 1,250 mg / Liter , 
about 1,000 mg / Liter to about 1,500 mg / Liter , about 1,000 
mg / Liter to about 1,750 mg / Liter , about 1,000 mg / Liter to 
about 2,000 mg / Liter , about 1,250 mg / Liter to about 1,500 
mg / Liter , about 1,250 mg / Liter to about 1,750 mg / Liter , 
about 1,250 mg / Liter to about 2,000 mg / Liter , about 1,500 
mg / Liter to about 1,750 mg / Liter , about 1,500 mg / Liter to 
about 2,000 mg / Liter , or about 1,750 mg / Liter to about 
2,000 mg / Liter . In some embodiments , sodium bicarbonate 
present in the medium is present at about 250 mg / Liter , 
about 500 mg / Liter , about 750 mg / Liter , about 1,000 mg / Li 
ter , about 1,250 mg / Liter , about 1,500 mg / Liter , about 1,750 
mg / Liter , or about 2,000 mg / Liter . In some embodiments , 
sodium bicarbonate present in the medium is present at least 
about 250 mg / Liter , about 500 mg / Liter , about 750 mg / Liter , 
about 1,000 mg / Liter , about 1,250 mg / Liter , about 1,500 
mg / Liter , or about 1,750 mg / Liter . In some embodiments , 
sodium bicarbonate present in the medium is present at most 
about 500 mg / Liter , about 750 mg / Liter , about 1,000 mg / Li 
ter , about 1,250 mg / Liter , about 1,500 mg / Liter , about 1,750 
mg / Liter , or about 2,000 mg / Liter . 
[ 0140 ] In some embodiments , sodium pyruvate present in 
the medium is present at about 50 mg / Liter to about 160 
mg / Lite In some embodiments , sodium pyruvate present in 
the medium is present at about 50 mg / Liter to about 60 
mg / Liter , about 50 mg / Liter to about 70 mg / Liter , about 50 
mg / Liter to about 80 mg / Liter , about 50 mg / Liter to about 90 
mg / Liter , about 50 mg / Liter to about 100 mg / Liter , about 50 
mg / Liter to about 110 mg / Liter , about 50 mg / Liter to about 
120 mg / Liter , about 50 mg / Liter to about 130 mg / Liter , 
about 50 mg / Liter to about 140 mg / Liter , about 50 mg / Liter 
to about 150 mg / Liter , about 50 mg / Liter to about 160 
mg / Liter , about 60 mg / Liter to about 70 mg / Liter , about 60 
mg / Liter to about 80 mg / Liter , about 60 mg / Liter to about 90 
mg / Liter , about 60 mg / Liter to about 100 mg / Liter , about 60 
mg / Liter to about 110 mg / Liter , about 60 mg / Liter to about 
120 mg / Liter , about 60 mg / Liter to about 130 mg / Liter , 
about 60 mg / Liter to about 140 mg / Liter , about 60 mg / Liter 
to about 150 mg / Liter , about 60 mg / Liter to about 160 
mg / Liter , about 70 mg / Liter to about 80 mg / Liter , about 70 
mg / Liter to about 90 mg / Liter , about 70 mg / Liter to about 
100 mg / Liter , about 70 mg / Liter to about 110 mg / Liter , 
about 70 mg / Liter to about 120 mg / Liter , about 70 mg / Liter 
to about 130 mg / Liter , about 70 mg / Liter to about 140 
mg / Liter , about 70 mg / Liter to about 150 mg / Liter , about 70 
mg / Liter to about 160 mg / Liter , about 80 mg / Liter to about 
90 mg / Liter , about 80 mg / Liter to about 100 mg / Liter , about 
80 mg / Liter to about 110 mg / Liter , about 80 mg / Liter to 
about 120 mg / Liter , about 80 mg / Liter to about 130 mg / Li 
ter , about 80 mg / Liter to about 140 mg / Liter , about 80 
mg / Liter to about 150 mg / Liter , about 80 mg / Liter to about 
160 mg / Liter , about 90 mg / Liter to about 100 mg / Liter , 
about 90 mg / Liter to about 110 mg / Liter , about 90 mg / Liter 
to about 120 mg / Liter , about 90 mg / Liter to about 130 
mg / Liter , about 90 mg / Liter to about 140 mg / Liter , about 90 
mg / Liter to about 150 mg / Liter , about 90 mg / Liter to about 
160 mg / Liter , about 100 mg / Liter to about 110 mg / Liter , 
about 100 mg / Liter to about 120 mg / Liter , about 100 mg / Li 

ter to about 130 mg / Liter , about 100 mg / Liter to about 140 
mg / Liter , about 100 mg / Liter to about 150 mg / Liter , about 
100 mg / Liter to about 160 mg / Liter , about 110 mg / Liter to 
about 120 mg / Liter , about 110 mg / Liter to about 130 mg / Li 
ter , about 110 mg / Liter to about 140 mg / Liter , about 110 
mg / Liter to about 150 mg / Liter , about 110 mg / Liter to about 
160 mg / Liter , about 120 mg / Liter to about 130 mg / Liter , 
about 120 mg / Liter to about 140 mg / Liter , about 120 mg / Li 
ter to about 150 mg / Liter , about 120 mg / Liter to about 160 
mg / Liter , about 130 mg / Liter to about 140 mg / Liter , about 
130 mg / Liter to about 150 mg / Liter , about 130 mg / Liter to 
about 160 mg / Liter , about 140 mg / Liter to about 150 mg / Li 
ter , about 140 mg / Liter to about 160 mg / Liter , or about 150 
mg / Liter to about 160 mg / Liter . In some embodiments , 
sodium pyruvate present in the medium is present at about 
50 mg / Liter , about 60 mg / Liter , about 70 mg / Liter , about 80 
mg / Liter , about 90 mg / Liter , about 100 mg / Liter , about 110 
mg / Liter , about 120 mg / Liter , about 130 mg / Liter , about 140 
mg / Liter , about 150 mg / Liter , or about 160 mg / Liter . In 
some embodiments , sodium pyruvate present in the medium 
is present at least about 50 mg / Liter , about 60 mg / Liter , 
about 70 mg / Liter , about 80 mg / Liter , about 90 mg / Liter , 
about 100 mg / Liter , about 110 mg / Liter , about 120 mg / Liter , 
about 130 mg / Liter , about 140 mg / Liter , or about 150 
mg / Liter . In some embodiments , sodium pyruvate present in 
the medium is present at most about 60 mg / Liter , about 70 
mg / Liter , about 80 mg / Liter , about 90 mg / Liter , about 100 
mg / Liter , about 110 mg / Liter , about 120 mg / Liter , about 130 
mg / Liter , about 140 mg / Liter , about 150 mg / Liter , or about 
160 mg / Liter . 
[ 0141 ] In some embodiments , the pH of the alpha MEM is 
between 7.0 and 7.4 . 
[ 0142 ] In some embodiments , the alpha MEM comprises 
the ingredients are presented in Table 1 . 

TABLE 1 

Components mg / Liter 

INORGANIC SALTS 

Calcium Chloride , dihydrate ( CaCl2 • 2H20 ) 
Magnesium Sulfate , heptahydrate 
Potassium Chloride ( KCI ) 
Sodium Chloride ( NaCI ) 
Sodium Phosphate Monobasic , dihydrate 
( NaF121 : 04.2H20 ) 
OTHER COMPONENTS 

264.00 
200.00 
400.00 

6800.0 
158.00 

D - Glucose , Anhydrous ( C6111206 ) 
Lipoic Acid ( DL - Thiotic Acid ) ( C81 
Sodium Bicarbonate ( NaHCO3 ) 
Sodium Pyruvate ( C3H3Na03 ) 
AMINO ACIDS 

1000.00 
0.20000 

2200.00 
110.000 

Glycine ( C2H5NO2 ) 
L - Alanine ( C3H7NO2 ) 
L - Alanyl - Glutamine ( C3H15N304 ) 
L - Arginine HCI ( C6H15CIN402 ) 
L - Asparagine , monohydrate ( C4H2N203 • 1-120 ) 
L - Aspartic Acid ( C4H7N04 ) 
L - Cysteine HCI , monohydrate 
L - Cystine ( C6Hi2N20452 ) 
L - Glutamic Acid ( CSH , N04 ) 
L - Histidine ( C6H9N302 ) 
L - Isoleucine ( C6F113NO2 ) 
L - Leucine ( C6F113NO2 ) 
L - Lysine ( C6H14N202 ) 
L - Methionine ( C5H11NO2S ) 
L - Phenylalanine ( C2H11NO2 ) 

50.0000 
25.0000 

406.000 
105.000 
50.0000 
30.0000 
100.000 
24.0000 
75.0000 
31.0000 
52.4000 
52.4000 
58.0000 
15.0000 
32.0000 
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TABLE 1 - continued 

Components mg / Liter 

L - Proline ( C5H9NO2 ) 
L - Serine ( C3H - NO3 ) 
L - Threonine ( C2H , NO3 ) 
L - Tryptophan ( C11H12N2 ° 2 ) 
L - Tyrosine ( C , H , NO3 ) 
L - Valine ( C5H11NO2 ) 
VITAMINS 

40.0000 
25.0000 
48.0000 
10.0000 
36.0000 
46.0000 

L - Ascorbic Acid ( C6H806 ) 
D - Biotin ( CicH ; 6N203S ) 
Choline Chloride ( C5H14CINO ) 
D - Calcium Pantothenate 
Folic Acid ( C191-119N706 ) 
Myo - Inositol ( C6H111206 ) 
Niacinamide ( C6H6N20 ) 
Pyridoxal HCI ( C2H , NO3 • FICI ) 
Pyruvic Acid , Sodium Salt ( C3H3Na03 ) 
Riboflavin ( C17H20N406 ) 
Thimaine HCI ( C12H17CIN40S • HCI ) 
Vitamin B12 ( C63H88CON14 ° 14P ) 

50.0000 
0.1000 
1.0000 
1.0000 
1.0000 
2.0000 
1.0000 
1.0000 

110.00 
0.1000 
1.0000 
1.3600 

a 

[ 0147 ] In some embodiments , the preparations and com 
positions of the present disclosure may comprise at least 100 
million VBA - MSCs having an antigen profile of more than 
about 1.75 % CD45 + cells , at least about 95 % CD105 + cells , 
and at least about 95 % CD166 + cells and the cells may be 
expanded ex vivo from passage 2 until passage 4 while 
maintaining population uniformity based upon the antigen 
profile ( i.e. more than about 1.75 % CD45 + cells , at least 
about 95 % CD105 + cells , and at least about 95 % CD166 + 
cells ) . 
[ 0148 ] In some embodiments , the preparations and com 
positions of the present disclosure may comprise VBA 
MSCs having an antigen profile of reduced expression of 
one or more senescent cell markers , as compared to bone 
marrow - derived MSCs prepared according to known MSC 
culturing techniques . In some embodiments , the one or more 
senescent cell markers comprise MIC - A , MIC - B , ULBP2 , 
or any combination thereof . NK cell - mediated immune 
responses are stimulated by MIC - A , MIC - B , and / or ULBP2 . 
[ 0149 ] In some embodiments , the VBA - MSC preparations 
and compositions described herein comprise an amount of 
cells that express one or more senescent cell markers of 
about 1 % less than bone marrow - derived MSCs to about 
100 % less than bone marrow - derived MSCs . In some 
embodiments , the vBA - MSC preparations and compositions 
described herein comprise an amount of cells that express 
one or more senescent cell markers of about 100 % less than 
bone marrow - derived MSCs to about 90 % less than bone 
marrow - derived MSCs , about 100 % less than bone marrow 
derived MSCs about 80 % less than bone marrow - derived 
MSCs , about 100 % less than bone marrow - derived MSCs to 
about 70 % less than bone marrow - derived MSCs , about 
100 % less than bone marrow - derived MSCs to about 60 % 
less than bone marrow - derived MSCs , about 100 % less than 
bone marrow - derived MSCs to about 50 % less than bone 
marrow - derived MSCs , about 100 % less than bone marrow 
derived MSCs to about 40 % less than bone marrow - derived 
MSCs , about 100 % less than bone marrow - derived MSCs to 
about 30 % less than bone marrow - derived MSCs , about 
100 % less than bone marrow - derived MSCs to about 20 % 
less than bone marrow - derived MSCs , about 100 % less than 
bone marrow - derived MSCs to about 10 % less than bone 
marrow - derived MSCs , about 100 % less than bone marrow 
derived MSCs to about 5 % less than bone marrow - derived 
MSCs , about 100 % less than bone marrow - derived MSCs to 
about 1 % less than bone marrow - derived MSCs , about 90 % 
less than bone marrow - derived MSCs to about 80 % less than 
bone marrow - derived MSCs , about 90 % less than bone 
marrow - derived MSCs to about 70 % less than bone marrow 
derived MSCs , about 90 % less than bone marrow - derived 
MSCs to about 60 % less than bone marrow - derived MSCs , 
about 90 % less than bone marrow - derived MSCs to about 
50 % less than bone marrow - derived MSCs , about 90 % less 
than bone marrow - derived MSCs to about 40 % less than 
bone marrow - derived MSCs , about 90 % less than bone 
marrow - derived MSCs to about 30 % less than bone marrow 
derived MSCs , about 90 % less than bone marrow - derived 
MSCs to about 20 % less than bone marrow - derived MSCs , 
about 90 % less than bone marrow - derived MSCs to about 
10 % less than bone marrow - derived MSCs , about 90 % less 
than bone marrow - derived MSCs to about 5 % less than bone 
marrow - derived MSCs , about 90 % less than bone marrow 
derived MSCs to about 1 % less than bone marrow - derived 
MSCs , about 80 % less than bone marrow - derived MSCs to 

[ 0143 ] In some embodiments , the vBA - MSCs are cultured 
in a medium comprising alpha MEM as described in Table 
1 , 10 % Stemulate hPL ( no heparin required ) , 2 ng / mL 
recombinant , carrier free FGF , and 2 ng / mL recombinant , 
carrier free EGF . 

[ 0144 ] In some embodiments , the primary MSCs may be 
further passaged to non - primary cells ( e.g. removed from the 
culture surface and expanded into additional area ) by seed 
ing at a density of about 1,000 to about one million nucleated 
cells / cm² of culture dish ( e.g. about 5,900 cells / cm² plus and 
minus about 1,200 ) , and then culturing for additional days , 
e.g. about 14 : about 2 days . In suitable embodiments , the 
primary cells may be grown to confluence , and in some 
instances may be passaged to a second culture of non 
primary cells by seeding the primary cells from a confluent 
primary cell culture in the second culture surface in an 
amount below confluence and growing the non - primary 
culture to confluence . This method can be repeated for 
additional passages . 
[ 0145 ] In some embodiments , the MSCs in the treatment composition may originate from sequential generation num 
ber ( i.e. , they are within about 1 or about 2 or about 3 or 
about 4 cell doublings of each other ) . Optionally , the average 
number of cell doublings in the present composition treat 
ment composition may be about 20 to about 25 doublings . 
Optionally , the average number of cell doublings in the 
present treatment composition may be about 9 to about 13 
( e.g. , about 11 or about 11.2 ) doublings arising from the 
primary culture , plus about 1 , about 2 , about 3 , or about 4 
doublings per passage ( for example , about 2.5 doublings per 
passage ) . Exemplary average cell doublings in present 
preparations may be of about 13.5 , about 16 , about 18.5 , 
about 21 , about 23.5 , about 26 , about 28.5 , about 31 , about 
33.5 , or about 36 when produced by about 1 , about 2 , about 
3 , about 4 , about 5 , about 6 , about 7 , about 8 , about 9 , or 
about 10 passages , respectively . 
[ 014 ] In some embodiments , notwithstanding one or 
more population doublings , the MSCs in the treatment 
composition ( e.g. VBA - MSCs ) may originate from MSCs 
that were cultured through about 1 , about 2 , about 3 , about 
4 , about 5 , about 6 , about 7 , about 8 , about 9 , or about 10 
passages . 

a 

2 
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about 70 % less than bone marrow - derived MSCs , about 
80 % less than bone marrow - derived MSCs to about 60 % 
less than bone marrow - derived MSCs , about 80 % less than 
bone marrow - derived MSCs to about 50 % less than bone 
marrow - derived MSCs , about 80 % less than bone marrow 
derived MSCs to about 40 % less than bone marrow - derived 
MSCs , about 80 % less than bone marrow - derived MSCs to 
about 30 % less than bone marrow - derived MSCs , about 
80 % less than bone marrow - derived MSCs to about 20 % 
less than bone marrow - derived MSCs , about 80 % less than 
bone marrow - derived MSCs to about 10 % less than bone 
marrow - derived MSCs , about 80 % less than bone marrow 
derived MSCs to about 5 % less than bone marrow - derived 
MSCs , about 80 % less than bone marrow - derived MSCs to 
about 1 % less than bone marrow - derived MSCs , about 70 % 
less than bone marrow - derived MSCs to about 60 % less than 
bone marrow - derived MSCs , about 70 % less than bone 
marrow - derived MSCs to about 50 % less than bone marrow 
derived MSCs , about 70 % less than bone marrow - derived 
MSCs to about 40 % less than bone marrow - derived MSCs , 
about 70 % less than bone marrow - derived MSCs to about 
30 % less than bone marrow - derived MSCs , about 70 % less 
than bone marrow - derived MSCs to about 20 % less than 
bone marrow - derived MSCs , about 70 % less than bone 
marrow - derived MSCs to about 10 % less than bone marrow 
derived MSCs , about 70 % less than bone marrow - derived 
MSCs to about 5 % less than bone marrow - derived MSCs , 
about 70 % less than bone marrow - derived MSCs to about 
1 % less than bone marrow - derived MSCs , about 60 % less 
than bone marrow - derived MSCs to about 50 % less than 
bone marrow - derived MSCs , about 60 % less than bone 
marrow - derived MSCs to about 40 % less than bone marrow 
derived MSCs , about 60 % less than bone marrow - derived 
MSCs to about 30 % less than bone marrow - derived MSCs , 
about 60 % less than bone marrow - derived MSCs to about 
20 % less than bone marrow - derived MSCs , about 60 % less 
than bone marrow - derived MSCs to about 10 % less than 
bone marrow - derived MSCs , about 60 % less than bone 
marrow - derived MSCs to about 5 % less than bone marrow 
derived MSCs , about 60 % less than bone marrow - derived 
MSCs to about 1 % less than bone marrow - derived MSCs , 
about 50 % less than bone marrow - derived MSCs to about 
40 % less than bone marrow - derived MSCs , about 50 % less 
than bone marrow - derived MSCs to about 30 % less than 
bone marrow - derived MSCs , about 50 % less than bone 
marrow - derived MSCs to about 20 % less than bone marrow 
derived MSCs , about 50 % less than bone marrow - derived 
MSCs to about 10 % less than bone marrow - derived MSCs , 
about 50 % less than bone marrow - derived MSCs to about 
5 % less than bone marrow - derived MSCs , about 50 % less 
than bone marrow - derived MSCs to about 1 % less than bone 
marrow - derived MSCs , about 40 % less than bone marrow 
derived MSCs to about 30 % less than bone marrow - derived 
MSCs , about 40 % less than bone marrow - derived MSCs to 
about 20 % less than bone marrow - derived MSCs , about 
40 % less than bone marrow - derived MSCs to about 10 % 
less than bone marrow - derived MSCs , about 40 % less than 
bone marrow - derived MSCs to about 5 % less than bone 
marrow - derived MSCs , about 40 % less than bone marrow 
derived MSCs to about 1 % less than bone marrow - derived 
MSCs , about 30 % less than bone marrow - derived MSCs to 
about 20 % less than bone marrow - derived MSCs , about 
30 % less than bone marrow - derived MSCs to about 10 % 
less than bone marrow - derived MSCs , about 30 % less than 

bone marrow - derived MSCs to about 5 % less than bone 
marrow - derived MSCs , about 30 % less than bone marrow 
derived MSCs to about 1 % less than bone marrow - derived 
MSCs , about 20 % less than bone marrow - derived MSCs to 
about 10 % less than bone marrow - derived MSCs , about 
20 % less than bone marrow - derived MSCs to about 5 % less 
than bone marrow - derived MSCs , about 20 % less than bone 
marrow - derived MSCs to about 1 % less than bone marrow 
derived MSCs , about 10 % less than bone marrow - derived 
MSCs to about 5 % less than bone marrow - derived MSCs , 
about 10 % less than bone marrow - derived MSCs to about 
1 % less than bone marrow - derived MSCs , or about 5 % less 
than bone marrow - derived MSCs to about 1 % less than bone 
marrow - derived MSCs . In some embodiments , the VBA 
MSC preparations and compositions described herein com 
prise an amount of cells that express one or more senescent 
cell markers of about 100 % less than bone marrow - derived 
MSCs , about 90 % less than bone marrow - derived MSCs , 
about 80 % less than bone marrow - derived MSCs , about 
70 % less than bone marrow - derived MSCs , about 60 % less 
than bone marrow - derived MSCs , about 50 % less than bone 
marrow - derived MSCs , about 40 % less than bone marrow 
derived MSCs , about 30 % less than bone marrow - derived 
MSCs , about 20 % less than bone marrow - derived MSCs , 
about 10 % less than bone marrow - derived MSCs , about 5 % 
less than bone marrow - derived MSCs , or about 1 % less than 
bone marrow - derived MSCs . In some embodiments , the 
VBA - MSC preparations and compositions described herein 
comprise an amount of cells that express one or more 
senescent cell markers of at least about 100 % less than bone 
marrow - derived MSCs , about 90 % less than bone marrow 
derived MSCs , about 80 % less than bone marrow - derived 
MSCs , about 70 % less than bone marrow - derived MSCs , 
about 60 % less than bone marrow - derived MSCs , about 
50 % less than bone marrow - derived MSCs , about 40 % less 
than bone marrow - derived MSCs , about 30 % less than bone 
marrow - derived MSCs , about 20 % less than bone marrow 
derived MSCs , about 10 % less than bone marrow - derived 
MSCs , or about 5 % less than bone marrow - derived MSCs . 
In some embodiments , the VBA - MSC preparations and 
compositions described herein comprise an amount of cells 
that express one or more senescent cell markers of at most 
about 90 % less than bone marrow - derived MSCs , about 
80 % less than bone marrow - derived MSCs , about 70 % less 
than bone marrow - derived MSCs , about 60 % less than bone 
marrow - derived MSCs , about 50 % less than bone marrow 
derived MSCs , about 40 % less than bone marrow - derived 
MSCs , about 30 % less than bone marrow - derived MSCs , 
about 20 % less than bone marrow - derived MSCs , about 
10 % less than bone marrow - derived MSCs , about 5 % less 
than bone marrow - derived MSCs , or about 1 % less than 
bone marrow - derived MSCs . 

a 

[ 0150 ] In some embodiments , the preparations and com 
positions of the present disclosure generate a lessened NK 
cell - mediated immune response upon administration to a 
subject comprising mis - matched MHC molecules ( e.g. mis 
matched human leukocyte antigens when the subject is a 
human ) , as compared to administration of a composition 
comprising bone marrow - derived MSCs . In some embodi 
ments , the preparations and compositions of the present 
disclosure do not generate a NK cell - mediated immune 
response upon administration to a subject comprising mis 
matched MHC molecules ( e.g. mis - matched human leuko 
cyte antigens when the subject is a human ) . 
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VBA - MSC Compositions 
[ 0151 ] One aspect of the present disclosure is a composi 
tion comprising a population of human mesenchymal stem 
cells ( MSCs ) derived from a population of un - passaged or 
fresh MSCs , wherein the population of human MSCs is 
passaged and comprises a doubling rate of at least about 16 
to 36 hours . In some embodiments , the population of human 
MSCs is passaged at least about 1 time to about 12 times . In 
some embodiments , the population of human MSCs is 
passaged at least about 1 time to about 2 times , about 1 time 
to about 3 times , about 1 time to about 4 times , about 1 time 
to about 5 times , about 1 time to about 6 times , about 1 time 
to about 7 times , about 1 time to about 8 times , about 1 time 
to about 9 times , about 1 time to about 10 times , about 1 time 
to about 11 times , about 1 time to about 12 times , about 2 
times to about 3 times , about 2 times to about 4 times , about 
2 times to about 5 times , about 2 times to about 6 times , 
about 2 times to about 7 times , about 2 times to about 8 
times , about 2 times to about 9 times , about 2 times to about 
10 times , about 2 times to about 11 times , about 2 times to 
about 12 times , about 3 times to about 4 times , about 3 times 
to about 5 times , about 3 times to about 6 times , about 3 
times to about 7 times , about 3 times to about 8 times , about 
3 times to about 9 times , about 3 times to about 10 times , 
about 3 times to about 11 times , about 3 times to about 12 
times , about 4 times to about 5 times , about 4 times to about 
6 times , about 4 times to about 7 times , about 4 times to 
about 8 times , about 4 times to about 9 times , about 4 times 
to about 10 times , about 4 times to about 11 times , about 4 
times to about 12 times , about 5 times to about 6 times , about 
5 times to about 7 times , about 5 times to about 8 times , 
about 5 times to about 9 times , about 5 times to about 10 
times , about 5 times to about 11 times , about 5 times to about 
12 times , about 6 times to about 7 times , about 6 times to 
about 8 times , about 6 times to about 9 times , about 6 times 
to about 10 times , about 6 times to about 11 times , about 6 
times to about 12 times , about 7 times to about 8 times , about 
7 times to about 9 times , about 7 times to about 10 times , 
about 7 times to about 11 times , about 7 times to about 12 
times , about 8 times to about 9 times , about 8 times to about 
10 times , about 8 times to about 11 times , about 8 times to 
about 12 times , about 9 times to about 10 times , about 9 
times to about 11 times , about 9 times to about 12 times , 
about 10 times to about 11 times , about 10 times to about 12 
times , or about 11 times to about 12 times . In some embodi 
ments , the population of human MSCs is passaged at least 
about 1 time , about 2 times , about 3 times , about 4 times , 
about 5 times , about 6 times , about 7 times , about 8 times , 
about 9 times , about 10 times , about 11 times , or about 12 
times . In some embodiments , the population of human 
MSCs is passaged at least at least about 1 time , about 2 
times , about 3 times , about 4 times , about 5 times , about 6 
times , about 7 times , about 8 times , about 9 times , about 10 
times , or about 11 times . In some embodiments , the popu 
lation of human MSCs is passaged at least at most about 2 
times , about 3 times , about 4 times , about 5 times , about 6 
times , about 7 times , about 8 times , about 9 times , about 10 
times , about 11 times , or about 12 times . 
[ 0152 ] In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over the at least 4 passages . In some embodiments , the 
population of human MSCs comprises a doubling rate of 
about 14 hours to about 36 hours . In some embodiments , the 
population of human MSCs comprises a doubling rate of 

about 14 hours to about 16 hours , about 14 hours to about 
18 hours , about 14 hours to about 20 hours , about 14 hours 
to about 22 hours , about 14 hours to about 24 hours , about 
14 hours to about 26 hours , about 14 hours to about 28 
hours , about 14 hours to about 30 hours , about 14 hours to 
about 32 hours , about 14 hours to about 34 hours , about 14 
hours to about 36 hours , about 16 hours to about 18 hours , 
about 16 hours to about 20 hours , about 16 hours to about 
22 hours , about 16 hours to about 24 hours , about 16 hours 
to about 26 hours , about 16 hours to about 28 hours , about 
16 hours to about 30 hours , about 16 hours to about 32 
hours , about 16 hours to about 34 hours , about 16 hours to 
about 36 hours , about 18 hours to about 20 hours , about 18 
hours to about 22 hours , about 18 hours to about 24 hours , 
about 18 hours to about 26 hours , about 18 hours to about 
28 hours , about 18 hours to about 30 hours , about 18 hours 
to about 32 hours , about 18 hours to about 34 hours , about 
18 hours to about 36 hours , about 20 hours to about 22 
hours , about 20 hours to about 24 hours , about 20 hours to 
about 26 hours , about 20 hours to about 28 hours , about 20 
hours to about 30 hours , about 20 hours to about 32 hours , 
about 20 hours to about 34 hours , about 20 hours to about 
36 hours , about 22 hours to about 24 hours , about 22 hours 
to about 26 hours , about 22 hours to about 28 hours , about 
22 hours to about 30 hours , about 22 hours to about 32 
hours , about 22 hours to about 34 hours , about 22 hours to 
about 36 hours , about 24 hours to about 26 hours , about 24 
hours to about 28 hours , about 24 hours to about 30 hours , 
about 24 hours to about 32 hours , about 24 hours to about 
34 hours , about 24 hours to about 36 hours , about 26 hours 
to about 28 hours , about 26 hours to about 30 hours , about 
26 hours to about 32 hours , about 26 hours to about 34 
hours , about 26 hours to about 36 hours , about 28 hours to 
about 30 hours , about 28 hours to about 32 hours , about 28 
hours to about 34 hours , about 28 hours to about 36 hours , 
about 30 hours to about 32 hours , about 30 hours to about 
34 hours , about 30 hours to about 36 hours , about 32 hours 
to about 34 hours , about 32 hours to about 36 hours , or about 
34 hours to about 36 hours . In some embodiments , the 
population of human MSCs comprises a doubling rate of 
about 14 hours , about 16 hours , about 18 hours , about 20 
hours , about 22 hours , about 24 hours , about 26 hours , about 
28 hours , about 30 hours , about 32 hours , about 34 hours , or 
about 36 hours . In some embodiments , the population of 
human MSCs comprises a doubling rate of at least about 14 
hours , about 16 hours , about 18 hours , about 20 hours , about 
22 hours , about 24 hours , about 26 hours , about 28 hours , 
about 30 hours , about 32 hours , or about 34 hours . In some 
embodiments , the population of human MSCs comprises a 
doubling rate of at most about 16 hours , about 18 hours , 
about 20 hours , about 22 hours , about 24 hours , about 26 
hours , about 28 hours , about 30 hours , about 32 hours , about 
34 hours , or about 36 hours . 
[ 0153 ] In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of the at least 4 passages . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of at least about 16 to 36 hours over the at least 5 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of the at least 5 passages . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of at least about 16 to 36 hours over the at least 6 
passages . In some embodiments , the population of human 
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MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of the at least 6 passages . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of at least about 16 to 36 hours over the at least 7 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of the at least 7 passages . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of at least about 16 to 36 hours over the at least 8 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of the at least 8 passages . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of at least about 16 to 36 hours over the at least 9 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of the at least 9 passages . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of at least about 16 to 36 hours over the at least 10 
passages . In some embodiments , the population of human 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of the at least 10 passages . In some 
embodiments , the population of human MSCs comprises a 
doubling rate of less than about 29 hours . In some embodi 
ments , the population of human MSCs comprises a doubling 
rate of less than about 29 hours . In some embodiments , the 
population of human MSCs comprises a doubling rate of 
less than about 29 hours . In some embodiments , the popu 
lation of human MSCs comprises a doubling rate of less than 
about 29 hours . In some embodiments , the population of 
human MSCs comprises a doubling rate of less than about 
29 hours . In some embodiments , the population of human 
MSCs comprises a doubling rate of less than about 29 hours . 
In some embodiments , the population of human MSCs 
comprises a doubling rate of less than about 29 hours . 
[ 0154 ] In some embodiments , the population of human 
MSCs is derived from a bone . In some embodiments , the 
bone is a vertebral body . In some embodiments , the vertebral 
body is derived from a cadaver . In some embodiments , the 
population of human MSCs is derived from a population of 
un - passaged / fresh vertebral bone adherent ( VBA ) MSCs . 
[ 0155 ] In some embodiments , the population of human 
MSCs is immune - suppressive . In some embodiments , the 
population of human MSCs suppresses CD4 + immune cell 
expansion by at least about 1 fold to about 4 fold . In some 
embodiments , the population of human MSCs suppresses 
CD4 + immune cell expansion by at least about 1 fold to 
about 2 fold , about 1 fold to about 3 fold , about 1 fold to 
about 4 fold , about 2 fold to about 3 fold , about 2 fold to 
about 4 fold , or about 3 fold to about 4 fold . In some 
embodiments , the population of human MSCs suppresses 
CD4 + immune cell expansion by at least about 1 fold , about 
2 fold , about 3 fold , or about 4 fold . In some embodiments , 
the population of human MSCs suppresses CD4 + immune 
cell expansion by at least at least about 1 fold , about 2 fold , 
or about 3 fold . In some embodiments , the population of 
human MSCs suppresses CD4 + immune cell expansion by 
at least at most about 2 fold , about 3 fold , or about 4 fold . 
In some embodiments , the population of human MSCs 
suppresses CD4 + immune cell expansion by at least 1 fold . 
In some embodiments , the population of human MSCs 
suppresses CD4 + immune cell expansion by at least 2 fold . 
In some embodiments , the population of human MSCs 
suppresses CD4 + immune cell expansion by at least 3 fold . 

In some embodiments , the population of human MSCs 
suppresses CD4 + immune cell expansion by at least 4 fold . 
In some embodiments , the population of human MSCs 
suppresses CD4 + immune cell expansion by at least about 
10 % to about 95 % . In some embodiments , the population of 
human MSCs suppresses CD4 + immune cell expansion by 
at least about 10 % to about 20 % , about 10 % to about 30 % , 
about 10 % to about 40 % , about 10 % to about 50 % , about 
10 % to about 60 % , about 10 % to about 70 % , about 10 % to 
about 80 % , about 10 % to about 90 % , about 10 % to about 
95 % , about 20 % to about 30 % , about 20 % to about 40 % , 
about 20 % to about 50 % , about 20 % to about 60 % , about 
20 % to about 70 % , about 20 % to about 80 % , about 20 % to 
about 90 % , about 20 % to about 95 % , about 30 % to about 
40 % , about 30 % to about 50 % , about 30 % to about 60 % , 
about 30 % to about 70 % , about 30 % to about 80 % , about 
30 % to about 90 % , about 30 % to about 95 % , about 40 % to 
about 50 % , about 40 % to about 60 % , about 40 % to about 
70 % , about 40 % to about 80 % , about 40 % to about 90 % , 
about 40 % to about 95 % , about 50 % to about 60 % , about 
50 % to about 70 % , about 50 % to about 80 % , about 50 % to 
about 90 % , about 50 % to about 95 % , about 60 % to about 
70 % , about 60 % to about 80 % , about 60 % to about 90 % , 
about 60 % to about 95 % , about 70 % to about 80 % , about 
70 % to about 90 % , about 70 % to about 95 % , about 80 % to 
about 90 % , about 80 % to about 95 % , or about 90 % to about 
95 % . In some embodiments , the population of human MSCs 
suppresses CD4 + immune cell expansion by at least about 
10 % , about 20 % , about 30 % , about 40 % , about 50 % , about 
60 % , about 70 % , about 80 % , about 90 % , or about 95 % . In 
some embodiments , the population of human MSCs sup 
presses CD4 + immune cell expansion by at least at least 
about 10 % , about 20 % , about 30 % , about 40 % , about 50 % 
, about 60 % , about 70 % , about 80 % , or about 90 % . In some 
embodiments , the population of human MSCs suppresses 
CD4 + immune cell expansion by at least at most about 20 % , 
about 30 % , about 40 % , about 50 % , about 60 % , about 70 % , 
about 80 % , about 90 % , or about 95 % . In some embodi 
ments , the population of human MSCs suppresses CD8 + 
immune cell expansion by at least about 1 fold to about 4 
fold . In some embodiments , the population of human MSCs 
suppresses CD8 + immune cell expansion by at least about 1 
fold to about 2 fold , about 1 fold to about 3 fold , about 1 fold 
to about 4 fold , about 2 fold to about 3 fold , about 2 fold to 
about 4 fold , or about 3 fold to about 4 fold . In some 
embodiments , the population of human MSCs suppresses 
CD8 + immune cell expansion by at least about 1 fold , about 
2 fold , about 3 fold , or about 4 fold . In some embodiments , 
the population of human MSCs suppresses CD8 + immune 
cell expansion by at least at least about 1 fold , about 2 fold , 
or about 3 fold . In some embodiments , the population of 
human MSCs suppresses CD8 + immune cell expansion by 
at least at most about 2 fold , about 3 fold , or about 4 fold . 
In some embodiments , the population of human MSCs 
suppresses CD8 + immune cell expansion by at least 1 fold . 
In some embodiments , the population of human MSCs 
suppresses CD8 + immune cell expansion by at least 2 fold . 
In some embodiments , the population of human MSCs 
suppresses CD8 + immune cell expansion by at least 3 fold . 
In some embodiments , the population of human MSCs 
suppresses CD8 + immune cell expansion by at least about 
10 % to about 95 % . In some embodiments , the population of 
human MSCs suppresses CD8 + immune cell expansion by 
at least about 10 % to about 20 % , about 10 % to about 30 % , 
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about 10 % to about 40 % , about 10 % to about 50 % , about 
10 % to about 60 % , about 10 % to about 70 % , about 10 % to 
about 80 % , about 10 % to about 90 % , about 10 % to about 
95 % , about 20 % to about 30 % , about 20 % to about 40 % , 
about 20 % to about 50 % , about 20 % to about 60 % , about 
20 % to about 70 % , about 20 % to about 80 % , about 20 % to 
about 90 % , about 20 % to about 95 % , about 30 % to about 
40 % , about 30 % to about 50 % , about 30 % to about 60 % , 
about 30 % to about 70 % , about 30 % to about 80 % , about 
30 % to about 90 % , about 30 % to about 95 % , about 40 % to 
about 50 % , about 40 % to about 60 % , about 40 % to about 
70 % , about 40 % to about 80 % , about 40 % to about 90 % , 
about 40 % to about 95 % , about 50 % to about 60 % , about 
50 % to about 70 % , about 50 % to about 80 % , about 50 % to 
about 90 % , about 50 % to about 95 % , about 60 % to about 
70 % , about 60 % to about 80 % , about 60 % to about 90 % , 
about 60 % to about 95 % , about 70 % to about 80 % , about 
70 % to about 90 % , about 70 % to about 95 % , about 80 % to 
about 90 % , about 80 % to about 95 % , or about 90 % to about 
95 % . In some embodiments , the population of human MSCs 
suppresses CD8 + immune cell expansion by at least about 
10 % , about 20 % , about 30 % , about 40 % , about 50 % , about 
60 % , about 70 % , about 80 % , about 90 % , or about 95 % . In 
some embodiments , the population of human MSCs sup 
presses CD8 + immune cell expansion by at least at least 
about 10 % , about 20 % , about 30 % , about 40 % , about 50 % , 
about 60 % , about 70 % , about 80 % , or about 90 % . In some 
embodiments , the population of human MSCs suppresses 
CD8 + immune cell expansion by at least at most about 20 % , 
about 30 % , about 40 % , about 50 % , about 60 % , about 70 % , 
about 80 % , about 90 % , or about 95 % . 
[ 0156 ] In some embodiments , the population of human 
MSCs comprises less than 5 % CD45 + cells . In some 
embodiments , the population of human MSCs comprises 
more than 1.75 % CD45 + cells . In some embodiments , the 
composition of MSCs ( e.g. VBA - MSCs ) may be comprised 
of less than 5 % CD45 + . In some embodiments , the compo 
sition of MSCs may be comprised of less than about 0.5 % 
CD45 + to about 10 % CD45 + . In some embodiments , the 
composition of MSCs may be comprised of less than about 
10 % CD45 + to about 9 % CD45 + , about 10 % CD45 + to 
about 8 % CD45 + , about 10 % CD45 + to about 7 % CD45 + , 
about 10 % CD45 + to about 6 % CD45 + , about 10 % CD45 + 
to about 5 % CD45 + , about 10 % CD45 + to about 4 % 
CD45 + , about 10 % CD45 + to about 3 % CD45 + , about 10 % 
CD45 + to about 2 % CD45 + , about 10 % CD45 + to about 1 % 
CD45 + , about 10 % CD45 + to about 0.5 % CD45 + , about 9 % 
CD45 + to about 8 % CD45 + , about 9 % CD45 + to about 7 % 
CD45 + , about 9 % CD45 + to about 6 % CD45 + , about 9 % 
CD45 + to about 5 % CD45 + , about 9 % CD45 + to about 4 % 
CD45 + , about 9 % CD45 + to about 3 % CD45 + , about 9 % 
CD45 + to about 2 % CD45 + , about 9 % CD45 + to about 1 % 
CD45 + , about 9 % CD45 + to about 0.5 % CD45 + , about 8 % 
CD45 + to about 7 % CD45 + , about 8 % CD45 + to about 6 % 
CD45 + , about 8 % CD45 + to about 5 % CD45 + , about 8 % 
CD45 + to about 4 % CD45 + , about 8 % CD45 + to about 3 % 
CD45 + , about 8 % CD45 + to about 2 % CD45 + , about 8 % 
CD45 + to about 1 % CD45 + , about 8 % CD45 + to about 
0.5 % CD45 + , about 7 % CD45 + to about 6 % CD45 + , about 
7 % CD45 + to about 5 % CD45 + , about 7 % CD45 + to about 
4 % CD45 + , about 7 % CD45 + to about 3 % CD45 + , about 
7 % CD45 + to about 2 % CD45 + , about 7 % CD45 + to about 
1 % CD45 + , about 7 % CD45 + to about 0.5 % CD45 + , about 
6 % CD45 + to about 5 % CD45 + , about 6 % CD45 + to about 

4 % CD45 + , about 6 % CD45 + to about 3 % CD45 + , about 
6 % CD45 + to about 2 % CD45 + , about 6 % CD45 + to about 
1 % CD45 + , about 6 % CD45 + to about 0.5 % CD45 + , about 
5 % CD45 + to about 4 % CD45 + , about 5 % CD45 + to about 
3 % CD45 + , about 5 % CD45 + to about 2 % CD45 + , about 
5 % CD45 + to about 1 % CD45 + , about 5 % CD45 + to about 
0.5 % CD45 + , about 4 % CD45 + to about 3 % CD45 + , about 
4 % CD45 + to about 2 % CD45 + , about 4 % CD45 + to about 
1 % CD45 + , about 4 % CD45 + to about 0.5 % CD45 + , about 
3 % CD45 + to about 2 % CD45 + , about 3 % CD45 + to about 
1 % CD45 + , about 3 % CD45 + to about 0.5 % CD45 + , about 
2 % CD45 + to about 1 % CD45 + , about 2 % CD45 + to about 
0.5 % CD45 + , or about 1 % CD45 + to about 0.5 % CD45 + . In 
some embodiments , the composition of MSCs may be 
comprised of less than about 10 % CD45 + , about 9 % CD45 + , 
about 8 % CD45 + , about 7 % CD45 + , about 6 % CD45 + , 
about 5 % CD45 + , about 4 % CD45 + , about 3 % CD45 + , 
about 2 % CD45 + , about 1 % CD45 + , or about 0.5 % CD45 + . 
In some embodiments , the composition of MSCs may be 
comprised of less than at least about 10 % CD45 + , about 9 % 
CD45 + , about 8 % CD45 + , about 7 % CD45 + , about 6 % 
CD45 + , about 5 % CD45 + , about 4 % CD45 + , about 3 % 
CD45 + , about 2 % CD45 + , or about 1 % CD45 + . In some 
embodiments , the composition of MSCs may be comprised 
of less than at most about 9 % CD45 + , about 8 % CD45 + , 
about 7 % CD45 + , about 6 % CD45 + , about 5 % CD45 + , 
about 4 % CD45 + , about 3 % CD45 + , about 2 % CD45 + , 
about 1 % CD45 + , or about 0.5 % CD45 + . 
[ 0157 ] In some embodiments , the composition of MSCs 
( e.g. VBA - MSCs ) may comprise more than 1 % CD45 + cells . 
In some embodiments , the composition of MSCs may com 
prise more than 1.1 % CD45 + cells . In some embodiments , 
the composition of MSCs may comprise more than 1.2 % 
CD45 + cells . In some embodiments , the composition of 
MSCs may comprise more than 1.3 % CD45 + cells . In some 
embodiments , the composition of MSCs may comprise more 
than 1.4 % CD45 + cells . In some embodiments , the compo 
sition of MSCs may comprise more than 1.5 % CD45 + cells . 
In some embodiments , the composition of MSCs may com 
prise more than 1.6 % CD45 + cells . In some embodiments , 
the composition of MSCs may comprise more than 1.7 % 
CD45 + cells . In some embodiments , the composition of 
MSCs may comprise more than 1.8 % CD45 + cells . In some 
embodiments , the composition of MSCs may comprise more 
than 1.9 % CD45 + cells . In some embodiments , the compo 
sition of MSCs may comprise more than 2 % CD45 + cells . 
[ 0158 ] In some embodiments , the population of human 
MSCs comprises at least 90 % CD105 + cells . In some 
embodiments , the composition of MSCs may be comprised 
of at least 90 % CD105 + cells . In some embodiments , the 
composition of MSCs may be comprised of at least about 
70 % CD105 + cells to about 100 % CD105 + cells . In some 
embodiments , the composition of MSCs may be comprised 
of at least about 100 % CD105 + cells to about 95 % CD105 + 
cells , about 100 % CD105 + cells to about 94 % CD105 + 
cells , about 100 % CD105 + cells to about 93 % CD105 + 
cells , about 100 % CD105 + cells to about 92 % CD105 + 
cells , about 100 % CD105 + cells to about 91 % CD105 + 
cells , about 100 % CD105 + cells to about 90 % CD105 + 
cells , about 100 % CD105 + cells to about 85 % CD105 + 
cells , about 100 % CD105 + cells to about 80 % CD105 + 
cells , about 100 % CD105 + cells to about 75 % CD105 + 
cells , about 100 % CD105 + cells to about 70 % CD105 + 
cells , about 95 % CD105 + cells to about 94 % CD105 + cells , 
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about 95 % CD105 + cells to about 93 % CD105 + cells , about 
95 % CD105 + cells to about 92 % CD105 + cells , about 95 % 
CD105 + cells to about 91 % CD105 + cells , about 95 % 
CD105 + cells to about 90 % CD105 + cells , about 95 % 
CD105 + cells to about 85 % CD105 + cells , about 95 % 
CD105 + cells to about 80 % CD105 + cells , about 95 % 
CD105 + cells to about 75 % CD105 + cells , about 95 % 
CD105 + cells to about 70 % CD105 + cells , about 94 % 
CD105 + cells to about 93 % CD105 + cells , about 94 % 
CD105 + cells to about 92 % CD105 + cells , about 94 % 
CD105 + cells to about 91 % CD105 + cells , about 94 % 
CD105 + cells to about 90 % CD105 + cells , about 94 % 
CD105 + cells to about 85 % CD105 + cells , about 94 % 
CD105 + cells to about 80 % CD105 + cells , about 94 % 
CD105 + cells to about 75 % CD105 + cells , about 94 % 
CD105 + cells to about 70 % CD105 + cells , about 93 % 
CD105 + cells to about 92 % CD105 + cells , about 93 % 
CD105 + cells to about 91 % CD105 + cells , about 93 % 
CD105 + cells to about 90 % CD105 + cells , about 93 % 
CD105 + cells to about 85 % CD105 + cells , about 93 % 
CD105 + cells to about 80 % CD105 + cells , about 93 % 
CD105 + cells to about 75 % CD105 + cells , about 93 % 
CD105 + cells to about 70 % CD105 + cells , about 92 % 
CD105 + cells to about 91 % CD105 + cells , about 92 % 
CD105 + cells to about 90 % CD105 + cells , about 92 % 
CD105 + cells to about 85 % CD105 + cells , about 92 % 
CD105 + cells to about 80 % CD105 + cells , about 92 % 
CD105 + cells to about 75 % CD105 + cells , about 92 % 
CD105 + cells to about 70 % CD105 + cells , about 91 % 
CD105 + cells to about 90 % CD105 + cells , about 91 % 
CD105 + cells to about 85 % CD105 + cells , about 91 % 
CD105 + cells to about 80 % CD105 + cells , about 91 % 
CD105 + cells to about 75 % CD105 + cells , about 91 % 
CD105 + cells to about 70 % CD105 + cells , about 90 % 
CD105 + cells to about 85 % CD105 + cells , about 90 % 
CD105 + cells to about 80 % CD105 + cells , about 90 % 
CD105 + cells to about 75 % CD105 + cells , about 90 % 
CD105 + cells to about 70 % CD105 + cells , about 85 % 
CD105 + cells to about 80 % CD105 + cells , about 85 % 
CD105 + cells to about 75 % CD105 + cells , about 85 % 
CD105 + cells to about 70 % CD105 + cells , about 80 % 
CD105 + cells to about 75 % CD105 + cells , about 80 % 
CD105 + cells to about 70 % CD105 + cells , or about 75 % 
CD105 + cells to about 70 % CD105 + cells . In some embodi 
ments , the composition of MSCs may be comprised of at 
least about 100 % CD105 + cells , about 95 % CD105 + cells , 
about 94 % CD105 + cells , about 93 % CD105 + cells , about 
92 % CD105 + cells , about 91 % CD105 + cells , about 90 % 
CD105 + cells , about 85 % CD105 + cells , about 80 % 
CD105 + cells , about 75 % CD105 + cells , or about 70 % 
CD105 + cells . In some embodiments , the composition of 
MSCs may be comprised of at least at least about 100 % 
CD105 + cells , about 95 % CD105 + cells , about 94 % 
CD105 + cells , about 93 % CD105 + cells , about 92 % 
CD105 + cells , about 91 % CD105 + cells , about 90 % 
CD105 + cells , about 85 % CD105 + cells , about 80 % 
CD105 + cells , or about 75 % CD105 + cells . In some embodi 
ments , the composition of MSCs may be comprised of at 
least at most about 95 % CD105 + cells , about 94 % CD105 + 
cells , about 93 % CD105 + cells , about 92 % CD105 + cells , 
about 91 % CD105 + cells , about 90 % CD105 + cells , about 
85 % CD105 + cells , about 80 % CD105 + cells , about 75 % 
CD105 + cells , or about 70 % CD105 + cells . 

[ 0159 ] In some embodiments , the population of human 
MSCs comprises at least 90 % CD166 + cells . In some 
embodiments , the composition of MSCs may be comprised 
of at least 90 % CD166 + cells . In some embodiments , the 
composition of MSCs may be comprised of at least about 
70 % CD166 + cells to about 100 % CD166 + cells . In some 
embodiments , the composition of MSCs may be comprised 
of at least about 100 % CD166 + cells to about 95 % CD166 + 
cells , about 100 % CD166 + cells to about 94 % CD166 + 
cells , about 100 % CD166 + cells to about 93 % CD166 + 
cells , about 100 % CD166 + cells to about 92 % CD166 + 
cells , about 100 % CD166 + cells to about 91 % CD166 + 
cells , about 100 % CD166 + cells to about 90 % CD166 + 
cells , about 100 % CD166 + cells to about 85 % CD166 + 
cells , about 100 % CD166 + cells to about 80 % CD166 + 
cells , about 100 % CD166 + cells to about 75 % CD166 + 
cells , about 100 % CD166 + cells to about 70 % CD166 + 
cells , about 95 % CD166 + cells to about 94 % CD166 + cells , 
about 95 % CD166 + cells to about 93 % CD166 + cells , about 
95 % CD166 + cells to about 92 % CD166 + cells , about 95 % 
CD166 + cells to about 91 % CD166 + cells , about 95 % 
CD166 + cells to about 90 % CD166 + cells , about 95 % 
CD166 + cells to about 85 % CD166 + cells , about 95 % 
CD166 + cells to about 80 % CD166 + cells , about 95 % 
CD166 + cells to about 75 % CD166 + cells , about 95 % 
CD166 + cells to about 70 % CD166 + cells , about 94 % 
CD166 + cells to about 93 % CD166 + cells , about 94 % 
CD166 + cells to about 92 % CD166 + cells , about 94 % 
CD166 + cells to about 91 % CD166 + cells , about 94 % 
CD166 + cells to about 90 % CD166 + cells , about 94 % 
CD166 + cells to about 85 % CD166 + cells , about 94 % 
CD166 + cells to about 80 % CD166 + cells , about 94 % 
CD166 + cells to about 75 % CD166 + cells , about 94 % 
CD166 + cells to about 70 % CD166 + cells , about 93 % 
CD166 + cells to about 92 % CD166 + cells , about 93 % 
CD166 + cells to about 91 % CD166 + cells , about 93 % 
CD166 + cells to about 90 % CD166 + cells , about 93 % 
CD166 + cells to about 85 % CD166 + cells , about 93 % 
CD166 + cells to about 80 % CD166 + cells , about 93 % 
CD166 + cells to about 75 % CD166 + cells , about 93 % 
CD166 + cells to about 70 % CD166 + cells , about 92 % 
CD166 + cells to about 91 % CD166 + cells , about 92 % 
CD166 + cells to about 90 % CD166 + cells , about 92 % 
CD166 + cells to about 85 % CD166 + cells , about 92 % 
CD166 + cells to about 80 % CD166 + cells , about 92 % 
CD166 + cells to about 75 % CD166 + cells , about 92 % 
CD166 + cells to about 70 % CD166 + cells , about 91 % 
CD166 + cells to about 90 % CD166 + cells , about 91 % 
CD166 + cells to about 85 % CD166 + cells , about 91 % 
CD166 + cells to about 80 % CD166 + cells , about 91 % 
CD166 + cells to about 75 % CD166 + cells , about 91 % 
CD166 + cells to about 70 % CD166 + cells , about 90 % 
CD166 + cells to about 85 % CD166 + cells , about 90 % 
CD166 + cells to about 80 % CD166 + cells , about 90 % 
CD166 + cells to about 75 % CD166 + cells , about 90 % 
CD166 + cells to about 70 % CD166 + cells , about 85 % 
CD166 + cells to about 80 % CD166 + cells , about 85 % 
CD166 + cells to about 75 % CD166 + cells , about 85 % 
CD166 + cells to about 70 % CD166 + cells , about 80 % 
CD166 + cells to about 75 % CD166 + cells , about 80 % 
CD166 + cells to about 70 % CD166 + cells , or about 75 % 
CD166 + cells to about 70 % CD166 + cells . In some embodi 
ments , the composition of MSCs may be comprised of at 
least about 100 % CD166 + cells , about 95 % CD166 + cells , 
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about 94 % CD166 + cells , about 93 % CD166 + cells , about 
92 % CD166 + cells , about 91 % CD166 + cells , about 90 % 
CD166 + cells , about 85 % CD166 + cells , about 80 % 
CD166 + cells , about 75 % CD166 + cells , or about 70 % 
CD166 + cells . In some embodiments , the composition of 
MSCs may be comprised of at least at least about 100 % 
CD166 + cells , about 95 % CD166 + cells , about 94 % 
CD166 + cells , about 93 % CD166 + cells , about 92 % 
CD166 + cells , about 91 % CD166 + cells , about 90 % 
CD166 + cells , about 85 % CD166 + cells , about 80 % 
CD166 + cells , or about 75 % CD166 + cells . In some embodi 
ments , the composition of MSCs may be comprised of at 
least at most about 95 % CD166 + cells , about 94 % CD166 + 
cells , about 93 % CD166 + cells , about 92 % CD166 + cells , 
about 91 % CD166 + cells , about 90 % CD166 + cells , about 
85 % CD166 + cells , about 80 % CD166 + cells , about 75 % 
CD166 + cells , or about 70 % CD166 + cells . 
[ 0160 ] In some embodiments , the population of human 
MSCs comprises at least about 20 % cells in the S phase of 
the cell cycle to about 60 % cells in the S phase of the cell 
cycle . In some embodiments , the population of human 
MSCs comprises at least about 20 % cells in the S phase of 
the cell cycle to about 30 % cells in the S phase of the cell 
cycle , about 20 % cells in the S phase of the cell cycle to 
about 35 % cells in the S phase of the cell cycle , about 20 % 
cells in the S phase of the cell cycle to about 40 % cells in 
the S phase of the cell cycle , about 20 % cells in the S phase 
of the cell cycle to about 45 % cells in the S phase of the cell 
cycle , about 20 % cells in the S phase of the cell cycle to 
about 50 % cells in the S phase of the cell cycle , about 20 % 
cells in the S phase of the cell cycle to about 55 % cells in 
the S phase of the cell cycle , about 20 % cells in the S phase 
of the cell cycle to about 60 % cells in the S phase of the cell 
cycle , about 30 % cells in the S phase of the cell cycle to 
about 35 % cells in the S phase of the cell cycle , about 30 % 
cells in the S phase of the cell cycle to about 40 % cells in 
the S phase of the cell cycle , about 30 % cells in the S phase 
of the cell cycle to about 45 % cells in the S phase of the cell 
cycle , about 30 % cells in the S phase of the cell cycle to 
about 50 % cells in the S phase of the cell cycle , about 30 % 
cells in the S phase of the cell cycle to about 55 % cells in 
the S phase of the cell cycle , about 30 % cells in the S phase 
of the cell cycle to about 60 % cells in the S phase of the cell 
cycle , about 35 % cells in the S phase of the cell cycle to 
about 40 % cells in the S phase of the cell cycle , about 35 % 
cells in the S phase of the cell cycle to about 45 % cells in 
the S phase of the cell cycle , about 35 % cells in the S phase 
of the cell cycle to about 50 % cells in the S phase of the cell 
cycle , about 35 % cells in the S phase of the cell cycle to 
about 55 % cells in the S phase of the cell cycle , about 35 % 
cells in the S phase of the cell cycle to about 60 % cells in 
the S phase of the cell cycle , about 40 % cells in the S phase 
of the cell cycle to about 45 % cells in the S phase of the cell 
cycle , about 40 % cells in the S phase of the cell cycle to 
about 50 % cells in the S phase of the cell cycle , about 40 % 
cells in the S phase of the cell cycle to about 55 % cells in 
the S phase of the cell cycle , about 40 % cells in the S phase 
of the cell cycle to about 60 % cells in the S phase of the cell 
cycle , about 45 % cells in the S phase of the cell cycle to 
about 50 % cells in the S phase of the cell cycle , about 45 % 
cells in the S phase of the cell cycle to about 55 % cells in 
the S phase of the cell cycle , about 45 % cells in the S phase 
of the cell cycle to about 60 % cells in the S phase of the cell 
cycle , about 50 % cells in the S phase of the cell cycle to 

about 55 % cells in the S phase of the cell cycle , about 50 % 
cells in the S phase of the cell cycle to about 60 % cells in 
the S phase of the cell cycle , or about 55 % cells in the S 
phase of the cell cycle to about 60 % cells in the S phase of 
the cell cycle . In some embodiments , the population of 
human MSCs comprises at least about 20 % cells in the S 
phase of the cell cycle , about 30 % cells in the S phase of the 
cell cycle , about 35 % cells in the S phase of the cell cycle , 
about 40 % cells in the S phase of the cell cycle , about 45 % 
cells in the S phase of the cell cycle , about 50 % cells in the 
S phase of the cell cycle , about 55 % cells in the S phase of 
the cell cycle , or about 60 % cells in the S phase of the cell 
cycle . In some embodiments , the population of human 
MSCs comprises at least at least about 20 % cells in the S 
phase of the cell cycle , about 30 % cells in the S phase of the 
cell cycle , about 35 % cells in the S phase of the cell cycle , 
about 40 % cells in the S phase of the cell cycle , about 45 % 
cells in the S phase of the cell cycle , about 50 % cells in the 
S phase of the cell cycle , or about 55 % cells in the S phase 
of the cell cycle . In some embodiments , the population of 
human MSCs comprises at least at most about 30 % cells in 
the S phase of the cell cycle , about 35 % cells in the S phase 
of the cell cycle , about 40 % cells in the S phase of the cell 
cycle , about 45 % cells in the S phase of the cell cycle , about 
50 % cells in the S phase of the cell cycle , about 55 % cells 
in the S phase of the cell cycle , or about 60 % cells in the S 
phase of the cell cycle . In some embodiments , the popula 
tion of human MSCs comprises at least 40 % cells in the S 
phase of the cell cycle . In some embodiments , the popula 
tion of human MSCs comprises at least 45 % cells in the S 
phase of the cell cycle . In some embodiments , the popula 
tion of human MSCs comprises at least 50 % cells in the S 
phase of the cell cycle . In some embodiments , the popula 
tion of human MSCs comprises at least 55 % cells in the S 
phase of the cell cycle . 
[ 0161 ] The present disclosure should be considered as 
illustrative and not restrictive in character . It is understood 
that only certain embodiments have been presented and that 
all changes , modifications and further applications that come 
within the spirit of the disclosure are desired to be protected . 
[ 0162 ] While preferred embodiments of the present inven 
tion have been shown and described herein , it will be 
obvious to those skilled in the art that such embodiments are 
provided by way of example only . It is not intended that the 
invention be limited by the specific examples provided 
within the specification . While the invention has been 
described with reference to the aforementioned specifica 
tion , the descriptions and illustrations of the embodiments 
herein are not meant to be construed in a limiting sense . 
Numerous variations , changes , and substitutions will now 
occur to those skilled in the art without departing from the 
invention . Furthermore , it shall be understood that all 
aspects of the invention are not limited to the specific 
depictions , configurations or relative proportions set forth 
herein which depend upon a variety of conditions and 
variables . It should be understood that various alternatives to 
the embodiments of the invention described herein may be 
employed in practicing the invention . It is therefore con 
templated that the invention shall also cover any such 
alternatives , modifications , variations or equivalents . It is 
intended that the following claims define the scope of the 
invention and that methods and structures within the scope 
of these claims and their equivalents be covered thereby . 
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Embodiments 

[ 0163 ] 1. A composition , comprising about at least 10 
million cadaveric human mesenchymal stem cells ( MSCs ) , 
wherein said composition is capable of inhibiting an 
immune response within a subject . 
[ 0164 ] 2. The composition of embodiment 1 , wherein said 
composition comprises less than 5 % CD45 + cells . 
[ 0165 ] 3. The composition of embodiment 1 , wherein said 
composition comprises at least 90 % CD105 + cells . 
[ 0166 ] 4. The composition of embodiment 1 , wherein said 
composition comprises at least 90 % CD166 + cells . 
[ 0167 ] 5. The composition of embodiment 1 , wherein said 
cadaveric human MSCs comprise cadaveric human MSCs 
derived from bone marrow , adherent vertebral body MSCs 
( VBA - MSCs ) , or both . 
[ 0168 ] 6. The composition of embodiment 1 , wherein said 
immune response is a rejection of a vascular composite 
allotransplant ( VCAs ) of an organ to said subject . 
[ 0169 ] 7. The composition of embodiment 6 , wherein said 
organ is limb . 
[ 0170 ] 8. The composition of embodiment 6 , wherein said 
organ is a heart , kidney , liver , lung , pancreas , intestine , 
thymus , or uterus . 
[ 0171 ] 9. The composition of embodiment 6 , wherein said 
organ is skin . 

[ 0187 ] 21. The method of embodiment 20 , wherein said 
extracting of said cadaveric human MSCs comprises con 
tacting said bone with a digestion solution . 
[ 0188 ] 22. The method of embodiment 21 , wherein said 
digestion solution comprises one or more distinct enzymes . 
[ 0189 ] 23. The method of embodiment 22 , wherein said 
one or more distinct enzymes comprise one or more colla 
genases and a neutral protease . 
[ 0190 ] 24. The method of embodiment 23 , wherein said 
one or more collagenases comprise collagenase isoforms C1 
and C2 at a ratio comprising more collagenase isoform C1 
than collagenase isoform C2 . 
[ 0191 ] 25. The method of embodiment 24 , wherein said 
ratio of collagenase isoform C1 to collagenase isoform C2 is 
about 30 to about 70 : about 10 to about 29 . 
[ 0192 ] 26. The method of embodiment 25 , wherein said 
ratio of collagenase isoform C1 to collagenase C2 is 35:15 . 
[ 0193 ] 27. The method of embodiment 21 , wherein said 
digestion solution is present at a ratio of volume to weight 
of said bone and said digestion solution of about 1 : 1 to about 
15 : 1 . 
[ 0194 ] 28. The method of embodiment 23 , wherein said 
digestion solution comprises about 2 to about 20 U / ml of 
said neutral protease . 
[ 0195 ] 29. The method of embodiment 28 , wherein said 
digestion solution comprises said neutral protease at an 
activity of about 19.6 U / ml . 
[ 0196 ] 30. The method of embodiment 21 , wherein said 
digestion solution is contacted with said bone for up to about 
3 hours . 
[ 0197 ] 31. The method of embodiment 20 , wherein at least 
10 million , 100 million , 1 billion , or 10 billion cadaveric 
human MSCs are extracted from said one or more ground 
bone segments . 
[ 0198 ] 32. A composition , comprising : 
[ 0199 ] at least about 10 million cadaveric human mesen 
chymal stem cells ( MSCs ) ; and 
[ 0200 ] at least about 500,000 nucleated bone marrow cells 
or derivatives thereof , 
wherein said composition is capable of inhibiting an 
immune response . 
[ 0201 ] 33. The composition of embodiment 32 , wherein 
said composition further comprises a human organ . 
[ 0202 ] 34. The composition of embodiment 33 , wherein 
said human organ is a heart , kidney , liver , lung , pancreas , 
intestine , thymus , or uterus . 
[ 0203 ] 35. The composition of embodiment 32 , wherein 
said nucleated bone marrow cells or derivatives thereof 
comprise hematopoietic stem cells ( HSC ) . 
[ 0204 ] 36. The composition of embodiment 32 , wherein 
said cadaveric human MSCs comprises a matched HLA 
haploid type as said nucleated bone marrow cells or deriva 
tives thereof . 
[ 0205 ] 37. The composition of embodiment 33 , wherein 
said cadaveric human MSCs comprises a matched HLA 
haploid type as said human organ . 
[ 0206 ] 38. The composition of embodiment 33 , wherein 
said cadaveric human MSCs comprises a mis - matched HLA 
haploid type as said human organ . 
[ 0207 ] 39. The composition of embodiment 33 , wherein 
said cadaveric human MSCs and said nucleated bone mar 
row cells or derivatives thereof comprise a mis - matched 
HLA haploid type as said human organ . 

[ 0172 ] 10. The composition of embodiment 1 , wherein 
said composition comprises about at least 10 million , 100 
million , 1 billion , or 10 billion cadaveric human MSCs . 
[ 0173 ] 11. A method of treating a medical condition in a 
subject suffering thereof , comprising administering to said 
subject a composition comprising at least 10 million cadav 
eric human MSCs . 
[ 0174 ] 12. The method of embodiment 11 , wherein said 
cell composition inhibits an immune response within said 
subject . 
[ 0175 ] 13. The method of embodiment 11 , wherein said 
medical condition is an autoimmune disease . 
[ 0176 ] 14. The method of embodiment 11 , wherein said 
medical condition is a myocardial infarction . 
( 0177 ] 15. The method of embodiment wherein said 
medical condition is chronic obstructive pulmonary disease 
( COPD ) or acute respiratory distress syndrome ( ARDS ) . 
[ 0178 ] 16. The method of embodiment 11 , wherein said 
medical condition is arthritis . 
[ 0179 ] 17. The method of embodiment 11 , wherein said 
composition comprises at least 10 million , 100 million , 1 
billion , or 10 billion cadaveric human MSCs . 
[ 0180 ] 18. The method of embodiment 11 , further com 
prising generating CD45 - huCD73 + huCD90 + cells within 
said subject . 
[ 0181 ] 19. The method of embodiment 11 , wherein said 
cadaveric human MSCs comprise cadaveric human MSCs 
derived from bone marrow , adherent vertebral body MSCs 
( VBA - MSCs ) , or both . 
[ 0182 ] 20. A method of preparing a composition compris 
ing cadaveric human MSCs , comprising : 
[ 0183 ] A. providing a bone derived from a deceased 
donor ; 
[ 0184 ] B. grinding said bone into one or more ground bone 
segments ; 
[ 0185 ] C. filtering said one or more ground bone seg 
ments ; and 
( 0186 ] D. extracting said cadaveric human MSCs from 
said one or more ground bone segments . 

2 

2 
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[ 0228 ] 58. The composition of embodiment 1 , wherein 
said at least 10 million cadaveric human MSCs comprise 
more than 1.75 % CD45 + cells . 
[ 0229 ] 59. The composition of embodiment 1 , wherein 
said at least 10 million cadaveric human comprise less 
MIC - A + cells , MIC - B + cells , ULBP2 + cells , or any com 
bination thereof , relative to bone marrow - derived MSCs . 

EXAMPLES 

[ 0230 ] The following illustrative examples are represen 
tative of embodiments of the systems and methods described 
herein and are not meant to be limiting in any way . 

Example 1 

Tissue Processing 
[ 0231 ] Described herein is an exemplary tissue processing 
protocol . In some cases , the tissue being processed can be 
vertebral bodies . In some cases , the tissue processing pro 
tocol can yield the bone marrow cells described herein . 

[ 0208 ] 40. The composition of embodiment 32 , wherein 
said composition comprises at least 100 million , 1 billion , or 
10 billion cadaveric human MSCs . 
[ 0209 ] 41. The composition of embodiment 32 , wherein 
said composition comprises at least 1 million , 1.5 million , or 
2 million nucleated bone marrow cells or derivatives 
thereof . 
[ 0210 ] 42. The composition of embodiment 32 , wherein 
said cadaveric human MSCs comprise cadaveric human 
MSCs derived from bone marrow , adherent vertebral body 
MSCs ( VBA - MSCs ) , or both . 
[ 0211 ] 43. A method of treating a medical condition in a 
subject suffering thereof , comprising : 
[ 0212 ] a . administering at least 500,000 nucleated bone 
marrow cells or derivatives thereof to said in need thereof ; 
and 
[ 0213 ] b . administering at least 10 million cadaveric 
human mesenchymal stem cells ( MSCs ) to said subject 
suffering thereof . 
[ 0214 ] 44. The method of embodiment 43 , wherein said 
medical condition comprises an autoimmune disease . 
[ 0215 ] 45. The method of embodiment 44 , wherein said 
autoimmune disease comprises graft verses host disease 
( GVHD ) . 
[ 021 ] 46. The method of embodiment 43 , wherein said 
nucleated bone marrow cells or derivatives thereof comprise 
hematopoietic stem cells ( HSCs ) . 
[ 0217 ] 47. The method of embodiment 43 , wherein said 
cadaveric human MSCs comprises a matched HLA haploid 
type as said nucleated bone marrow cells or derivatives 
thereof 
[ 0218 ] 48. The method of embodiment 43 , wherein said 
cadaveric human MSCs comprises a mis - matched HLA 
haploid type as said nucleated bone marrow cells or deriva 
tives thereof . 
[ 0219 ] 49. The method of embodiment 43 , further com 
prising , prior to ( a ) , transplanting an organ into said subject 
suffering from said medical condition . 
[ 0220 ] 50. The method of embodiment 49 , wherein said 
cadaveric human MSCs and said nucleated bone marrow 
cells or derivatives thereof comprise a mis - matched HLA 
haploid type as said human organ . 
[ 0221 ] 51. The method of embodiment 49 , further com 
prising administering rapamycin to said subject in need 
thereof . 
[ 0222 ] 52. The method of embodiment 49 , further com 
prising administering CTLA4 - Ig to said subject . 
[ 0223 ] 53. The method of embodiment 43 , further com 
prising generating CD45 + H2d + cells in a background of 
CD45 + H2b + cells . 
[ 0224 ] 54. The method of embodiment 43 , further com 
prising generating CD45 - huCD73 + huCD90 + cells . 
[ 0225 ] 55. The method of embodiment 43 , further com 
prising generating a mixed chimerism within said subject . 
[ 0226 ] 56. The method of embodiment 55 , wherein said 
mixed chimerism is maintained for at least 120 days from 
administration of said nucleated bone marrow cells . 
[ 0227 ] 57. The method of embodiment 43 , further com 
prising additionally administering at least 10 million cadav 
eric human mesenchymal stem cells ( MSCs ) to said subject 
in need thereof 1 day after ( b ) , 2 days after ( b ) , 3 days after 
( b ) , 4 days after ( b ) , or any combination thereof . 

2 

A. Tissue Debriding 
[ 0232 ] 1. Spray down the surface of the exterior bag of 
fresh VBs with 70 % isopropanol . In hood , remove outer 
nonsterile bag and dispose . Open inner bag and dispose of 
bag . 
[ 0233 ] 2. Unwrap specimen from blue towel and lap 
sponges . Record presence of packing materials and condi 
tion of the spine for minimum 2 layers of sterile bags ; blue 
towel ; lap sponges ; tissue moisture maintenance ; and pres 
ence of pedicles . 
[ 0234 ] 3. Record the start time for tissue debriding . 
[ 0235 ] 4. Remove soft tissue surrounding pedicles to 
reveal correct sawing location . Scrape off exterior tissue 
with osteotomes . 
[ 0236 ] 5. If present , saw through pedicles . Retain anterior 
VBs and discard pedicles and posterior elements . Avoid 
exposing cancellous tissue . 
[ 0237 ] 6. Separate VBs by slicing through discs using the 
boning knife . 
[ 0238 ] 7. Remove remaining soft tissue from each indi 
vidual VB surface , using a combination of scissors , knives , 
and osteotomes . Make note of any anatomical pathologies or 
injury during recovery ( e.g. bone spurs , herniated discs , and 
degenerative discs , cuts into VBs from recovery , or others 
such as brittle bones ) . 
[ 0239 ] 8. Count the number of intact VBs and determine 
the levels recovered ( e.g. T8 - L5 ) Discard any VBs that were 
damaged during recovery and have cancellous tissue 
exposed . 
[ 0240 ] 9. Spray balance ( CS - 5000 model ) with 70 % IPA 
and place in a clean area inside the Biosafety cabinet ( BSC ) . 
Tare balance with the sterile bag . Place VBs that will be 
processed further into the sterile bag , and record mass . 
Record the # of VBs used for BM extraction . 

a 

B. Surface Decontamination 

a 
[ 0241 ] 1. Record the temperature of the VBs . 
[ 0242 ] 2. Place VBs into a sterile bag , then add 1 L of 10 % 
bleach solution to the bag and ensure all VBs are submerged . 
Once bleach is added to the VB bag , immediately start a 
timer for 10 minutes . Allow 10 minutes of contact time 
before proceeding to B.4 . 
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[ 0243 ] 3. Remove all used processing equipment and 
drapes from the hood and remove soiled gloves . Clean BSC 
with 70 % IPA and allow to dry before proceeding . 
[ 0244 ] 4. After 10 minutes of bleach solution contact time , 
immediately begin transfer of the VBs into a new sterile bag 
using a pair of sterile , long handled forceps . 
[ 0245 ] 5. Add 1 L of 3 % hydrogen peroxide solution to the 
bag . Ensure VBs are completely submerged . Close the bag 
and shake briefly . 
[ 0246 ] 6. Transfer the VBs into a new sterile bag using 
new , sterile , long handled forceps . 
[ 0247 ] 7. Fill the bag with 1 L of Plasma - Lyte . Close the 
bag and shake briefly . 
[ 0248 ] 8. Transfer the VBs into a new sterile bag using 
new , sterile long handled forceps . 
[ 0249 ] 9. Fill the bag with 1 L of Plasma - Lyte . Close the 
bag and shake briefly . 
[ 0250 ] 10. Transfer the VBs to a sterile pan using long 
handled forceps . Use sterile gauze or lap sponges to absorb 
excessive liquid if needed . 
[ 0251 ] 11. Record the end time for surface decontamina 
tion . 

Empty Mass of all TRANSFER - PACKS ( g ) ( Ax6 ) , and 
Total Mass of BM Extract ( g ) ( B - C ) . 
[ 0263 ] 5. Intermediate Accountability : Total Mass of BM 
Extract > 1800 g ( if yes , proceed ; if no alert supervisor ) . 
[ 0264 ] 6. Close the clamp on the extra 2000 mL TRANS 
FER - PACK and save for later use . 
[ 0265 ] 7. Visually inspect the bone marrow ( BM ) in each 
TRANSFER - PACK to confirm there are no visible grindings 
or soft tissue . If excessive clumping is observed during 
filtration , notify area management . 
[ 0266 ] 8. Identify the first TRANSFER - PACK filtered . 
Mix TRANSFER - PACK by inversion and then remove 0.3 
mL of BM using a 1 mL syringe inside BSC . Place sample 
in a pre - labeled tube with the ISBT # and “ QC 1 " along with 
the date and time . Submit sample to QC for testing on the 
Sysmex Hematology Analyzer . Record results below and 
calculate the TNC ( use same number of significant figures 
from QC1 Sysmex WBC concentration ) . Processing may 
proceed prior to obtaining this result . Note : Assume density 
of 1 g / ml . 
[ 0267 ] 9. Seal the tubing near the connector on the end of 
each of the six TRANSFER - PACKs collected and label with 
the ISBT # . 
[ 0268 ] 10. Record the filtration end time . C. Bone Grinding 
E. Removal of Fat [ 0252 ] 1. Document the device used for grinding VBs and 

set up per EO - 4 Bone Grinder Operation and Maintenance 
or EO - 39 CCF Bone Grinder . 
[ 0253 ] 2. Record the grinding start time . 
[ 0254 ] 3. Obtain 1 L Grind media prepared at the begin 
ning of the process . 
[ 0255 ] 4. Pour -300 mL of Grind Media into one sterile , 
stainless - steel pitcher . This pitcher will be called “ Pitcher 1 ” 
and will contain cut VB pieces . Pour -300 mL of Grind 
Media into another pitcher or catch pan named “ Pitcher 2 ” , 
to catch grindings . An additional -300 mL will be used for 
rinsing through grinder while grinding . The remaining -100 
mL of Grind Media will be set aside for final rinsing of 
grinder and Pitcher 2 after all pieces are ground . 
[ 0256 ] 5. Place Pitcher 2 underneath the grinder head . 
[ 0257 ] 6. Using a clean drape and gloves donned , cut VBs 
into pieces of adequate size for the grinder using hand 
cutting tool . Cut pieces should immediately be submerged in 
Pitcher 1 with Grind Media . 
[ 0258 ] 7. Verify that 1 L of grind media was used and is 
in Pitcher 2. Turn off grinder and record the grinding end 
time . 

[ 0269 ] 1. Pair up TRANSFER - PACKs and use taring 
sticks so that the centrifuge is balanced prior to operation . 
Use volume compensating plates to prevent creasing of bags 
during centrifugation . 
[ 0270 ] 2. Set the centrifuge to 500xg for 15 minutes at 
room temperature , with a brake setting of 4. Centrifuge 
TRANSFER - PACKs with tubing down . 
[ 0271 ] 3. While TRANSFER - PACKS are in the centri 
fuge , remove all drapes and supplies from the BSC nd clean 
all surfaces with 70 % isopropyl alcohol ( IPA ) . 
[ 0272 ] 4. Carefully remove TRANSFER - PACK , one at a 
time , from the centrifuge and hang on a ring stand . 
[ 0273 ] 5. Weld on an empty , new 600 mL Fenwal bag 
( post - fat intermediate bag ) to the centrifuged TRANSFER 
PACK . Label the new post - fat intermediate bag with the 
ISBT # . Inspect the weld prior to proceeding . 
[ 0274 ] 6. With the centrifuged TRANSFER - PACK hang 
ing on one ring stand , place a bag clamp just below the fat , 
and open the weld on the tubing and drain pellet into new 
post - fat intermediate bag . Agitate the pellet and spike ports 
gently to resuspend all pellet . Allow at least half of the 
volume from the centrifuged bag to drain into the post - fat 
intermediate bag before proceeding . Note : It is best practice 
to not allow all the liquid to drain out from above the clamp 
If liquid seems to be draining quickly , use one hand to press 
the clamp closed to slow the draining of liquid . 
[ 0275 ] 7. Close the tubing with a hemostat or tube sealer . 
[ 0276 ] 8. Weld the next centrifuged TRANSFER - PACK 
onto the same post - fat intermediate bag used to collect the 
pellet in E.6 . Leave enough tubing on this bag for future 
welds . 
[ 0277 ] 9. Repeat E.6 . - E.7 . 
[ 0278 ] 10. For the next two centrifuged TRANSFER 
PACKs , repeat E.4 . - E.9 . creating the second post - fat inter 
mediate bag . 
[ 0279 ] 11. Repeat E.4 . - E.9 . for the final two centrifuged 
bags creating a third post - fat intermediate bag . 

D. Filtration 

a 

[ 0259 ] 1. Open a Bone Marrow Collection Kit and record 
the mass of one empty , 600 mL TRANSFER - PACK using 
the VWR - 3000P balance . Empty Mass of 600 mL TRANS 
FER - PACK . 
[ 0260 ] 2. Assemble the bone marrow filtration kit and 
perform the bone marrow extraction following Bone Mar 
row Collection and Filtration of Example 1 using a total of 
1000 mL of Rinse Media ( 2x500 mL ) . Note : Total media 
volume after is 2 L ( 1 L Grind media and 1 L Rinse Media ) . 
[ 0261 ] 3. Document the mass ( g ) of each filled 600 mL 
TRANSFER - PACK and calculate the total mass of all 6 
TRANSFER - PACKS . 
[ 0262 ] 4. Calculate the total mass of bone marrow ( BM ) 
extract : Total Mass ( g ) ( D.3 [ B ] ) , Empty Mass ( g ) ( D.1 [ A ] ) , 
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F. Concentrate [ 0293 ] 4. Calculate the TNC % Yield to one decimal place 
for QC2 TNC Count ( G.3 [ N ] ) ; QC1 ( D.8 [ F ] ) ; and % 
Yield = ( N + F ) x100 . 

H. Determining the Number of Bags 
[ 0294 ] 1. Record the QC2 TNC count from [ G.3 ( N ) ] . 
Calculate the total volume needed ( one decimal place ) , Total 
Volume Needed ( mL ) [ N- ( 140x106 ) ] . NOTE : If the volume 
is less than 228.9 mL , alert production supervisor . 
[ 0295 ] 2. Determine the number of bags and vials to 
prepare using the total volume needed previously . 
[ 0296 ] 3. Calculate the volume of freeze media needed , 
volume of Rinse Media , and volume of DMSO to add . 
Round calculated numbers to one decimal place ( Total 
Volume Needed 
[ 0297 ] ( H.1 [ P ] ) ; Mass of BM Extract [ G.2.J ] ( g is 
approximately ml ) ; Total Vol . Freeze Media ( Q - R ) ; Vol . of 
DMSO ( Qx0.1 ) ; and Vol . of Rinse Media ( S - T ) . Note : 
Assume density of BM extract is 1 g / ml . 

a 

[ 0280 ] 1. Set the centrifuge to 500xg for 15 minutes at 
room temperature , with a brake setting of 4. Centrifuge 
post - fat intermediate bags with tubing up . Use volume compensating plates to prevent creasing of bags during 
centrifugation . 
[ 0281 ] 2. Carefully remove a post - fat intermediate bag 
from the centrifuge and hang on the plasma press . Only 
remove one bag at a time from the centrifuge . 
[ 0282 ] 3. For each bag centrifuged , weld on a 1000 mL 
waste bag ( label as “ Waste ” ) and use the plasma extractor to 
remove the supernatant into the waste bag . Use a hemostat 
to clamp tubing as soon as the pellet breaks or when the 
pellet rises close to the top . 
[ 0283 ] 4. Seal the tubing and cut through to remove the 
post - fat intermediate bag from the waste bag , leaving 
enough tubing attached for welding . Weld on a female lure 
extension . 
[ 0284 ] 5. Repeat F.2 . - F.4 . for each post - fat intermediate 
bag . 
[ 0285 ] 6. Discard waste bags in biohazard trash bag . 
[ 0286 ] 7. Label a new , empty 2 L bulk bag from the BM 
filtration kit with the ISBT # , then measure and record the 
mass . If the bag is removed from the BSC for weighting , 
clean the luer connection with sterile alcohol after returning 
to the BSC . Wait until dry before proceeding . 
[ 0287 ] 8. For the following materials , spray with 70 % IPA , 
place inside the BSC and wait until dry before proceeding : 
50 mL syringes ( 3 ) , 30 mL syringe , 50 mL conical tube and 
rack , Rinse Media . 
[ 0288 ] 9. Combine pellets from each of the three small 
bags into the pre - weighed bulk bag using a new 50 mL 
syringe for each small bag . Note : Press down on the plunger 
of the syringe slowly and avoid creating bubbles . 
[ 0289 ] 10. Aseptically transfer 25 mL of rinse media into 
a 50 mL conical tube . Use a new 30 mL syringe to rinse each 
bag serially with –20 mL of Rinse Media and add to the bulk 
bag . Note : A 50 mL syringe may be used to carry volume 
between bags if 30 mL syringe is too small . 

I. Cryoprotectant Addition 
[ 0298 ] 1. Prepare the freeze media using rinse media 
prepared per B - 6 of and 100 % DMSO . Add the volume of 
rinse media calculated in H.3 [ U ] to a sterile bottle labeled 
“ Freeze Media ” with the date prepared . 
[ 0299 ] 2. Add the volume of DMSO calculated in H.3 [ T ] 
to the freeze media bottle . Gently invert the bottle once to 
mix . 
[ 0300 ] 3. Record the temperature of the Freeze Media . 
[ 0301 ] 4. If temperature of the Freeze Media is > 25.0 ° C. , 
wait until the temperature of the Freeze media decreases to 
< 25.0 ° C. Record the new temperature of the Freeze Media 
prior to use if applicable . 
[ 0302 ] 5. Inside BSC place the BM bulk bag on a rocker 
for mixing . Remove the plunger of a large syringe and 
connect to the lure port on the bulk bag . Keep the syringe 
upright during the entire addition . 
[ 0303 ] 6. Calculate the volume of Freeze media to add per 
minute to the bulk bag as determined by volume of Freeze 
Media ( H.3 . [ S ] ) and volume to Add per Minute ( Sx0.1 ) . 
[ 0304 ] 7. Set a timer for 10 minutes and begin adding 
freeze media through the syringe at a rate of 10 % of the 
freeze media volume per minute , calculated in 1.6 . 
[ 0305 ] 8. Record the start and end time of the DMSO 
addition . Aim for elapsed time between 9-11 minutes . J. 
Cryopreservation 
[ 0306 ] 1. Determine the number of cryopreservation bags 
and surrogate vials needed . Close clamps and label yo 
preservation bags with the prepared product labels , contain 
ing the ISBT number , product name , and date processed . 
Note : Label is placed inside the pocket on the top right of 
each bag . Use the tube sealer to tack the pocket so that the 
label will not fall out . 
[ 0307 ] 2. Use a 10 ml syringe to pull the entire volume for 
surrogate vials needed and fill with bone marrow ( 1 ml per 
vial ) . 
[ 0308 ] 3. For each cryopreservation bag , inside the BSC , 
use a new 100 ml syringe to fill the bag with 65 ml of bone 

G. Sampling and Accountability 
[ 0290 ] 1. On the bulk bag , open the clamp and drain BM 
extract in the tubing back into the bag . Invert bag three times 
minimum to mix , ensuring all pellet is resuspended . Remove 
about 0.5 mL of BM extract using a 1 mL syringe inside 
BSC . Place sample volume in a pre - labeled sterile sample 
tube with the ISBT # and “ QC2 ” along with the date and 
time of sample collection . Submit sample to QC for testing , 
along with at least 50 mL of Rinse Media . Record the time 
samples were submitted for testing . 
[ 0291 ] 2. Measure and record the mass of the bulk bag of 
bone marrow extract . Subtract the empty mass from the 
filled mass to get the mass of BM extract ( one decimal 
place ) , including empty mass [ G ] ( g ) , filled mass [ H ] ( g ) , 
and mass of BM extract [ H - G ] ( g ) . 
[ 0292 ] 3. Record results from QC2 printout below and 
calculate QC2 concentration and the QC2 TNC Count ( use 
the same number of significant figures from QC2 Sysmex 
WBC concentration for QC2 TNC Count ) . Note : Assume 
density of 1 g / mL , including QC2 Sysmex WBC Concen 
tration ( cells / ?L ) ; QC2 Dilution Factor ; QC2 Concentration 
( cells / mL ) ( KxLx1000 ) ; and QC2 TNC Count [ MxG.2 ( J ) ] . 

a 

marrow . 

[ 0309 ] 4. Unscrew the syringe to allow the tubing to drain 
back into the bag , then re - attach the syringe and draw air out 
of the bag while holding system upright . 
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[ 0310 ] 5. Clamp tubing when bone marrow fills tubing , 
just before passing the Y connector . Discard syringe and 
replace cap . 
[ 0311 ] 6. Mix the bulk bag by inversion before removing 
more volume . Repeat J.3 - J.5 for each cryopreservation bag 
of product to prepare . 
[ 0312 ] 7. Record the actual number of bags prepared . 
[ 0313 ] 8. If there is bone marrow left in the bulk bag , vials 
for research use may be prepared . Label the required number 
of 5 mL cryovials and fill each one with 5 mL of BM by 
syringe or pipette . 
[ 0314 ] 9. Use the tube sealer to seal the tubing to create 
four segments on each product bag for cryopreservation . 
[ 0315 ] 10. Record the end time for bagging . Note : Product 
and samples must be frozen as quickly as possible after 
addition of DMSO . 
[ 0316 ] 11. Notify QC that bags are ready for cryopreser 
vation . Note : QC will perform a packaging inspection prior 
to freezing product bags . 
[ 0317 ] 12. For each cryopreservation bag , cut through the 
seal in the tubing to remove 4 segments . 
[ 0318 ] 13. Document SmartCool boxes and Green Cool 
Cells used . 
[ 0319 ] 14. Record the date and time the cassettes and 
samples were placed in the freezer . 
[ 0320 ] 15. Document Purple CoolCells used and freeze 
vials prepared for research use according to Cryopreserva 
tion ( I ) of Example 1. Record the date and time vials were 
placed in the freezer . 

a 

bone grindings were digested with either 0 or 50 microgram / 
ml of the C1 : C2 combination at the ratio of 35:15 in 
combination with 4.9 U / ml neutral protease . To evaluate the 
requirement for neutral protease , 50 micrograms / ml of 
C1 : C2 at the ratio of 35:15 was used in the absence of 4.9 
U / ml neutral protease . 
[ 0324 ] Additionally , The volume of enzyme solution to 
bone fragment weight was assessed using ratios of 1 : 1 , 
2.5 : 1 , 5 : 1 , 7.5 : 1 , 10 : 1 , and 15 : 1 ( volume : weight ) . Digestion 
time was evaluated by incubating bone fragments with 
protease solution for 1 , 1.5 , 2 , 2.5 , and 3 hours . The 
digestion protocol used is described below . 
[ 0325 ] All experimental digestion was accomplished by 
incubating tubes for 10 minutes in a water bath set at 37 ° C. 
and then transferred to a shaking incubator and incubated for 
an additional 120 minutes at 37 ° C. while shaking 100 
rpm . Protease activity was then neutralized by adding 2 ml 
of Stemulate ( Cook Regentec ) and suspensions were filtered 
through a 70 - micron tube top filter into 50 ml conical screw 
cap tubes . The filter - retained bone fragments were washed 
with 25 ml DPBS which was combined with the original 
filtrate . Tubes were centrifuged at 350 rpm for five minutes , 
supernatant aspirated , and the pellets are resuspended in 10 
ml DPBS . The suspension was centrifuged again at 350 rpm 
for five minutes , supernatant aspirated , and the pellet resus 
pended in DPBS for cell count analysis . 
[ 0326 ] Cell count analysis was performed by a Cellometer 
Vision ( Nexcellom ) to determine total viable cell counts . 20 
microliters of AOPI were added to an Eppendorf tube 
containing 20 microliters of cells . Once mixed , 20 microli 
ters of the solution were added to a Cellometer slide and 
total cells , live cells , and viability were calculated . 
[ 0327 ] With respect to NPA for digestion and MSC recov 
ery , it was determined that the maximum neutral protease 
activity ( NPA ) tested ( 19.6 U / ml ) was the best under these 
conditions based total viable VBA - MSC counts recovered 
per gram of bone digested represented in FIG . 7. Cell counts 
in freshly digested bone are enumerated and cells were 
plated at 100,000 / cm2 in a T - 225 flask . Cells were 
trypsinized at -90 % confluency and counted . 
[ 0328 ] With respect to collagenase activity on MSC cell 
yield , it was found that the total viable MSC cell count was 
insensitive to collagenase concentration in the range used 
( FIG . 8 ) . 
[ 0329 ] Based on total viable cell counts recovered from 
digested bone it can be concluded that a ratio of 5 : 1 
( volume / weight ) yielded the highest number of viable cells 
( Table 2 ) . Incubation times of 2.5 hours produced the highest 
viable cell yields ( Table 3 ) . 

Example 2 

Optimizing Digestion and MSC Recovery from 
Vertebral Bone Fragments Using a Combination of 

Purified Collagenase and Neutral Protease 
[ 0321 ] The scope of this experiment encompassed the 
investigation of a ratio and concentrations of collagenase 
and neutral protease for vertebral bone digestion and MSC 
recovery . The ratio and concentrations of collagenase and 
neutral protease was determined using DE collagenase ( Vi 
tacyte ) , wherein DE collagenase was comprised of purified 
Clostridium histolyticum collagenase and Paneibacillus 
polymyxa neutral protease . To determine the neutral protease 
activity ( NPA ) , collagenase concentration was held constant 
at 0.4 U / ml while varying the neutral protease concentration 
between 2.4 and 19.6 U / ml . The specific neutral protease 
concentrations used were 2.4 , 3.3 , 4.9 , 9.8 and 19.6 U / ml . 
[ 0322 ] To determine the collagenase concentration for 
maximizing liberation of MSC from bone fragments , a 
series of tubes with a set neutral protease concentration and 
increasing collagenase concentrations was prepared . The 
collagenase concentrations used were 0.05 . 0.1 , 0.15 , 0.2 , 
0.25 , 0.3 , 0.35 , 0.4 , 0.8 , 1.2 and 1.6 U / ml . 
[ 0323 ] Different concentrations and ratios of recombinant 
collagenase isoforms C1 and C2 were also purchased from 
Vitacyte . Total collagenase ( C1 and C2 ) concentrations 
tested were 25 , 32.5 , 47.5 , 42.5 , 50 , 65 , 77.5 , 85 and 100 
micrograms / ml . The mass ratios of C1 and C2 for each 
concentration were 70:30 , 54:46 , 37:63 , 82:18 , 70:30 , 54:46 , 
90:10 , 82:18 and 70:30 , respectively . For each concentra 
tion , neutral protease activity ( NPA ) was held constant at 4.9 
U / ml . To evaluate the dependence of cell recovery on 
collagenase , the recombinant form ( devoid of any potential 
protease contamination ) was used . Vertebral bone fragments 

TABLE 2 

Varying the ratio of protease solution volume to bone weight . 

Ratio VTNC / g bone 
1 : 1 

2.5 : 1 
5 : 1 

7.5 : 1 
10 : 1 
15 : 1 

5.99 x 107 ? 

3.63 x 107 
5.75 x 107 
5.43 107 
4.75 x 107 
5.49 x 107 ? 
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TABLE 3 

Optimizing digestion time 

Time ( hr ) VTNC / g bone 
1 
1.5 
2 
2.5 
3 

6.27 x 107 
6.97 x 107 
7.73 x 107 
8.34 x 107 
7.90 x 107 

enhanced nerve regeneration , an important component of 
VCA graft retention . The orthotopic hind limb transplant 
model implemented successfully provided a yield of 100 % 
long - term animal survival in syngeneic donor - recipient 
combinations as well as demonstrated a characteristic pat 
tern of graft acceptance and rejection in the allogeneic 
setting 
[ 0333 ] This highly reliable mouse model for reconstruc 
tive transplantation provided a versatile immunological 
model system of a genetically defined inbred and transgenic 
mouse strain which opened the possibilities for diagnostic 
and interventional studies with translational impact on clini 
cal VCA . 

Example 3 

Example 5 

The Combined Immunomodulatory Effect of 
VBA - MSC and BM In Vivo in a Mouse Orthotopic 

Hind Limb Model 
a 

In Vitro Evaluation of vBA - MSCs Allogeneic and 
Xenogenic T Cell Modulatory Mechanisms 

[ 0330 ] The scope of the experiment described is to evalu 
ate the potent immunomodulatory properties of human vBA 
MSC for suppression of xenogeneic T cell activation ( FIG . 
9 ) as well as for facilitating chimerism . Evaluating human 
VBA - MSC in a murine model as employed in this experi 
ment allows for testing the actual therapeutic agent rather 
than the murine surrogate MSC . This is especially important 
given the fundamental difference in murine MSC immuno 
modulatory mechanisms compared to human MSC . Thera 
peutic action of xenogeneic MSC in immunocompetent 
models has been established previously . In addition to 
determining TEFF suppression , induction of TREG cells , 
are evaluated since these cells are important for graft sur 
vival as well as peripheral tolerance . 
[ 0331 ] Human and murine VBA - MSC suppression of anti 
gen - independent and dependent activated murine lympho 
cytes are determined by analyzing peripheral blood mono 
nuclear cells ( PBMC ) isolated from BALB / c ( stimulator ) 
and C57B1 / 6 mice ( responder ) mice . Suppression of CD3 / 
CD28 - activated BALB / c CSFE - labeled PBMC is initially 
evaluated to establish a VBA - MSC : PBMC response curve 
( FIG . 9 ) . Next , mixed lymphocyte reaction reactions ( MLR ) 
were performed with mitomycin - treated BALB / c PBMC 
and CSFE - labeled C57B1 / 6 PBMC ( CFSE MLR ) . For both 
assays , responder cells are plated with activators after pre 
attaching VBA - MSC and incubated for 4 days before ana 
lyzing for T cell proliferation . In separate experiments , 
TREGS and TEM cells populations are identified by flow 
cytometry using the respective antibody combinations of 
CD4 + FoxP3 + ( eBioscience mouse regulatory T cell kit ) and 
CD8 + CD25 - CD45RO + ( BD ) . It can be expected to observe 
levels of suppression with human VBA - MSCs similar to the 
results obtained for murine VBA - MSCs as seen in FIG . 9 . 

[ 0334 ] It has been previously shown that human VBA 
MSC promote chimerism in irradiated mice receiving lim 
iting doses of whole BM ( FIG . 10 ) . Very low levels ( < 1 % ) 
of chimerism were observed in BM of mice treated with 
20,000 murine BM cells only . Chimerism increased to > 8 % 
with human VBA - MSC co - treatment . 
[ 0335 ] This experiment builds off successes with abrogat 
ing specific immune responses , described in Example 3 and 
Example 4 , using each modality to be tested in an estab 
lished mouse orthotopic hind limb VCA model . All mice 
utilized in the experiment received a short - course ( 21 day ) 
treatment with rapamycin ( 0.6 mg / kg ) . Postoperatively , 
mice are treated as described in the Table 4 , with the VCA 
occurring on DO ( “ Day 0 ° ) . 

TABLE 4 

Treatment and Control Groups 

rapa CTLA4 
Grp ( D0-21 ) Ig 

Murine BM 
( D14 ) 

Human 
VBA - MSC 

1 
2 
3 
4 
5 
6 
7 

No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

No 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 

No No 
No No 
Yes No 
Low dose ( 0.5 x 109 ) No 
Mid dose ( 1 x 10 ) No 
High dose ( 2 x 106 ) No 
Low dose ( 0.5 x 106 ) Yes ( D14 , D17 ) 
Mid dose ( 1 x 10 ) Yes ( D14 , D17 ) 
High dose ( 2 x 106 ) Yes ( D14 , D17 ) 
No Yes ( D14 , D17 ) 

8 
9 

10 

Example 4 

Whole BM Transfusion and Co - Stimulation 
Blockade Effectively Modulate Immune Response 

to Animal Model VCA 

[ 0332 ] It has been previously demonstrated that whole BM 
transfusion and co - stimulation blockade effectively modu 
late the immune response to VCA when combined with other 
immunosuppressive modalities in large and small animal 
models as well as reduced requirement from immunosup 
pression in human Success with these less toxic immuno 
therapies in VCA was demonstrated successfully with kid 
ney and orthotopic hind limb transplantation models . 
Additionally , such BM - derived MSC infusions showed 

[ 0336 ] Treatments with combinations of BM , VBA - MSC 
and CTLA4 - ig at times relevant to the clinical scenario 
requiring delayed BM and vBA - MSC infusion . Mice are 
randomly assigned to experimental groups ( Table 4 ) . 
[ 0337 ] Surgical techniques and animal procedures 
involved recipient C57B1 / 6 mice who receive fully mis 
matched hind limbs from donor BALB / c mice . Transplanted 
mice are monitored frequently over the first 4 hours and then 
daily thereafter until the end of the study at 120 days . 
Attrition due to mortality or morbidity in these surgical 
models was < 10 % . 
[ 0338 ] For isolation of whole BM , donor BALB / c mice 
are euthanized and hind and fore limbs are removed and 
placed in plastic bags , which are placed in an insulated 
cooler with ice to be transported to appropriate clinic 
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as described above . Grafted limbs are processed separately . 
Chimerism of BM and engraftment of human VBA - MSC is 
evaluated by flow cytometry . The mononuclear fraction of 
whole BM and digested bone fragments was enriched by 
density gradient centrifugation with ficoll . The buffy coat is 
lysed and cells are labeled with fluorescently conjugated 
antibodies for flow cytometry . Whole BM is labeled with 
antibodies for CD45 , H2b ( C57b1 / 6 recipient ) and H2d 
( BALB / c donor ) . Evidence of chimerism is determined 
through detection of CD45 + H2d + cells in a background of 
CD45 + H2b + . The enriched digested bone fragments are 
labeled with the same markers as above with the inclusion 
of human specific CD73 and CD90 antibodies to detect 
VBA - MSC . Evidence of vBA - MSC persistence is deter 
mined based on the detection of CD45 - huCD73 + huCD90 + 
cells . For MSC analysis a portion of the digest is plated at 
3x105 cells / ml in Mesencult to select adherent cells which 
are expanded to P1 for flow analysis as described above . 
[ 0345 ] It is found that a combination BM ( any dose ) and 
VBA - MSC results in > 80 % graft survival for 120 days and 
mice exhibit tolerance to 2 ° skin grafts and lack alloantigen 
reactivity . 

Example 6 

surgical suite . BM is isolated in a dedicated research space 
that is physically separated from the clinical tissue process 
ing facilities . 
[ 0339 ] BM is obtained by flushing BALB / c donor mouse 
humeri and femora with RPMI medium . Total nucleated 
counts and viability is determined . Banked human VBA 
MSCs are obtained from cleaned and rinsed deceased donor 
VB fragments ( FIG . 11 ) digested with DE10 collagenase 
( Vitacyte , Indianapolis , Ind . ) and expanded in Mesencult 
medium ( Stem Cell Techonologies ) . Cells are cryopreserved 
at P2 after confirming quality by flow cytometery and 
CFU - F analyses . The low passage VBA - MSC used in this 
experiment is relatively small in size size ( average , 13 um , 
range 6-29 um ) and are found to be well tolerated by 
recipient mice following intravenous delivery ( FIG . 10 ) . 
[ 0340 ] Groups 2-10 mice receive intraperitoneal ( i.p. ) 
injections of rapamycin ( 0.6 mg / kg ) for 21 days beginning 
immediately after transplantation . Groups 3 mice receive i.p 
injections of CTLA4 - Ig ( belatacept ) on days 0 , 2 , 4 and 6 
( 500 ug ip on day 0 and 250 ug thereafter ) . Whole BM from 
BALB / c mice ( low dose , 5x10 % ; middle dose , 1x10 ° ; high 
dose , 2x10 total nucleated cells ) is injected via the retro 
orbital plexus on day 14. Human VBA - MSC is similarly 
injected on days 14 and 17. The high dose is chosen based 
on previous data demonstrating that this number of cells / 
body mass induced significantly reduced the allo - reactive 
immune response when injected individually . Lower BM 
doses are tested with a vBA - MSC dose that facilitated 
chimerism of congenic cells ( FIG . 10 ) . 
[ 0341 ] Blood samples ( 25 ul ) are withdrawn by cheek 
bleeding at weekly intervals and used for flow cytometric 
analysis of T cell subtypes . TREGS and TEM cells popu 
lations are identified by flow cytometry using the respective 
antibody combinations of CD4 + FoxP3 + ( eBioscience 
mouse regulatory T cell kit ) and CD8 + CD25 - CD45RO + 
( BD ) . Lymphocytes are assessed for alloantigen reactivity . 
BALB / c or C3H enriched stimulator T cells are incubated 
with CSFE - labeled responder T cells from C57B1 / 6 mice . 
The cultures are incubated for 4 days and analyzed for T cell 
proliferation as described above . 
[ 0342 ] Allografts are monitored clinically by daily inspec 
tion . Graft acceptance is indicated by hair growth and intact 
transplanted skin . Graft rejection is indicated by skin ery 
thema / necrosis and complete hair loss . Rejection is further 
confirmed by skin biopsies and histology . Donor antigen 
specific immune tolerance is tested by secondary skin graft 
ing on VCA recipients with grafts surviving to 120 days . 
Full - thickness tail skin ( 1 cm ) from BALB / c ( H2d ; donor 
matched ) or C3H ( H2k ; third - party ) mice is transplanted 
onto the back of C57B1 / 6 ( H2b ) recipients and secured with 
6-0 prolene sutures . Skin graft survival is assessed daily by 
clinical inspection . Rejection is indicated by erythema and 
complete necrosis of the skin graft . 
[ 0343 ] Immune monitoring assays ( Luminex ) are per 
formed to investigate modulation of the immune response 
against donor antigens , or development of donor specific 
unresponsiveness , and to assess the immunocompetence of 
the recipient following transplantation . Peripheral blood 
mononuclear cells ( PBMC ) are isolated from recipient blood 
and plated in mixed lymphocyte reaction ( CFSE MLR ) . 
Humoral reactivity is assessed by flow cytometric detection 
of serum antibody binding to donor and third party PBMC . 
[ 0344 ] At the end of the study mice are sacrificed and fore 
and hind limbs are collected for isolation of BM and MSC 

VBA - MSC Induced Immune Tolerance in a Mouse 
Heterotopic Heart Transplantation Model 

[ 0346 ] The scope of this experiment encompasses the 
evaluation of a combined immunomodulatory effect a com 
position of vBA - MSC and BM exhibit in an in - vivo mouse 
heart transplantation model . Unlike VCA , the heart is not a 
pro - tolerogenic organ and , thus , represents a higher hurdle 
for tolerance induction . Nonetheless , there have been pre 
clinical successes with prolonging survival of mismatched 
hearts in small animal models using BM transplantation to 
establish mixed chimerism . It has been shown previously 
that a murine cervical heart transplant model is capable to 
elucidate the immunological mechanisms of solid organ 
allograft survival in combination with costimulatory block 
ade and donor - specific blood infusion . Survival of mis 
matched hearts using this scheme have shown to correlate 
with enhanced intra - graft indolamine 2,3 deoxygenase 
( IDO ) expression and TREG cell infiltration . This finding 
suggests a high probability of efficacy with VBA - MSC 
infusion along with establishing mixed chimerism , given the 
well - known immunomodulatory properties of MSC , includ 
ing IDO expression and TREG modulation . Based on the 
findings from Example 5 , the novel combination in mis 
matched heart transplantation is tested . 
[ 0347 ] Surgical techniques and animal procedures for the 
modified mouse cervical heart transplantation model hold a 
major advantage of less occurrences of anastomosis related 
complications such as hemorrhages and thrombosis when 
compared to the abdominal transplant suture model . It was 
found that attrition due to mortality or morbidity after 
performing > 1000 such surgeries is < 20 % . 
[ 0348 ] Surgery and experimental procedures consist of 
dissecting and removing fully mismatched hearts recovered 
from deeply anesthetized donor BALB / c mice . Hearts are 
flushed with cold cardioplegic solution . The IVC and supe 
rior vena cava as well as the pulmonary veins are ligated and 
transected . Hearts are then stored in 5 ml of 4 ° C. perfusion 
solution until transplantation to the recipient . Anesthetized 
recipient C57B1 / 6 mice are prepared by shaving and disin 
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are then stored in 5 ml of 4 ° C. perfusion solution until 
transplantation to the recipient . 
[ 0353 ] Mice are randomized to the treatment groups and 
subjected to the treatment regimens as described in Example 
5. Transplanted mice are monitored frequently over the first 
4 hours and then daily thereafter until the end of the study 
at 120 days . In addition , Lymphocyte analysis , immune 
monitoring and 2 ° skin grafts are be performed as described 
in Example 5 . 
[ 0354 ] It is observed the survival of transplanted kidney in 
groups followed , ranked lowest to highest : 
untreated <<< rapamycin alone << VBA - MSC < CTLA4 - Ig + 
BM = vBA - MSC + BM ( lower doses ) < VBA - MSC + BM ( high 
est dose ) . It is found that the VBA - MSC treated group 
reached significance with respect to all other groups , dem 
onstrating > 50 % improvement in survival to the 120 day 
endpoint . 

a 

fecting before making an incision from the jugular fossa to 
the mandibula . The right external jugular vein and the right 
common carotid artery are dissected and mobilized as far as 
possible . The distal ends are ligated twice and transected 
between the two ties . Two cuffs are placed over the vessels 
( 24G arterial cuff ; 22G venous cuff ) and secured with a 
vessel clamp Both vessels are everted over the distal end of 
the cuffs and fixed with a 6-0 silk ligature . The donor heart 
is then taken out of the cold preservation solution and first 
the aorta is pulled over the arterial cuff and secured with 6-0 
silk . Thereafter , the pulmonary vein is anastomosed with the 
external jugular vein in a similar fashion . Finally , the vessel 
clamps are removed , and the heart allowed to reperfuse . 
[ 0349 ] Mice are randomized to the treatment groups and 
subjected to the treatment regimens as described in Example 
5. Transplanted mice are monitored frequently over the first 
4 hours and then daily thereafter until the end of the study 
at 120 days . The function of the heart is assessed daily by 
visual and palpatory assessment for re - beating time the 
time between reperfusion and first signs of cardiac contrac 
tions ( either of the ventricle or atrium ) . In addition , cardiac 
function is assessed at after transplantation using a modified 
functional score ( score 0 : no beating , score 1 : fibrillations , 
no real contractions , score 2 : weak or partial contractions , 
score 3 : homogenous contractions of both ventricles at 
reduced frequency and intensity , score 4 : normal contraction 
intensity and frequency ) . Lymphocyte analysis , immune 
monitoring and 2 ° skin grafts are be performed as described 
in Example 5 . 
[ 0350 ] It is observed that the survival of transplanted 
hearts in groups followed , ranked lowest to highest : 
untreated <<< rapamycin alone << VBA - MSC < CTLA4 - Ig + 
BM = vBA - MSC + BM ( lower doses ) < VBA - MSC + BM ( high 
est dose ) . It is found that the vBA - MSC treated group 
reached significance with respect to all other groups , dem 
onstrating > 50 % improvement in survival to the 120 day 
endpoint . 

Example 8 

Phenotype of vBA - MSCs 
[ 0355 ) Cadaveric VBA - MSCs were extracted from verte 
bral bodies as described herein , specifically as described in 
Example 2. Upon extraction , the vBA - MSCs were cultured 
in the culture medium comprising alpha MEM as described 
in Table 1 , 10 % Stemulate hPL , 2 ng / mL recombinant , 
carrier free FGF , and 2 ng / mL recombinant , carrier free EGF . 
An assay was ran to test the phenotype of the cadaveric 
VBA - MSCs . The assay tested for CD45 + cells , a well 
documented phenotype specific to differentiated hematopoi 
etic cells . A monoclonal antibody of CD45 was tested with 
VBA - MSCs from three distinct donors , two distinct samples 
were generated from a single donor , one sample that was 
passaged two times , and a distinct sample that was passaged 
three times . To test the phenotype of vBA - MSCs against 
bone marrow - derived MSCs , two samples of bone marrow 
derived MSCs were also tested . The results of this assay , in 
terms of percent CD45 + cells are found in Table 5 below . 

a 

Example 7 
TABLE 5 

Donor Cell Type Passage CD45 + 

P2 
P3 
P2 

AGDF248 
AGDF248 
AGAX392 
AFLA403 
AGB2425 
AGEH235 

VBA - MSC 
VBA - MSC 
VBA - MSC 
VBM - MSC 
VBM - MSC 
VBA - MSC 

1.94 % 
1.98 % 
1.81 % 
1.75 % 
1.75 % 
1.95 % 

P4 
P1 
P3 

a 

[ 0356 ] Surprisingly , the VBA - MSC samples showed 
higher levels of CD45 + cells . 

VBA - MSC Induced Immune Tolerance in a Mouse 
Heterotopic Kidney Transplantation Model 

[ 0351 ] The scope of this experiment encompasses the 
evaluation of a combined immunomodulatory effect a com 
position of VBA - MSC and BM exhibit in an in - vivo mouse 
kidney transplantation model . Similar to VCA , the kidney is 
tolerogenic organ and , thus , pose a lower hurdle for toler 
ance induction . It has been shown previously that a murine 
kidney transplant model is capable to elucidate the immu 
nological mechanisms of solid organ allograft survival in 
combination with costimulatory blockade and donor - spe 
cific blood infusion . Survival of mismatched kidneys using 
this scheme has shown to correlate with enhanced intra - graft 
indolamine 2,3 deoxygenase ( IDO ) expression and TREG 
cell infiltration . This finding suggests a high probability of 
efficacy with vBA - MSC infusion along with establishing 
mixed chimerism , given the well - known immunomodula 
tory properties of MSC , including IDO expression and 
TREG modulation . Based on the findings from Example 5 , 
the novel combination in mismatched kidney transplantation 
is tested . 
[ 0352 ] Surgery and experimental procedures consist of 
dissecting and removing fully mismatched kidneys recov 
ered from deeply anesthetized donor BALB / c mice . Kidneys 

Example 9 

Function of vBA - MSC Compositions Comprising 
Greater than 1.75 % CD45 + Cells 

[ 0357 ] Higher CD45 + cell populations amongst a popu 
lation of MSCs are known to result in decreased MSC 
function ( e.g. lower colony forming units ) . Surprisingly , 
VBA - MSC compositions comprising CD45 + cells according 
to Table 5 showed levels of colony forming units greater 
than or substantially similar to colony forming units derived 
from a sample of bone marrow - derived MSCs . The results of 
the colony forming unit assay is described in Table 6 below . 
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TABLE 6 bone marrow - derived MSC compositions are tested for the 
same markers . The VBA - MSC compositions exhibit lower 
levels of MIC - A , MIC - B , and ULBP2 as compared to the 
bone marrow - derived MSC compositions . 

CFU - F / 
million cells Donor Cell Type Passage CD45 + 

Example 11 
AGDF248 
AGDF248 
AGAX392 
AFLA403 
AGB2425 
AGEH235 

VBA - MSC 
VBA - MSC 
VBA - MSC 
VBM - MSC 
VBM - MSC 
VBA - MSC 

P2 
P3 
P2 
P4 
P1 
P3 

1.94 % 
1.98 % 
1.81 % 
1.75 % 
1.75 % 
1.95 % 

7.56E + 05 
Data not shown 

1.67E + 05 
Data not shown 

1.04E + 05 
2.40E + 05 

Example 10 

VBA - MSC Compositions Prepared and Maintained 
as Described Herein Exhibit Greater Doubling 
Times than Conventional MSC Compositions at 

Numerous Passages 
[ 0359 ] VBA - MSC compositions were prepared from 9 
donors according to Example 2. The VBA - MSC composi 
tions were passaged up to 10 times . At each passage , the 
MSCs were plated onto either a 25 ml , 75 ml , or 225 ml flask 
at 3000 cells / cm2 . For cell counts at each passage , the MSCs 
were resuspended in either 1 , 2 , or 3 ml of buffer . The 
doubling rate of the MSCs at each passage was calculated , 
the results are summarized in Table 7. Donor's with no 
passage 1 ( P1 ) entry were removed from cryopreservation as 
described herein . 

a 
VBA - MSC Compositions Comprise Lower Levels 
of Senescent Cell Markers as Compared to Bone 

Marrow - Derived MSC Compositions 
[ 0358 ] VBA - MSC compositions are prepared according to 
the disclosure described herein , specifically Example 2 . 
Samples from these compositions are tested for senescent 
cell markers MIC - A , MIC - B , and ULBP2 . As a control , 

2 

TABLE 7 

Days Viable 
Between TNCs / 
Passage ml 

Total 
TNC / 
ml 

Total 
Viable 
TNCs 

Cells 
Lifted / 
cm2 

Total 
Cells 

Doubling ?? 
( Hours ) Donor Passage N LN Time 

AGGM039 P1 
P2 
P3 
P4 

4.00 
2.95 
3.88 
3.91 
4.09 
3.90 
4.02 
4.09 
3.99 

2.28E + 06 
4.25E + 06 
2.06E + 06 
1.14E + 06 
1.23E + 06 
1.15E + 06 
1.11E + 06 
9.76E + 05 
8.54E + 05 

2.48E + 06 
4.51E + 06 
2.18E + 06 
1.26E + 06 
1.32E + 06 
1.24E + 06 
1.16E + 06 
1.02E + 06 
9.14E + 05 

4.56E + 06 
4.25E + 06 
2.06E + 06 
1.14E + 06 
1.23E + 06 
1.15E + 06 
1.11E + 06 
9.76E + 05 
8.54E + 05 

4.96E + 06 
4.51E + 06 
2.18E + 06 
1.26E + 06 
1.32E + 06 
1.24E + 06 
1.16E + 06 
1.02E + 06 
9.14E + 05 

6.61E + 04 22.04 4.46 
6.01E + 04 20.04 4.33 
8.72E + 04 29.07 4.86 
5.04E + 04 16.80 4.07 
5.28E + 04 17.60 4.14 
4.96E + 04 16.53 4.05 
4.64E + 04 15.47 3.95 
4.08E + 04 13.60 3.77 
3.66E + 04 12.19 3.61 

96.00 
70.75 
93.00 
93.75 
98.25 
93.50 
96.50 
98.25 
95.75 

21.51 
16.36 
19.13 
23.03 
23.75 
23.10 
24.42 
26.09 
26.54 

P5 
P6 
P7 
P8 
P9 
P10 

AGB2425 P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
P10 

4375119000058 P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
P10 

4375119000060 P1 
P2 
P3 

4.00 
2.95 
3.88 
3.91 
4.09 
3.90 
4.02 
4.09 
3.99 

1.95E + 06 
4.02E + 06 
2.47E + 06 
2.04E + 06 
1.64E + 06 
1.80E + 06 
2.38E + 06 
1.31E + 06 
1.86E + 06 

2.18E + 06 
4.35E + 06 
2.60E + 06 
2.22E + 06 
1.78E + 06 
1.96E + 06 
2.59E + 06 
1.43E + 06 
1.99E + 06 

3.90E + 06 
4.02E + 06 
2.47E + 06 
2.04E + 06 
1.64E + 06 
1.80E06 
2.38E + 06 
1.31E + 06 
1.86E + 06 

4.36E + 06 
4.35E + 06 
2.60E + 06 
2.22E + 06 
1.78E + 06 
1.96E + 06 
2.59E + 06 
1.43E + 06 
1.99E + 06 

5.81 E + 04 19.38 4.28 
5.80E + 04 19.33 4.27 
1.04E + 05 34.67 5.12 
8.88E + 04 29.60 4.89 
7.12E + 04 23.73 4.57 
7.84E + 04 26.13 4.71 
1.04E + 05 34.53 5.11 
5.72E + 04 19.07 4.25 
7.96E + 04 26.53 4.73 

96.00 
70.75 
93.00 
93.75 
98.25 
93.50 
96.50 
98.25 
95.75 

22.45 
16.56 
18.18 
19.18 
21.50 
19.86 
18.88 
23.10 
20.24 

4.00 
2.95 
3.88 
3.91 
4.09 
3.90 
4.02 
4.09 
3.99 

2.73E + 06 
5.63E + 06 
2.38E + 06 
1.71E + 06 
1.54E + 06 
1.57E + 06 
1.48E + 06 
1.69E + 06 
9.67E + 05 

2.95E + 06 
5.93E + 06 
2.51E + 06 
1.83E + 06 
1.67E + 06 
1.69E + 06 
1.60E + 06 
1.81E + 06 
1.01E + 06 

5.46E + 06 
5.63E + 06 
2.38E + 06 
1.71E + 06 
1.54E + 06 
1.57E + 06 
1.48E + 06 
1.69E + 06 
9.67E + 05 

5.90E + 06 
5.93E + 06 
2.51E + 06 
1.83E + 06 
1.67E + 06 
1.69E + 06 
1.60E + 06 
1.81E + 06 
1.01E + 06 

7.87E + 04 26.22 4.71 
7.91E + 04 26.36 4.72 
1.00E + 05 33.47 5.06 
7.32E + 04 24.40 4.61 
6.68E + 04 22.27 4.48 
6.76E + 04 22.53 4.49 
6.40E + 04 21.33 4.42 
7.24E + 04 24.13 4.59 
4.04E + 04 13.47 3.75 

96.00 
70.75 
93.00 
93.75 
98.25 
93.50 
96.50 
98.25 
95.75 

20.37 
14.99 
18.36 
20.34 
21.95 
20.81 
21.86 
21.39 
25.52 

P4 
P5 
P6 
P7 
P8 
P9 
P10 

4375119000073 P1 
P2 
P3 
P4 
P5 

4.00 
2.95 
3.88 
3.91 
4.09 
3.90 
4.02 
4.09 
3.99 
3.90 
3.86 
3.03 
2.96 
4.01 

3.15E + 06 
3.59E + 06 
2.38E + 06 
1.40E + 06 
1.31E + 06 
1.13E + 06 
1.43E + 06 
9.74E + 05 
8.57E + 05 
7.45E + 06 
3.59E + 06 
7.24E + 05 
8.84E405 
1.70E + 06 

3.32E + 06 
3.82E + 06 
2.45E + 06 
1.56E + 06 
1.47E + 06 
1.26E + 06 
1.55E + 06 
1.08E + 06 
9.14E + 05 
7.55E + 06 
3.81E + 06 
7.63E + 05 
9.61E + 05 
1.79E + 06 

6.30E + 06 
3.59E + 06 
2.38E + 06 
1.40E + 06 
1.31E + 06 
1.13E + 06 
1.43E + 06 
9.74E + 05 
8.57E + 05 
7.45E + 06 
7.18E + 06 
7.24E + 05 
8.84E + 05 
1.70E + 06 

6.64E + 06 
3.82E + 06 
2.45E + 06 
1.56E + 06 
1.47E + 06 
1.26E + 06 
1.55E + 06 
1.08E + 06 
9.14E + 05 
7.55E + 06 
7.62E + 06 
7.63E + 05 
9.61E + 05 
1.79E + 06 

8.85E + 04 29.51 4.88 
5.09E + 04 16.98 4.09 
9.80E + 04 32.67 5.03 
6.24E + 04 20.80 4.38 
5.88E + 04 19.60 4.29 
5.04E + 04 16.80 4.07 
6.20E + 04 20.67 4.37 
4.32E + 04 14.40 3.85 
3.66E + 04 12.19 3.61 
1.01 E + 05 33.56 5.07 
3.39E + 04 11.29 3.50 
3.05E + 04 10.17 3.35 
3.84E + 04 12.81 3.68 
7.16E + 04 23.87 4.58 

96.00 
70.75 
93.00 
93.75 
98.25 
93.50 
96.50 
98.25 
95.75 
93.50 
92.75 
72.75 
71.00 
96.25 

19.66 
17.32 
18.49 
21.41 
22.89 
22.97 
22.09 
25.53 
26.54 
18.45 
26.52 
21.74 
19.30 
21.03 
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TABLE 7 - continued 

Days 
Between 
Passage 

Viable 
TNCs / 
ml 

Total 
TNC / 
ml 

Total 
Viable 
TNCs 

Total 
Cells 

Cells 
Lifted / 
cm2 

?? 
( Hours ) 

Doubling 
Time Donor Passage N LN 

P6 
P7 
P8 
P9 
P10 
P1 
P2 
P3 

3.05 
3.07 
3.85 
5.10 
5.00 

6.73E + 05 
1.03E + 06 
1.28E + 06 
1.53E + 06 
8.89E + 05 

6.78E + 05 
1.11 E + 06 
1.39E + 06 
1.65E + 06 
9.52E + 05 

6.73E + 05 
1.03E + 06 
1.28E + 06 
1.53E + 06 
8.89E + 05 

6.78E + 05 
1.11E + 06 
1.39E + 06 
1.65E + 06 
9.52E + 05 

2.71E + 04 9.04 
4.44E + 04 14.80 
5.56E + 04 18.53 
6.60E + 04 22.00 
3.81E + 04 12.69 

3.18 
3.89 
4.21 
4.46 
3.67 

73.25 
73.75 
92.50 

122.50 
120.00 

23.06 
18.97 
21.96 
27.47 
32.73 

AGFM119 

P4 

AGEE132 

20000003 

P5 
P6 
P7 
P8 
P9 
P10 
P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
P10 

2.94 
3.05 
3.07 
3.85 
4.00 
4.07 
4.91 
4.07 
4.90 
3.94 
3.97 
3.00 
4.88 
4.07 
4.02 
3.94 
3.98 
5.80 
3.83 
3.94 
4.13 
4.91 
4.07 
4.90 
4.90 
4.06 
3.88 
2.88 
3.03 
2.97 
2.97 
5.98 
3.95 
4.11 
3.94 
3.89 
3.97 

1.97E + 06 
1.41E + 06 
1.02E + 06 
1.71E + 06 
1.30E + 06 
1.38E + 06 
1.50E + 06 
8.45E + 05 
1.10E + 06 
5.99E + 06 
4.87E + 06 
1.05E + 06 
2.75E + 06 
1.09E + 06 
8.30E + 05 
6.40E + 05 
1.20E + 06 
2.16E + 06 
3.53E + 06 
3.23E + 06 
1.52E + 06 
1.85E + 06 
7.66E + 05 
1.15E + 06 
1.78E + 06 
7.57E + 05 
1.24E + 06 
1.72E + 06 
4.25E + 06 
1.21E + 06 
2.51E + 06 
2.82E + 06 
1.61E + 06 
1.99E + 06 
2.50E + 06 
1.66E + 06 
2.60E + 06 

2.09E + 06 
1.56E + 06 
1.12E + 06 
1.87E + 06 
1.42E + 06 
1.52E + 06 
1.60E + 06 
9.16E + 05 
1.25E + 06 
6.37E + 06 
5.43E + 06 
1.12E + 06 
2.98E + 06 
1.16E + 06 
9.18E + 05 
6.91E + 05 
1.27E + 06 
2.33E + 06 
3.76E + 06 
3.71E + 06 
1.66E + 06 
2.03E + 06 
8.80E + 05 
1.35E + 06 
1.94E + 06 
8.20E + 05 
1.34E + 06 
1.86E + 06 
4.55E + 06 
1.29E + 06 
2.83E + 06 
3.21E + 06 
1.76E + 06 
2.22E + 06 
2.28E + 06 
1.83E + 06 
2.80E + 06 

5.90E + 06 
1.41 E + 06 
1.02E + 06 
1.71E + 06 
1.30E + 06 
1.38E + 06 
1.50E + 06 
8.45E + 05 
1.10E + 06 
1.20E + 07 
1.46E + 07 
1.05E + 06 
2.75E + 06 
1.09E + 06 
8.30E + 05 
6.40E + 05 
1.20E + 06 
2.16E + 06 
7.06E + 06 
9.69E + 06 
1.52E + 06 
1.85E + 06 
7.66E + 05 
1.15E + 06 
1.78E + 06 
7.57E + 05 
1.24E + 06 
1.72E + 06 
1.28E + 07 
1.21E + 06 
2.51E + 06 
2.82E + 06 
1.61 E + 06 
1.99E + 06 
2.50E + 06 
1.66E + 06 
2.60E + 06 

6.27E + 06 
1.56E + 06 
1.12E + 06 
1.87E + 06 
1.42E + 06 
1.52E + 06 
1.60E + 06 
9.16E + 05 
1.25E + 06 
1.27E + 07 
1.63E + 07 
1.12E + 06 
2.98E + 06 
1.16E + 06 
9.18E + 05 
6.91E + 05 
1.27E + 06 
2.33E + 06 
7.52E + 06 
1.11 E + 07 
1.66E + 06 
2.03E + 06 
8.80E + 05 
1.35E + 06 
1.94E + 06 
8.20E + 05 
1.34E + 06 
1.86E + 06 
1.37E + 07 
1.29E + 06 
2.83E + 06 
3.21E + 06 
1.76E + 06 
2.22E + 06 
2.28E + 06 
1.83E + 06 
2.80E + 06 

2.79E + 04 9.29 3.22 
6.24E + 04 20.80 4.38 
4.48E + 04 14.93 3.90 
7.48E + 04 24.93 4.64 
5.68E + 04 18.93 4.24 
6.08E + 04 20.27 4.34 
6.40E + 04 21.33 4.42 
3.66E + 04 12.21 3.61 
5.00E + 04 16.67 4.06 
1.70E + 05 56.62 5.82 
7.24E + 04 24.13 4.59 
4.48E + 04 14.93 3.90 
1.19E + 05 39.73 5.31 
4.64E + 04 15.47 3.95 
3.67E + 04 12.24 3.61 
2.76E + 04 9.21 3.20 
5.08E + 04 16.93 4.08 
9.32E + 04 31.07 4.96 
1.00E + 05 33.42 5.06 
4.95E + 04 16.49 4.04 
6.64E + 04 22.13 4.47 
8.12E + 04 27.07 4.76 
3.52E + 04 11.73 3.55 
5.40E + 04 18.00 4.17 
7.76E + 04 25.87 4.69 
3.28E + 04 10.93 3.45 
5.36E + 04 17.87 4.16 
7.44E + 04 24.80 4.63 
6.07E + 04 20.22 4.34 
5.16E + 04 17.20 4.10 
1.13E + 05 37.73 5.24 
1.28E + 05 42.80 5.42 
7.04E + 04 23.47 4.55 
8.88E + 04 29.60 4.89 
9.12E + 04 30.40 4.93 
7.32E + 04 24.40 4.61 
1.12E + 05 37.33 5.22 

70.50 
73.25 
73.75 
92.50 
96.00 
97.75 
117.75 
97.75 
117.50 
94.50 
95.25 
72.00 
117.00 
97.75 
96.50 
94.50 
95.50 

139.25 
92.00 
94.50 
99.00 
117.75 
97.75 
117.50 
117.50 
97.50 
93.00 
69.00 
72.75 
71.25 
71.25 

143.50 
94.75 
98.75 
94.50 
93.25 
95.25 

21.93 
16.73 
18.91 
19.94 
22.63 
22.52 
26.67 
27.07 
28.95 
16.23 
20.74 
18.46 
22.02 
24.74 
26.71 
29.50 
23.40 
28.09 
18.17 
23.37 
22.16 
24.75 
27.52 
28.18 
25.04 
28.26 
22.36 
14.90 
16.77 
17.36 
13.60 
26.48 
20.81 
20.20 
19.18 
20.23 
18.24 

20000014 

[ 0360 ] The doubling time at each passage was averaged 
across all 9 donors . The average doubling times at each 
passage can be found in Table 8 . 

TABLE 8 

positions ( prepared using standard procedures in the art ) 
from the same donor . The compositions for tested for the 
presence of classical MSC markers : CD86 , CD140B , 
CD146 , CD274 , HLA - ABC , MICA - B , ULBP2 / 5 / 6 and 
CD199 . 
[ 0362 ] Both the VBA - MSC and the BM - MSC composi 
tions expressed all of the markers , at all passages , without 
significant differences in expression level , evidencing that 
the distinct compositions maintain an “ MSC - like ” pheno 
type . 

Average P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
P10 

16.94 
21.48 
17.96 
19.19 
22.63 
23.50 
22.55 
22.97 
24.59 
25.54 

Example 13 

Example 12 
VBA - MSC Com sitions Prepared and Maintained 
as Described Herein Exhibit Similar Cell Surface 
Markers as Compared to BM - MSC Compositions 

[ 0361 ] VBA - MSC compositions were prepared from 1 
donor according to Example 2 along with vBM - MSC com 

VBA - MSC Compositions Prepared and Maintained 
as Described Herein Comprise More Cells in S 

Phase as Compared to BM - MSC Compositions at 
Passage 4 

[ 0363 ] VBA - MSC compositions were prepared from 1 
donor according to Example 2 along with vBM - MSC com 
positions ( prepared using standard procedures in the art ) 
from the same donor . The compositions were passaged at 
least 4 times and assayed for percentage of cells in either G1 , 
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G2 , or S phases of the cell cycle . The results are depicted in 
FIG . 12 indicating that the vBA - MSC compositions com 
prised more cells in S Phase as compared to BM - MSC 
compositions at passage 4. These results are consistent with 
the doubling times disclosed in Example 11 which are faster 
than conventional MSC compositions . 

Example 14 

VBA - MSC Compositions Prepared and Maintained 
as Described Herein Retain Immuno - Suppressive 
Properties Similar to BM - MSC Compositions at 

Passage 4 Upon Stimulation With IFNY 
[ 0364 ] VBA - MSC compositions were prepared from 1 
donor according to Example 2 along with vBM - MSC com 
positions ( prepared using standard procedures in the art ) 
from the same donor . The compositions were passaged at 
least 4 times , cultured with CD4 + and CD8 + T - cells , and 
assayed for T - cell suppression . T - cell suppression was rep 
resented by " fold - stimulation ” by IFNy . Fold stimulation by 
IFNy is the “ expansion index ” of ( IFNY ) unstimulated cells / 
expansion index of ( IFNy ) stimulated cells . The “ expansion 
index ” is all generations greater than or equal to 1 divided 
by ( the antilog ( base 2 ) of each generation 1 or greater + G0 ) 
e.g. , G1 + G2 + G3 , etc / ( G1 / 2 + G2 / 4 + G3 / 8 , etc + G0 ) . 
[ 0365 ] The results are depicted in FIG . 13 and indicated 
fold stimulation of > 4 - fold CD4 T cell suppression at P4 by 
VBA - MSC compositions ( VBM was 3.07 ) and > 3 - fold for 
CD8 T cells by vBA - MSC compositions ( vBM was 2.3 ) . 
[ 0366 ] While preferred embodiments of the present inven 
tion have been shown and described herein , it will be 
obvious to those skilled in the art that such embodiments are 
provided by way of example only . It is not intended that the 
invention be limited by the specific examples provided 
within the specification . While the invention has been 
described with reference to the aforementioned specifica 
tion , the descriptions and illustrations of the embodiments 
herein are not meant to be construed in a limiting sense . 
Numerous variations , changes , and substitutions will now 
occur to those skilled in the art without departing from the 
invention . Furthermore , it shall be understood that all 
aspects of the invention are not limited to the specific 
depictions , configurations or relative proportions set forth 
herein which depend upon a variety of conditions and 
variables . It should be understood that various alternatives to 
the embodiments of the invention described herein may be 
employed in practicing the invention . It is therefore con 
templated that the invention shall also cover any such 
alternatives , modifications , variations or equivalents . It is 
intended that the following claims define the scope of the 
invention and that methods and structures within the scope 
of these claims and their equivalents be covered thereby . 
What is claimed is : 
1. A method of generating a population of mesenchymal 

stem cells ( MSCs ) , the method comprising : 
a . obtaining a cadaver bone , cadaver bone fragments , or 

ground cadaver bone , optionally , preparing ground 
cadaver bone from the cadaver bone or cadaver bone 
fragments ; 

b . contacting the ground cadaver bone with a grinding 
medium under conditions sufficient to separate bone 
marrow from the ground cadaver bone ; 

c . capturing the ground cadaver bone on a filter or sieve 
and collecting a filtrate that passes thru the filter or 
sieve , thereby recovering the bone marrow ; 

d . contacting said captured ground cadaver bone with a 
digestion solution , thereby obtaining fresh MSCs from 
the captured ground cadaver bone ; and 

e . passaging a sample of fresh MSCs at least 4 times , 
wherein said sample of fresh MSCs comprise a dou 
bling rate of at least about 16 to 36 hours over said at 
least 4 passages , 

thereby generating said population of MSCs . 
2. The method of claim 1 , wherein said digestion solution 

comprises one or more distinct enzymes . 
3. The method of claim 2 , wherein said one or more 

distinct enzymes comprise a collagenase . 
4. The method of claim 3 , wherein said one or more 

distinct enzymes comprise a neutral protease . 
5. The method of claim 3 , wherein said collagenase 

comprises collagenase isoforms C1 and C2 at a ratio com 
prising more collagenase isoform C1 than collagenase iso 
form C2 . 

6. The method of claim 5 , wherein said ratio of collage 
nase isoform C1 to collagenase isoform C2 is about 30:10 to 
about 70:29 . 

7. The method of claim 6 , wherein said ratio of collage 
nase isoform C1 to collagenase C2 is 35:15 . 

8. The method of claim 4 , wherein said digestion solution 
comprises about 2 to about 20 U / ml of said neutral protease . 

9. The method of claim 8 , wherein said digestion solution 
comprises said neutral protease at an activity of about 19.6 
U / ml . 

10. The method of claim 1 , wherein said digestion solu 
tion is present at a ratio of volume to weight of said captured 
ground cadaver bone of about 1 : 1 to about 15 : 1 . 

11. The method of claim 10 , wherein the digestion solu 
tion is present at a ratio of volume to weight of said captured 
ground cadaver bone is about 5 : 1 . 

12. The method of claim 1 , wherein said digestion solu 
tion is contacted with said captured ground cadaver bone for 
up to about 2.5 hours . 

13. The method of claim 1 , wherein said population of 
MSCs comprises a doubling rate of at least about 16 to 36 
hours over each of said at least 4 passages . 

14. The method of claim 1 , wherein said population of 
MSCs are passaged at least 10 times . 

15. The method of claim 1 , wherein said population of 
MSCs comprises more than 1.75 % CD45 + cells . 

16. The method of claim 1 , wherein said population of 
MSCs comprises at least 90 % CD105 + cells . 

17. The method of claim 1 , wherein said population of 
MSCs comprises at least 90 % CD166 + cells . 

18. The method of claim 1 , wherein said cadaver bone is 
a vertebral body . 

19. The method of claim 1 , wherein the doubling rate is 
less than about 29 hours . 

20. The method of claim 1 , wherein the doubling rate is 
about 16 hours . 

a 

a 

* * 


