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Methods of Using Human Mesenchymal Stem Cells to Effect Cellular and

Humoral Immunity

FIELD OF THE INVENTION
0001 The present invention relates to methods of administering therapeutically
effective amounts of isolated populations of allogeneic mesenchymal stem cells to effect
cellular and bumoral nunmumity 10 subjects suffering from non-ischemic  dilated
cardionmyopathy.  The present invention also relates to methods of administering
therapeutically effective amounts of isolated populations of allogeneic mesenchymal stem
cells to effect cellular and humoral immunity in subjects suffering from symptoms of aging

fraelty.

BACKGROUND OF THE INVENTION

Aging Frailty and Inflammaging

[0002] Aging frailty poses a very conceming problem for the overall health and well-
being of individuals and 1s characterized as a syndrome of muliisysiem physiological
dysregulation. Aging frailty is a geriatric syndrome characterized by weakness, low physical
activity, slowed motor performance, exhaustion, and unintentional weight loss. See Yao, X.
et al., Clinics in Geriatric Medicine 27(1).79-87 (2011). Furthermore, there are many studies
showing a direct correlation between aging frailty and mflamomation.  See Hubbard, RE. er
al., Biogerontology 11(5):635-641 {2010},

[0003] Imvmmosenescence 15 characterized by a low grade, chronic systemic
inflanmuatory state koown as mflanwnaging. See Franceshi, C. ef al., Annals of the New York
Academy of Sciences 908:244-254 (2000). This heightened inflammatory state or chronic
inflammation found in aging and aging frailty leads to immune dysregulation and a complex
rernodeling of both innate and adaptive immumity.  In immuonosenescence, the T cell and B
cell repertoire is skewed resulting in an increase in CDS' T effector memory cells re-
expressing CD45ra (TEMRA} and in the CD19" late/exhausted memory B cells, and a
decrease in the CDE' Naive T cells, and in the switched memory B cells (CD27"). See
Blomberg, B.B. ef al., Immunologic Research 57¢1-3):354-360 (2013); Colonna-Romano, G.
et al., Mechanisms of Ageing and Development 130(10):681-690 (2009}, and Koch §. er al,

Immunity & Ageing: 5:6 (2008). This shift in the T cell and B cell repertoire results in a



WO 2018/089752 PCT/US2017/061031

o]
-l

refractory or less efficient immune status. It is well known that age-associated increase in
systemic inflammation (TNF-g, 1L-6, IL-8, INFy and CRP) induces imopaired B cell function.

[0004] Inflammaging has received considerable attention because it proposes a link
between immune changes and a number of diseases and conditions {(such as aging frailty)
common in old age. Circulating inflammatory mediators such as cytokines and acute phase
proteing are markers of the low-grade inflammation observed to increase with aging. These
pro-inflammatory cytokines {e.g, TNF-a, [L-6} impair the capacity of B cells to make
protective antibodies to exogenous antigens and vaccines. This impaired B cell response is
measwred by reduced class switch recombination (CSR) which is the ability of
inwnunoglobuling to switch isotype from 1gM to a secondary isotype (IgG, IgA. or igE).
Immunoglobulin isotype switching is crucial for a proper immune response as the effector
functions differ in each isotype. A key player in CSR and somatic hypermutation (SHM) is
the enzyme, activation-induced cytidine deaminase (AID), encoded by the A4icda gene.
AlD’s basic function in CSR and SHM is fo initiate breaks in the DNA by converting
cytosines to uracils in the switch and variable regions of immunoglobuling. E47, encoded by
the 7Tcfe2a {(E2A) gene, 1s a transcription factor belonging o the class T basic helix loop helix
(bHLH) proteius, also known as E proteins. Without E47 expression, the B cell specific
transcription factors EBF1 (early B cell factor) and Pax-5 (paired box protein) are not
expressed. Both E47 and Pax-5 are key transcription factors in early development for the B
cell Hineage and mature B cell function. See Hagman 1. ef al., Immunity 27(1).8-10 (2007);
Horcher M. et al., Immunity 1476 779-790 (2001); Riley R.L. ef af., Seminars in Immunology
17{5):330-336 (20035). The Pax-5 gene encodes the B cell lineage specific activator protein
{(BSAP) that is expressed at all stages of B cell differentiation, but not in terminally
differentiated B cells. Pax-5 controls B cell commitment by repressing B lineage
inappropriate genes and activating B cell specific genes making Pax-5 the B cell gatekeeper
and is exclusively expressed in the B lymphoid lineage from the commitied pro-B cell to the
mature B cell stage. The B cell specific transcription factor, Pax-5, is not only highly
iraportant in early B cell development and B cell lineage conwoutment, it is also involved m
SR

[0005] It has also been shown in humans that the amount of TNF-a made: (1) depends
on the amount of systern inflammation and (2) irapairs the ability of the same B cells to be

stimulated with mitogens or antigens. See Frasca, D. ef afl, Journal of Immunclogy
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188¢1):279-286 {2012} Thus, the immune response in subjects suffering from aging frailty is
impaired for a number of reasons.

Non-{schemic Dilated Cardiomyopathy (NIDCM)

[0006] Non-ischemic dilated cardiomyopathy (NIDCM} is a progressive disorder with
no current cure, oflen culminating in heart transplantation. See Felker, G M. ef al., The New
FEngland Jowrnal of Medicine 342:1077-84 (2000) and Kurklin, J.X. ef @/, J Heart Lung
Transplont. 35:407-412 (20163, NIDCM is a disorder with a major component of immune
dysregulation as an underlying etiology. See Efthimiadis, 1 er al, Hippokratia 15:335-342
(2011} and Meng, X ef al., Nature Reviews Cardiology 13:167-79 (2016). Cell-based therapy
for heart disease is a promusing new freatment strategy undergoing evaluation, with a major
challenge and opportunity in developing allogeneic therapy. See Patel, AN. ef al, Lancet
387:2412-21 (2016); Assmus, B. ef af., The New England Journal of Medicine 355.1222-32
{2006); Hare, I.M. ef al., J Am. Coll. Cardiol. 34:2277-86 (2009}, Heldman, AW, ef al,
JAMA 311:62-73 (2014); Perin, EC. er al. JAMA 307:1717-26 (2012); Golpanian, 8. ef i,
Physiol Rev. 96:1127-68 (2016); and Hare, J M. er al., JAMA 308:2369-79 (2012).
Mesenchymal Stem Celis

[0007] Mesenchvmal stem cells are multipotent cells able to migrate to sites of irgury,
while also being immunoprivileged by not detectably expressing major histocompatibility
complex class I (MHC-H} molecules, and expressing MHC-I molecules at low levels. See
Le Blanc, K. er al., Lancet 371(9624):1579-1586 (2008} and Klyushnenkova & e al, J
Riomed. Sci. 12¢1}.47-57 (2003). As such, allogeneic mesenchymal stem cells hold great
promise for therapeutic and regenerative medicing, and have been repeatedly shown to have a
high safety and efficacy profile in clinical tmals for multiple disease processes. See Hare,
IM. er al, Jowrnal of the American College of Cardiology 34(24).2277-2286 (2009); Hare,
JIM. et al. Tex. Heart Inst. J 36{2):145-147 (2009}, and Lalu, MM. ef al, PloS One
7(10):e47559 (2012). They have also been shown to not undergo malignant transformation
after transplantation into patients. See Togel F. ef al., American Journal of Physiology Renal
Physiology 289(1):F31-F42 (2003). Treatment with mesenchymal stem cells has been shown
to ameliorate severe grafi-versus-host disease, protect against ischemic acute renal failure,
contribuie to pancreatic islet and renal glomerular repair in diabetes, reverse fulimant hepatic
failure, regenerate damaged lung tissue, atienuate sepsis, and reverse remodeling and improve
cardiac function after myocardial infarction. See Le Blanc K. et al., Lancer 371(9624):1579-

1586 (2008); Hare, 1. M. ef al., Journal of the American College of Cardiology 54(24).2277-
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2286 (2009); Togel F. ef al., American Journal of Physiology Renal Physiology 289(1):F31-
F42 (2005); Lee R H. ef al., PNAS 103(46).17438-17442 (2006); Parekkadan, B. ef al, PloS
One 2(9).e941 (2007); Ishizawa K. ef al., FEBS Leiters 556{1-3):249-252 (2004); Nemeth K.
et al., Nature Medicine 15(1):42-49 (2009}, Iso Y. ef al., Biochem. Biophys. Res. Comm.
3343} 700-706 (2007}, Schulenn KH. e al, Eur. Hearth J. 30(22):2722-2732 (20609}, and
Heldman AW, ef al., JAMA 511(1).62-73 (2014). Furthermore, mesenchyvmal stem cells are
also a potential source of multiple cell types for use in tissue engineering. See Gong Z. ef a/.,
Methods in Mol Bio. 698279294 (2011); Price, AP. ef al, Tissue Enginecering Pari A
16{8):2581-2591 (2010); and Togel F. et al., Organogenesis 7(2).96-100 (2011}

[0008] Mesenchyvmal stern cells have iomuno-moodulatory capacity. They control
inflammation and the cytokine production of lymphocytes and myeloid-derived immune cells
without evidence of immunosuppressive toxicity and are hypo-immumogenic. See Bernardo
M.E. et al., Cell Stem Cell 13{4}:392-402 (2013).

[0009] Mesenchymal stem cells also have the capacity to differentiate not only into
cells of mesodermal origin, but into cells of endodermal and ectodermal origin. See Le Blanc
K. et al, Exp. Hematol 31(10):890-896 (2003). For example, in vitro, mesenchymal stem
cells cultured 1o airway growth media differentiate to express lung-specific epithelial

markers, e.g, surfactant protein-C, Clara cell secretory protein, and thyroid transcription

factor-1.  See Jiang Y. ef al, Nature 415(6893):41-49 {2002} and Kotion DN, e/ al,
Development 128{24):5181-5188 (2001).

[060010] In vivo studies have shown that human mesenchvmal stern cells undergo site-
specific differentiation mnto various cell types, including myocytes and cardiomyocytes, when
transplanied into fetal sheep. See Airey LA, ef al, Circulation 109(11):1401-14G7 (2004).
These mesenchymal stem cells can persist for as long as 13 mounths in moultiple tissues after
transplantation in non-immunosuppressed immunocompetent hosts.  Other in vivo studies
using rodents, dogs, goats, and baboons similarly demonsirate that human mesenchymal stem
cells xenografts do not evoke lymphocyte proliferation or systemic allo-antibody production
in the recipient. See Klvushnenkova E. et al,, J. Biomed. Sci. 12(1:47-57 (2003); Aggarwal
S. ef al, Blood 1053(4):1815-22 (2005), Augelio A ef al, Arthritis and Rheumatism
564} 1175-86 (2007}, Bartholomew A, ef al., Exp Hematol. 30{1}.42-48. (2002}, Dokic . ef
al., European Journal of Impmunology 43(7):1862-72 (2013); Gerdom E. ef al., Annals of
Neurology 61{3):219-227 {2007); Lee SH. ef al., Respiratory Research 11:16 {2010); Urban
V.8, et al, Stem Cells 26(1):244-253 (2008); Yang H. erf al., PloS One 8(7):e69129 {2013);
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Zappia E. er al., Blood 106{5):1755-1761 (2003); Bonfield T.L. ef af., American Jowrnal of
Physiology Lung Cellular and Molecular Physiology 299(6):1.760-70 (2010); Glenn 1.D. e/
al., World Journal of Stem Cells. 6(5).526-39 {2014); Guo K. ef al, Fromtiers in Cell and
Developmental Biology 2:8 (2014}, Puissant B. ef al, Rritish Journal of Haemaiology
129¢0):118-129 (2003); and Sun L. ef i, Stem Cells 27(6):1421-32 (2009). Taken as a
whole, these repeated finding of allogeneic safety and efficacy solidify the notion for using
mesenchymal stem cells as an aliograft for successful tissue regeneration.

[0001 1 However, despite being a safe therapewtic agent, mesenchymal stem cells are
reported in the literature to exert a suppressive effect on antibody production as well as
proliferation and maturation of B cells. See Uccelll, A ef al, Trends in Immunology
28¢5):219-226 (2007). Mesenchymal stem cells are also reported to inhibit the generation
and function of antigen presenting cells. See Hoogdujjn M. er al, nt
Immunopharmacology 10(12):1496-15060 (2010).  Finally, mesenchymal stem cells are
reported to suppress CD4' and CD&' T cell proliferation. See Ghannam 8. ef al., Stem Cell
Res. & Ther. 112 {2010). Finally, some preclinical data indicates a higher risk of
immunological clearance with administration of allogeneic mesenchymal stem cells as
compared to the administration of autologous mesenchymal stem cells. See, e.g, Huang,

X. P etal, Circulation 122:2419-29 (2010).

SUMMARY
00012} Surprisingly, despite the reports of mesenchymal stem cells having a
suppressive effect on aspects of the immune system, the present inventors discovered a
method of treating non-ischemic dilated cardiomyopathy in a subject, comprising
administering a therapeutically effective amount of a population of isolated allogeneic human
mesenchymal stem cells to a subject in need thereof. The present inventors also discovered a
method of treating svmptoms of aging frailty in a subject, comprising adnunistering a
therapeutically effective amount of a population of isolated allogeneic human mesenchymal
stem cells 1o a subject in need thereof The present inventors identified several biomarkers
specific for non-ischemic dilated cardiomyopathy and aging frailty including, but not limited
to, the levels of exhausted B cells (CD19+, CD27, 1gD7), the levels of switched memory B
cells (CD19', CD27"¢" 1gD"), the levels of B-cells expressing intracellular TNF-o, the levels

0 Ao

of early activated T-cells (CD3', CD69Y), the levels of chronic activated T-cells (CD3',
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CD25", the levels of Temra celis (CDM45RA', CCR7), the CD4":CDS8" T cell ratio, and the
TNF-¢ concentration in serum.

[00013] One aspect of the invention relates o a method of treating non-ischenuc dilated
cardiomyopathy in a subject, comprising administering a therapeutically effective amount of
a population of isclated allogeneic human mesenchymal stem celis to a subject in need
thereof, wherein the number of exhausted B cells (CD19", CD27, IgD’) in a sample of the
subject’ serum decreases by at least 25% as compared to the number of exhausted B cellsina
sample of the subject’s serum prior to adminisiration of the population of isolated allogeneic
human mesenchymal stem cells, thereby ireating the non-ischemic dilated cardiomyopathy.
[00014] Another aspect of the invention relates to a method of treating non-ischeric
dilated cardiomyopathy in a subject, comprising administering a therapeutically effective
amount of a popudation of isolaled allogeneic human mesenchymal stem cells to a subject n
need thereof, wherein the number of switched memory B cells (CD19", CD27"# [¢Dy) ina
sample of the subject’s serum increases by at least 100% as compared to the number of
switched memory B cells in a sample of the subject’s serum prior to administration of the
population of isolated allogeneic human mesenchymal stem cells, thereby treating the non-
ischemic dilated cardiomwvopathy.

[00015] Another aspect of the invention relates to a method of treating non-ischemic
dilated cardiomyopathy in a subject, comprising administering a therapeutically effective
amount of a population of isolaled allogeneic human mesenchymal stem cells to a subject in
need thereof, wheremn the number of B-cells expressing mtracellular TNF-a in a sample of the
subiect’s serum decreases by at least 30% as compared to the number of B-cells expressing
wiracellular TNF-o in a sample of the subject’s serum prior {0 adwumistration of the
population of isolated allogeneic human mesenchymal stem cells, thereby treating the non-
tschemic dilated cardiomyopathy.

[00016] Another aspect of the invention relates to a method of treating non-ischemic
dilated cardiomyopathy in a subject, comprising administering a therapeutically effective
amount of a population of isolated allogeneic human mesenchymal stem cells to a subject in
need thereof, wherein the number of early activated T-celis (CD3', CD62") in a sample of the
subject’s serum decreases by at least 30% as compared to the number of early activated T-
cells in a sample of the subject’s serum prior to adnunistration of the population of isolated
allogeneic human mesenchymal stem cells, thereby treating the non-ischemuc dilated

cardiomyopathy.



WO 2018/089752 PCT/US2017/061031

{00017} Ancther aspect of the invention relates to a method of treating non-ischemic
dilated cardiomyopathy in a subject, comprising administering a therapeutically effective
amount of a population of isolated allogeneic human mesenchyal stem cells to a subject in
need thereof, wherein the number of chronic activated T-cells (CD3", CD25") in a sample of
the subject’s serum decreases by at least 70% as compared 1o the number of chronic activated
T-Cells in a sample of the subject’s serum prior to adnunisiration of the population of
isolated allogeneic human mesenchymal stem cells, thereby treating the non-ischemic dilated
cardiomyopathy.

[00018] Ancther aspect of the invention relates to a method of treating non-ischemic
dilated cardiomyopathy in a subject, comprising administering a therapeutically effective
amount of a population of isolated allogeneic human mesenchymal stem celis to a subject in
need thereof, wherein the number of Temra cells (CD45RA', CCR7) in a sample of the
subject’s serum decreases by at least 40% as coropared to the nurober of Teowa cells in a
sample of the subject’s serum prior to adminisiration of the population of isolated allogeneic
human mesenchymal stem cells, thereby ireating the non-ischemic dilated cardiomyopathy.
[00019] Ancther aspect of the invention relates to a method of treating non-ischemic
dilated cardiomyopathy in a subject, comprising admimstering a therapeutically effective
amount of a population of isolated allogeneic human mesenchymal stem cells to a subject inn
need thereof, wherein the TNF-q concentration in a sample of the subject’s serum decreases
by at least 80% as compared to the TNF-o concentration in a sample of the subject’s serum
prior to admimstration of the population of 1solated allogeneic human mesenchymal stem
cells, thereby treating the non-ischemic dilated cardiomyopathy.

[00020] Ancther aspect of the nvention relates to a method of treating symptoms of
aging frailty in a subject, comprising admimstering a therapeutically effective arsount of a
population of isolated allogeneic human mesenchymal stem cells to a subject in need thereof,
wherein the number of exhausted B cells (CD19°, CD27, IgD) in a sample of the subject’
serum decreases by at least 10% as compared to the nunber of exhausted B cells in a sample
of the subject’s serum prior to administration of the population of isolated allogeneic human
mesenchyvmal stem cells, thereby treating the symptoms of aging frailty.

[00021] Ancther aspect of the invention relates to a method of treating symptoms of
aging frailty in a subject, comprising administering a therapeutically effective amount of a
population of isolated allogeneic human mesenchvmal stem cells to a subject in need thereof,

wherein the number of switched memory B cells (CD19", Cp27met [eD7) in a sample of the
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subject’s serum increases by at least 75% as compared to the number of switched memory B
cells in a sample of the subject’s serum prior to administration of the population of isolated
allogeneic human mesenchymal stem cells, thereby treating the symptoms of aging frailty.
00022} Another aspect of the mmvention relates to a method of treating symptoms of
aging frailty in a subject, comprising admunistering a therapeutically effective amount of a
population of isolated allogeneic human mesenchymal stem cells to a subject in need thereof,
wherein the number of B-cells expressing intracellular TNF-a in a sample of the subject’s
serum decreases by at least 60% as compared to the nuomber of B-cells expressing
wniracellular TNF-o in a sample of the subject’s serum prior to administration of the
population of isolated allogeneic hursan mesenchymal stem cells, thereby treating the
symptoms of aging frailty.

[00023] Another aspect of the mvention relates to a method of treating symptoms of
aging frailty in a subject, comprising adnunistering a therapeutically effective amount of a
population of 1solated allogeneic human mesenchymal stem cells to a subject in need thereof,
wherein the number of early activated T-cells (CD3", CD69") in a sample of the subject’s
serum decreases by at least 30% as compared to the number of early activated T-cells in a
sample of the subject’s serwm prior to administration of the population of isolated allogeneic
human mesenchymal stem cells, thereby treating the symptoms of aging frailty.

[00024] Another aspect of the invention relates to a method of treating symptoms of
aging frailty in a subject, comprising admunistering a therapeutically effective amount of a
population of isolated allogeneic human mesenchymal stem cells to a subject in need thereof,
wherein the number of chronic activated T-cells (CD3°, CD25") in a sample of the subject’s
serum decreases by at least 75% as compared {o the number of chronic activated T-Cells in a
sample of the subject’s serum prior to adnunistration of the population of 1solated allogeneic
human mesenchymal stem cells, thereby treating the symptoms of aging frailty.

[00025] Another aspect of the invention relates to a method of treating symptoms of
aging frailty in a subject, comprising admunistering a therapeutically effective amount of a
population of 1solated allogeneic human mesenchymal stem cells to a subject in need thereof,
wherein the number of Temra cells (CD45RA", CCRT) in a sample of the subject’s serum
decreases by at least 20% as compared {o the number of Temra cells in a sample of the
subject’s serum prior fo adnunistration of the population of isolated allogeneic human

mesenchvmal stem cells, thereby treating the symptoms of aging frailty.
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[00026] Another aspect of the invention relates to a method of treating symptoms of
aging frailty in a subject, comprising admimstering a therapeutically effective amount of a
population of 1solated allogeneic human mesenchvmal stem cells to a subject in need thereof,
wherein the TNF-q concentration in a sample of the subject’s serum decreases by at least
50% as compared to the TNF-a concentration in a sample of the subject’s serum prior to
admimistration of the population of isolated allogeneic human mesenchymal stem cells,
thereby treating the symptoms of aging frailty.

[00027] Ancther aspect of the invention relates to a method of treating symptoms of
aging frailty in a subject, comprising admimstering a therapeutically effective amount of a
population of 1solated allogeneic human mesenchvmal stem cells to a subject in need thereof,
wherein the CD4":CD8" T cell ratio in a sample of the subject’s serum increases by at least
100% as coropared to the CD4":CD8’ T cell ratio in a sarple of the subject’s serum prior to
admiristration of the population of isolated allogeneic human mesenchymal stem cells,
thereby treating the symptoms of aging frailty

[00028] In one embodiment of the invention, the subject is a human. In another
embodiment of the invention, the subject is a human who exhibits inflammaging.

[00029] In one embodiment of the invention, the mesenchymal stem cells are bone
marrow-derived mesenchymal stem cells. In one embodiment of the invention, the
mesenchymal stem cells do not express STRO-1. In another embodiment of the invention,
the mesenchymal stem cells do not express CDB43. Tn another embodiment of the invention,
the mesenchymal stem cells do not express fibroblast surface markers or have a fibroblast
morphology. In another embodiment of the invention, the mesenchymal stem cells are not
genetically manipulated.

[00030] In another embodiment of the invention, the isolated population of allogeneic
mesenchymal stem cells is administered in a single dose. In another embodiment of the
invention, the isolated population of allogeneic mesenchvmal stem cells is administered in
multiple doses, e.g., two or more doses. In another embodiment of the invention, the isolated
population of allogeneic mesenchymal stem cells 15 admunistered at least yearly.

[00031] In one embodiment, the isolated population of allogeneic mesenchymal stem
cells is administered systemically. In one embodiment of the invention, the isolated
population of allogeneic mesenchymal stem cells is administered by infusion or direct
injection. In one embodiment of the invention, the isolated population of allogeneic

mesenchymal stem cells 1s administered intravenously, intraarterially, intramuscularly,
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intraperitoneally, subcutansously, intradermally, orally, transendocardially, or intranasally.
In a further emsbodiment, the isolated population of allogeneic mesenchymal stem cells is
adnunistered intravenously. In a further embodiment, the isolated population of allogeneic
mesenchymal stem cells is administered intramusculatly.

[00032] In one embodiment of the invention, the isolated population of allogeneic
mesenchvmal stern cells is administered at a dose of about 20x10° mesenchymal stem cells.
In another embodiment of the invention, the isolated population of allogeneic mesenchymal
stem cells is administered at a dose of about 100x10° mesenchymal stem cells. In another
embodiment of the invention, the isolated population of allogeneic mesenchymal stem cells is
administered at a dose of about 200x10° mesenchymal stern cells.

[00033] In one embodiment of the invention, the isolated population of allogeneic
mesenchvmal stern cells are obtained from a humwan donor and wherein a step of MHC
matching of the human donor to the subject 1s not employed prior to the administration of the
isolated population of allogeneic mesenchymal stem cells to the subject.

[00034] Ancther aspect of the invention relates to a method of evaluating cellular and
humoral immunity status in a subject, comprising;

(1) obtaining a serum sample from a subject selected for evaluation based on a
determination that the subject was previously in need of treatment of non-ischemic dilated
cardiomyopathy and the subject had been administered an initial dose of an isolated
population of allogeneic human mesenchymal stem cells;

(2) performing one or more assavs configured to defect a non-ischemic ditated
cardiomyopathy marker selected from the group of exhausted B cells (CD19°, CD27", IgD),
switched memory B cells (CD19", Co7en, 1gD3), B-cells expressing infracellular TNF-q,
early activated T-cells (CD3", CD69"), chronic activated T-cells (CD3', CD25Y), Terura cells
(CD43RA", CCRT), and serum TNF-q by introducing the serum sample obtained from the
subject into an assay instrument which (i) contacts the serum sample with one or more
antibodies which specifically bind for detection the biomarker(s) which are assayed, and (i1}
generates one or more assay resulfs indicating of binding of each biomarker which is assaved
to a respective antibody to provide one or more assay results;

(3} correlating the assay result{s) generated by the assay instrument to the immunity
status of the subject, wherein the correlating step comprises assigning a likelthood of one or

more future changes in immune status to the subject based on the assay result(s); and
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(4} treating the subject based on the predetermined subpopulation of mdividuals to
which the subject is assigned, wherein the treatment comprises administration of one or more
additional doses of an 1solated population of allogeneic hurnan mesenchyroal stem cells.
00035} Another aspect of the invention relates to a method of evaluating cellular and

humoral inwmunity status in a subject, comprising;

(1) obtaining a serum sample from a subject selected for evaluation based on a
determination that the subject was previously in need of treatment of symptoms of aging
frailty and the subject had been administered an initial dose of an isolated population of
allogeneic human mesenchymal stem cells;

(2) performing one or more assays configured to detect aging frailty marker selected
from the group of exhausted B cells (CD19", CD27", 1gD), switched memory B cells
(CD19", CD27"" 1gD), B-cells expressing intracellular TNF-u, early activated T-cells
(CD3", CD69"), chronic activated T-cells (CD3', CD25"), Temra cells (CD45RA", CCRT),
the CD4":CD&" T cell ratio. and serum TNF-g by introducing the serum sample obtained
from the subject into an assay instrument which (i) contacts the serum sample with one or
more antibodies which specifically bind for detection the biomarker(s) which are assayed,
and (i1} generates one or more assay results indicating of binding of each biomarker which 1s
assayed to a respective antibody to provide one or more assay results;

(3} correlating the assay resuli(s) generated by the assay instrument to the immunity
status of the subject, wherein the cosrelating step comprises assigning a likelihood of one or
more future changes in immune status to the subject based on the assav result(s); and

{(4) treating the subject based on the predetermined subpopulation of individuals to
which the subject is assigned, wherein the {reatment comprises administration of one or more
additional doses of an isolated population of allogeneic human mesenchymal stem cells.
[00036] In one embodiment of the invention, one or more future changes in immune
status comprise one or more of an increase in the number of exhausted B cells (CD19",
D27, IgD), a decrease in the number of switched memory B cells (CD19", CD27"" 19D,
an tncrease m the number of B-cells expressing imtracellular TNF-o, an increase n the
number of early activated T-celis (CD3", CD69Y), an increase in the number of chronic
activated T-cells (CI33°, CD25 ). an increase in the mumber of Temra cells (CD4SRA™,
CCR7). a decrease in the CD4":CD8' T cell ratio. and an increase in serum TNF-a.

[00037] Another aspect of the invention relates to an /n virro method of determining

efficacy of treatment of non-ischemic dilated cardiomyopathy in a subject comprising
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determining the levels of one or more biomarkers selected from the group consisting of
exhausted B cells (CD19", CD27", 1gD), switched memory B cells (CD19", CD27Y" 1oy,
B-cells expressing intracellular TNF-g, early activated T-cells {(CD3', CD69"). chronic
activated T-cells (CD3', CD25"), Temra cells (CD45RA’, CCR7), and the TNF-g
concentration in serum obtained from the subject before and after administration of a
population of isolated allogeneic human mesenchymal stem cells to the subject, and
comparing the levels of the one or more biomarkers in the serum obtained before and after
adminisiration of the population of isolated human mesenchymal stem cells, wherein
treatment is efficacious if

(1) the number of exhausted B cells (CD19", CD27, IgD’) decreases by at least 25%
as compared to the number of exhausted B cells prior to adnunistration of the population of
isolated allogeneic human mesenchymal stem cells,

(2) the number of switched memory B cells (CD19", CDz7en igDy’) increases by at
least 100% as compared to the number of switched memory B cells prior to administration of
the population of isolated allogeneic human mesenchymal stem cells,

(3) the number of B-cells expressing intracellular TNF-o decreases by at least 30%
as compared to the number of B-cells expressing intracellular TNF-o prior to adroinustration
of the population of isolated allogeneic human mesenchymal stem cells,

{4) the number of early activated T-cells (CD37, CD69") decreases by at feast 30%
as compared to the number of early activated T-cells prior to administration of the population
of 1solated allogeneic human mesenchymal stem cells,

(5) the number of chronic activated T-cells (CD3", CD25") decreases by at least
70% as compared to the number of chronic activated T-Cells prior to administration of the
population of isolated allogeneic human mesenchymal stern cells,

(6) the number of Temra cells (CD45RA", CCR7) decreases by at least 40% as
compared to the number of Temra cells prior to administration of the population of 1solated
allogeneic human mesenchymal stem cells, and/or

(7) the TNF-u concentration in a sample of the subject’s serum decreases by at least
80% as compared to the TNF-o concentration in a sample of the subject’s serum prior to

admunistration of the population of isolated allogeneic human mesenchymal stem cells.

[00038] Another aspect of the invention relates to an /n virro method of determining

efficacy of treatment of symptoms of aging frailty in a subject comprising: determining the
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levels of one or more biomarkers selected from the group consisting of exhausted B cells
(CD19Y, CD27, IgD), switched memory B cells (CD197, CD27"E" 1g1y), B-cells expressing
intracellular TNF-q, early activated T-cells (CD3', CD69Y). chronic activated T-celis (CD37,
CD25"), Temra cells (CD45RA', CCR7), the CD4":CD8" T cell ratio, and the TNF-g
concentration in serum obtained from the subject before and after administration of a
population of isolated allogeneic human mesenchymal stem cells to the subject, and
comparing the levels of the one or more biomarkers in the serum obtained before and after
adminisiration of the population of isolated human mesenchymal stem cells, wherein
treatment is efficacious if

(1) the number of exhausted B cells (CD19", CD27. IgD’) decreases by at least 10%
as compared to the number of exhausted B cells prior to adnunistration of the population of
isolated allogeneic human mesenchymal stem cells,

(2) the number of switched memory B cells (CD19", CDz7en igDy’) increases by at
least 75% as compared to the number of switched memory B cells prior to administration of
the population of isolated allogeneic human mesenchymal stem cells,

(3) the number of B-cells expressing intracellular TNF-o decreases by at least 60%
as compared to the number of B-cells expressing intracellular TNF-o prior to adroinustration
of the population of isolated allogeneic human mesenchymal stem cells,

{4) the number of early activated T-cells (CD37, CD69") decreases by at feast 30%
as compared to the number of early activated T-cells prior to administration of the population
of 1solated allogeneic human mesenchymal stem cells,

(5) the number of chronic activated T-cells (CD3", CD25") decreases by at least
75% as compared to the number of chronic activated T-Cells prior to administration of the
population of isolated allogeneic human mesenchymal stern cells,

(6) the number of Temra cells (CD45RA", CCR7) decreases by at least 20% as
compared to the number of Temra cells prior to administration of the population of 1solated
allogeneic human mesenchymal stem cells,

(7) the TNF-u concentration in a sample of the subject’s serum decreases by at least
50% as compared to the TNF-o concentration in a sample of the subject’s serum prior to
admunistration of the population of isolated allogeneic human mesenchymal stem cells,
and/or

(8) the CD4+:CD&+ T cell ratio in a sample of the subject’s serum increases by at

least 100% as compared to the CDd-+CD8+ T cell ratio in a sample of the subject’s serum
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prior to administration of the population of isolated allogenetc human mesenchvmal stem
cells.
[00039] Another aspect of the invention relates to the use in vitre of the levels of
exhausted B cells (CD19", CD27", IgD), the levels of switched memory B cells (CD19°,
Cp27hish IgD), the levels of B-cells expressing intracellular TNF-q, the levels of early
activated T-cells (CD3', CD69Y), the levels of chronic activated T-cells (CD3", CD25"), the
levels of Temra cells (CD45RA". CCR7), and the TNF-u concentration in serum for
determining whether treatment for non-ischemic dilated cardiomyopathy is efficacious.
[00040] Ancther aspect of the invention relates to the use in vitro of the levels of
exhausted B cells (CD19", CD27", Igh"), the levels of switched memory B cells (CD197,
CD27"" 1D}, the levels of B-cells expressing intracellular TNF-q, the levels of early
activated T-cells (CD3', CDG9Y), the levels of chronic activated T-cells (CD3', CD25%), the
levels of Temra cells (CD4SRA', CCR7), the CD4"CD8" T cell ratio. and the TNF-u
concentration in serum for determining whether treatment for aging frailty is efficacious.
BRIEF DESCRIPTION OF THE FIGURES
[00041] FIG. 1 is a Consort Diagram for a randomized, double-blinded, placebo-
controlled study investigating the use of allogeneic mesenchymal stem cells for the treatment
of older individuals with frailty.
00042} FIG. 2 provides baseline patient characteristics for subjects enrolled in the
randomized, double-blinded, placebo-controlled study investigating the use of allogeneic
mesenchvmal stem cells for the treatment of older individuals with frailty.
[00043] FIG. 3 shows a decrease in TNF-a in older subjects adminisiered allogeneic
human mesenchyvmal stem cells,
[00044] FIG. 4 shows a decrease n early activated T cells expressing CD69 in older
subjects administered allogeneic human mesenchymal stem cells.
[00045] FIG. 5 shows a decrease in the numbers of chronic/late activated T cells
expressing CD2S in older subjects administered allogeneic buman mesenchyvmal stem cells.
[00046] FIG. 6 shows measurements of CD8&+ T cells in older subjects administered
allogeneic human mesenchymal stem cells.
[00047] FIG. 7 shows an increase in the ratio of CD4'/CD8’ T cells in older subjects
adnunistered allogeneic human mesenchymal stem celis.
[00048] FIG. 8 shows an increased immunosenescence score in patients with aging

frailty who received two infusions of human mesenchymal stem cells.
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[00049] FiG. 9 shows a correlation between baseline serum TNF-o and baseline B cells
expressing 1IC TNF-a .

[00050] FIG. 10 provides the % of B cells expressing IC TNF-o in ¥Young Control BL,
Low TNF:IC TNF BL, and High TNF.IC TNF BL.

[000S 1] FIG. 11 provides the % of Switch Memory B cells in Young Control BL, Low
TNF:SwMem B cells BL, and High TNF:SwMem B cells BL.

[00052] F1G. 12 provides the % of Exhausted B cells in Young Control BL, Low
TNF:Exh B cells BL, and High TNF:Exh B cells BL.

[00053] FIG. 13 provides the % of Temra cells in Young Control BL, Low TNF: Temra
cells BL. and High TNF:Temra cells BL.

[00054] FiGG. 14 provides the CD4"/CDR" T cell ratio in Young Control BL, Low
TNF:CD4:CD38 BL, and High TNF:CD4:.CDg BL.

[00055] FIG. 15 provides the absoluie change of serum TNF-g in pg/ml in Placebo
Control, Low TNF-q, and High TNF-q.

[00056] FI1G. 16 shows a comrelation between baseline serum TNF-o and the change in
serum TNF-a.

[00057] FI1G. 17 shows the absolute change of B cells expressing 1C TNF-g in Placebo
Control, Low TNF-¢, and High TNF-q.

[00058] FIG. 18 shows a correlation between serum TNF-o and change in B cells

expressing 1C TNF-u.

[00059] FIG. 19 shows the absolute change of % of Switch Memory B cells in Placebo
Control, Low TNF-q, and High TNF-q.
[00060] FIG. 20 shows the absolute change of % of Exhausted B cells in Placebo

Control, Low TNF-0, and High TNF-a.

[00061] Fi1(G. 21 shows the absolute change of % of Temra T cells in Placebo Control,
Low TNF-g, and High TNF-a.

[00062] FI1G. 22 shows a correlation between the change in serom TNF-¢ and the change
in Teowa T cells.

[00063] FIG. 23 shows the absolute change in the CD4'/CD8" T cell ratio in Placebo
Control, Low TNF-¢, and High TNF-a.

[00064] FIG. 24 shows a correlation between the change in CD4'/CD8' T cell ratio and

the change in Temra T celis.
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DETAILED DESCRIPTION

[00063] In ceriain embodiments, the present invention is directed to methods of treating
non-ischemic dilated cardiomyopathy v a subject, comprising administering a therapeutically
effective amount of a population of isolated allogeneic human mesenchymal stem cells 1o a
subject in need thereof The examples demonstrate that in vive adminstration of isolated
populations of allogeneic human mesenchymal stem cells result in an increase i the
percentage of switched memory B cells and a decrease in exhausted B cells in subjects. The
examples also demonstrate that in vivo administration of isolated allogeneic human
mesenchymal stem cells results in an improvement in the CD4":CD8" T cell ratio in subjects.
Also, as shown in the examples, the levels of B-cells expressing intracellular TNF-a, the
levels of early activated T-cells (CD3', CD69"), the levels of chronic activated T-cells
(CD3', CD25Y), the levels of Temra cells (CD45RA", CCR7Y), and the TNF-o concentration
in serum 1s reduced in subjects having received infusions of allogeneic human mesenchymal
stem cells. From these unexpected results, the present inventors determined that isolated
allogeneic human mesenchymal stem cells favorably altered several immunologic markers
typically elevated in chronic inflammation. Restoration of immmune competence has chinical
relevant in subject who are of ugher risk for co-morbid infectious disease.

[00066] In other embodiments, the present mmvention is directed to methods of treating
symptoms of aging frailty in a subject, comprising adminisiering a therapeutically effective
amount of a population of isolaled allogeneic human mesenchymal stem cells to a subject in
need thereof. The examples demonstrate that i vive administration of isolated populations of
allogeneic human mesenchymal stem cells result in an increase in the percentage of switched
memory B cells and a decrease in exhausted B cells in subjects. The examples also
demonstrate that in vive admimstration of isolated allogeneic hurnan mesenchyroal stero cells
results in an improvement in the CD4":CD8” T cell ratio in subjects. Also, as shown in the
examples, the levels of B-cells expressing intracellular TNF-q, the levels of early activated T-
cells (CD3', CD6YY), the levels of chronic activated T-cells (CD3', CD25"), the levels of
Temra cells (CD45SRAY, CCRT), and the TNF-u concentration in serum is reduced in
subjects having received infusions of allogeneic human mesenchymal stem cells. From these
unexpected results, the present inventors deternuned that isolated allogeneic human
mesenchymal stem cells are effective at reducing mmflaromaging, a prevalent {eature in aging
frailty.

Definitions
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[00067] Embodiments may be practiced withowt the theoretical aspects presented.
Moreover, the theoretical aspects are presented with the undersianding that the embodiments
are not bound by any theory presented.

[00068] Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill in the
art. It will be further understood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is consistent with their meaning
in the context of the relevant art and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[00069] The termuinology used herein is for the purpose of describing particular
embodiments only and is not intended to be liniting. 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.”

[00070] Recitation of ranges of values herein are merely intended {o serve as a shorthand
method of referring individually to each separate value falling within the range, unless
otherwise indicated herein, and each separate value is incorporated into the specification as if
it were individually recited herein. The use of any and all examples, or exemplary language
{e.g., “such as”) provided herem, is intended merely to better lluminate the invention and
does not pose a limitation on the scope of the nvention unless otherwise claimed. WNo
language in the specification should be construed as indicating any noun-claumed element as
essential 1o the practice of the mvention.

[00071] The term “about™ or “approximately”™ means within an acceptable error range
for the particular value as determined by one of ordinary skill in the art, which will depend in
part on how the value is measured or determined, i.e., the limitations of the measarement
systermn. For example, “about” can mean within 1 or more than 1 standard deviation, per the

practice in the art. Alternatively, “about” can mean a range of £10% of the referenced value.

Dosage, Duration and Subjects
[00072] “A therapeutically effective amount” means an amount that stimulates a B~ or T-

cell dependent immune response. Such a response is characterized by the ability to elicit
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significant levels of IgG and opsonic activity. The dosage and number of doses (e.g., single
or multiple dose} administered o the subject will vary depending upon a variety of factors,
mcluding the route of adnunistration, patient conditions and characteristics (sex, age, body
weight, health, size), extent of symptoms, concurrent treatments, frequency of treatment and
the effect desired, and the like.

[00073] In one embodiment of the invention, the isolated population of allogeneic
mesenchymal stem cells is administered as a single dose. In another embodiment, the
isolated population of allogeneic mesenchymal stem cells is administered in multiple doses,
e.g. two or more doses. In other embodiments, the isolated population of allogeneic
mesenchvmal stem cells is adnunistered at least vearly.

[00074] In another embodiment of the imvention, the administration of the isolated
population of allogeneic mesenchymal stem cells 15 repeated, such as at least 1, 2, 3, 4, 5, 6,
7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, or 18 months after the first admimistration of the
isolated population of allogeneic mesenchymal stem cells, or repeated between 2-4, 2-6, 2-8,
2-10, 3-4, 3-6, 3-8, 3-10, 4-6, 4-8, 4-10, 6-8, 6-10, 6-12. or 12-18 months after the first
admuinistration of the isolated population of allogeneic mesenchymal stem cells.

[00075] In one embodiment of the invention, the isolated population of allogeneic
mesenchymal stem cells is administered at a dose of about 1x10°%, 2x10°, 5x10°, 10x10°,
20x10°%, 30x10°, 40x10°, SOx10°, 60x10°, 70x10°, 80x10°, 90x10°, 100x10°, 110x10°
120x10° 130x10°, 140x10° 150x10° 160x10° 170x10° 180x10° 190x10° 200x10°
300x10°, 400x 10°, 500x10°, or 10x107 mesenchymal stem cells. In a further embodiment, the
isolated population of allogeneic mesenchymal stem cells is administered at a dose of about
20x10° mesenchymal stem cells. In a further embodiment, the isolated population of
allogeneic mesenchymal stem cells is administered at a dose of about 100x10° mesenchymal
stem cells. In vet a further embodiment, the isolated population of allogeneic mesenchymal
stem cells is administered at a dose of about 200x10° mesenchymal stem cells. In further
emnbodiments, the isolated population of allogeneic mesenchymal stemn cells is admunistered
at a dose of from about 1-400x10°, 10-400x10°. 100-400x10°, 20-200x10°, 20-400x10°, 0.1-
5x10°, 0.1-10x10°,0.1-100x10°%,  1-50x10°,  1-100x10°% 0.01-10x10° or 0.01-100x10°
mesenchymal stem cells.

{00076} In some embodiments, the therapeutically effective amount of the isolated
population of allogeneic mesenchymal stem cells is sufficient fo increase the ratio of

CD4":CD8' T celis in a subject, such as to increase the ratio of CD4":CD8" T cells by at least
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two-, three, four-, five-, or six-fold as compared to the ratio prior to administration of the
isolated population of allogeneic mesenchyvmal stem cells, fe, an increase in the ratio of
CD4"CD8' T cells by at least 100%, 200%. 300%, 400%, or 500%.

{00077} In some embodiments, the therapeutically effective amount of the isolated
population of allogeneic mesenchymal stem cells is sufficient to increase the number of
switched memory B cells (CD19", CD27"" IgD) in a subject, such as to increase the
number of switched memory B cells by at least two-, three-, four-, or five-fold as compared
to the number prior to adminisiration of the isolated population of allogeneic mesenchymal
stem cells, ie, an increase in the number of switched memory B cells (CD19', Cpo7hist
IgD7) by at least 100%, 200%, 300%, or 400%. In other embodiments, the number of
swiiched memory B cells as compared to the number of such B cells prior to administration
of the isolated population of allogeneic mesenchymal stem cells increases by at least 10%,
15%, 20%, 25%, 30%, 35%. 40%, 45%. 50%. 55%. 60%, 63%, T0%, 75%, R0%, 85%, 90%,
or 95%.

[00078] In some embodiments, the therapeutically effective amount of the isolated
popuation of allogeneic mesenchymal stem cells is sufficient to decrease the number of B
cells expressing intracellular TNF-o 1n a subject, such as to decrease the number by at least
two-, three-, four-, five-, or six-fold as compared to the number of such B cells prior to
administration of the isolated population of allogeneic mesenchvmal stem cells. In other
embodiments, the number of B cells expressing intracellular TNF-o as compared to the
number of such B cells prior to admimstration of the isolated population of allogeneic
mesenchymal stem cells decreases by at least 109%, 20%, 30%, 40%, 50%, or 60%.

[00079] In some emsbodiments, the therapeutically effective amount of the isolated
population of allogeneic mesenchyvmal stem cells is sufficient to decrease the number of
exhausted B cells (CD19°, CD27". 1gI) in a subject, such as to decrease the number of
exhausted B cells by at least two- or three-fold as compared to the number prior to
administration of the isolated population of allogeneic mesenchvmal stem cells. Tn other
emnbodiments, the number of exhausted B cells as compared to the number of such B cells
prior to administration of the isolated population of allogeneic mesenchymal stem celis
decreases by at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50%.

[00080] In some embodiments, the therapeutically effective amount of the isolated
population of allogeneic mesenchymal stem cells is sufficient to decrease the number of early

activated T-cells (CD3', CD69') in a subject, such as to decrease the number of early
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activated T-cells by at least two- or three-fold as compared to the number prior to
adsmunistration of the isolated population of allogeneic mesenchymal stem cells.  In other
embodiments, the number of early activated T-cells as compared to the number of such T
cells prior to administration of the isolated population of allogeneic mesenchymal stem cells
decreases by at least 109, 20%, 30%, 40%, or 50%.

[00081] In some embodiments, the therapeutically effective amount of the isolated
population of allogeneic mesenchymal stem cells is sufficient to decrease the number of
chronic activated T-celis (CD3", CD25") in a subject, such as to decrease the number of
chronic activated T-cells by at least two- or three-fold as compared 1o the number prior {0
adnunistration of the isolated population of allogeneic mesenchymal stem cells. In other
embodiments, the number of chronic activated T-cells as compared to the number of such T
cells prior to administration of the isolated population of allogeneic mesenchymal stem cells
decreases by at least 10%, 15%, 20%, 23%, 30%, 35%, 40%. 45%. 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, or 95%.

[00082] In some embodiments, the therapeutically effective amount of the isolated
population of allogeneic mesenchymal stem cells is sufficient (o decrease the number of
Temra cells (CD45RAT, CCR7) in a subject, such as to decrease the number of Tenwa cells
by at least two- or three-fold as compared to the number prior to admunistration of the
isolated population of allogeneic mesenchymal stem cells. In other embodiments, the number
of Terra cells as compared to the number of such Temra cells prior to admunistration of the
isolated population of allogeneic mesenchymal stem cells decreases by at least 10%. 20%,
30%, 40%, or 50%.

[00083] In some emsbodiments, the therapeutically effective amount of the isolated
population of allogeneic mesenchyral stern cells is sufficient to decrease the TNF-o
concentration in a sample of the subject’s serum, such as to decrease the TNF-u concentration
by at least two- or three-fold as compared to the TNF-o concentration prior to administration
of the 1solated population of allogeneic mesenchyvmal stem cells. In other embodiments, the
concentration of TNF-o decreases by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
or 90%, as compared to the concentration of TNF-o prior to administration of the isolated
popudation of allogeneic mesenchymal stem cells.

[00084] Other aspects of the nvention include methods for evaluating the cellular and
humoral immunity status in subjects to deternune if the subjects would benefit from the

administration of an isolated population of allogeneic mesenchymal stem cells and treating a
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predetermined subpopulation of subjects based on biomarker data. For example, one or more
assays could be performed to detect a non-ischemic dilated cardiomyopathy marker selected
from the group of exhausted B cells (CD19", CD27, IgD), switched memory B cells
(CD19', CD27"et IgD7), B-cells expressing intraceliular TWNF-g, early activated T-cells
{CD3', CD69Y), chronie activated T-cells (CD3', CD23"), Temra cells (CD45RA", CCR7,
and serum TNF-o. Sinularly, one or more assays could be performed to detect an aging
frailty marker selected from the group of exhausted B cells (CD19", (D27, IgD"), switched
memory B cells (CD19, Cp27heh, IgD), B-cells expressing intracellular TNF-q, early
activated T-cells {CD3', CD69Y), chronic activated T-cells (CD3', CD25Y), Temra cells
(CD4SRAT, CCRT), the CD4TCDS™ T cell ratio, and serum TNF-q.

[0O085] In some embodiments, ireatment is demonstrated to be efficacious when the
isolated population of allogeneic mesenchymal stern cells is sufficient o mcrease the ratio of
CD4":CDR' T cells in a subject, such as to increase the ratio of CD4:CD8" T cells by at least
two-, three, four-, five-, or six-fold as compared to the ratio prior to adnunistration of the
isolated population of allogeneic mesenchymal stem cells, ie, an increase in the ratio of
CD4":CDB' T cells by at feast 100%, 200%, 300%, 400%, or 500%.

[00086] In some embodiments, treatment 1s demonstrated to be efficacious when the
isolated population of allogeneic mesenchvmal stem cells is sufficient to increase the number
of switched memory B cells (CD19", CD27"™" 1gD') in a subject, such as to increase the
number of switched memory B cells by at least two-, three-, four-, or five-fold as compared
to the number prior to admimstration of the isolated population of allogeneic mesenchymal
stem cells, e, an increase in the number of switched memory B cells (CD19", cD27"e
IgD} by at least 100%, 200%, 300%, or 400%. In other embodiments, the number of
switched memory B cells as compared {o the number of such B cells prior to administration
of the isolated population of allogeneic mesenchymal stem cells increases by at least 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 30%, 35%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
or 95%,

[00087] In some embodiments, freatment i3 demonstrated to be efficacious when the
isolated population of aliogeneic mesenchymal stem cells is sufficient to decrease the number
of B cells expressing intraceliular TNF-a in a subject, such as to decrease the number by at
teast two-, three-, four-, five-, or six-fold as compared to the number of such B cells prior to
adnunistration of the isolated population of allogeneic mesenchymal stem cells. In other

embodiments, the number of B cells expressing intracellular TNF-¢ as compared to the
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number of such B celis prior to adminestration of the isolated population of allogeneic
mesenchymal stem cells decreases by at least 109, 20%, 30%, 40%, 50%, or 60%.
[00088] In some embodiments, freatment i1s demonstrated to be efficacious when the
isolated population of allogeneic mesenchymal stem cells is sufficient to decrease the number
of exhausted B cells (CD19', CD27, IgD)} in a subject. such as to decrease the number of
exhausted B cells by at least two- or three-fold as compared to the number prior to
administration of the isolated population of allogeneic mesenchymal stem cells. In other
embodiments, the number of exhausted B cells as compared to the number of such B celis
prior to admunistraiion of the isolated population of allogeneic mesenchymal siem cells
ecreases by at least 10%, 15%, 20%, 25%, 30%, 353%, 40%, 45%, or 50%.
[C0089] In some embodiments, ireatment is demonstrated to be efficacious when the
isolated population of allogeneic mesenchyvmal stem cells is sufficient to decrease the number
of early activated T-cells (CD37, CD6O") in a subject, such as to decrease the number of early
activated T-cells by at least two- or three-fold as compared to the number prior to
administration of the isolated population of allogeneic mesenchymal stem cells. In other
embodiments, the number of early activated T-cells as compared to the number of such T
cells prior to adnunistration of the isolated population of allogeneic mesenchymal stem cells
decreases by at least 10%, 20%, 30%, 40%, or 50%.
{00090} In some embodiments, {reatment is demonstrated to be efficacious when the
isolated population of allogeneic mesenchymal stem cells is sufficient to decrease the number
of chronic activated T-cells (CD3', CD25") in a subject, such as to decrease the number of
chronic activated T-cells by at least two- or three-fold as compared to the number prior to
adsmunistration of the isolated population of allogeneic mesenchymal stem cells.  In other
embodiments, the number of chronic activated T-cells as compared to the nuraber of such T
cells prior to adnunistration of the isolated population of allogeneic mesenchymal stem cells
decreases by at least 10%, 15%, 20%, 25%, 30%, 35%. 40%, 45%, 50%. 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, or 95%.
[00091] In some embodiments, freatment i3 demonstrated to be efficacious when the
isolated population of aliogeneic mesenchymal stem cells is sufficient to decrease the number
of Temra cells (CD45RA’, CCR7) in a subject, such as to decrease the number of Temra
cells by at least two- or three-fold as compared to the number prior to administration of the
isolated population of allogeneic mesenchymal stem cells. In other embodiments, the number

of Temra cells as compared to the number of such Temra cells prior to administration of the
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309%, 40%, or 30%.

[00092] In some embodiments, freatment i1s demonstrated to be efficacious when the
isolated population of allogeneic mesenchymal stem cells is sufficient to decrease the TNF-g
concentration in a sample of the subject’s serum, such as to decrease the TNF-a conceniration
by at least two- or three-fold as compared to the TNF-a concentration prior to adminisiration
of the isolated population of allogeneic mesenchymal stem cells. In other embodiments, the
concentration of TNF-a decreases bv at feast 10%, 209%, 30%, 40%, 50%, 60%, 70%, 80%,
or 90%., as compared to the concentration of TNF-u prior to administration of the isolated
population of allogeneic mesenchymal stem cells.

[00093] “Administering” a composition may be accomplished by oral administration,
mjection, infusion, parenteral, intravenous, mucosal, sublingual, intramuscular, intradermal,
intranasal, intraperitoneal, intraarterial, subcutaneous absorption or by any method in
combination with other known techniques. In one embodiment of the invention, the isolated
population of allogeneic mesenchymal stem cells is administered systemically. In ancther
embodiment of the invention, the isolated population of allogeneic mesenchymal stem cells is
adnunistered by infusion or direct injection. In one embodiment of the mvention, the solated
population of allogeneic mesenchymal stem cells is administered intramuscularly,
intravenously, intraarteerially, intraperitoneally, subcutaneously, intradermally, orally,
transendocardially, or intranasally. Tn a further embodiment, the isolated population of
allogeneic mesenchvmal stem cells is adnunistered mtramuscularly. In a  further
embodiment, the isolated population of allogeneic mesenchymal stem cells is administered
iniravenously,

[00094] The term “subject” as used herein includes, but 1s not limited to, humans and
non-human vertebrates such as wild, domestic, and farm animals. In some embodiments, the
term refers to humans, such as elderly humans >65 vears of age, or elderly humans 60-95
vears of age. In some embodiments, the human subject exhibits symptoms of aging frailty. In
some embodiments, the human subject exhibits inflamomaging.

[00095] The term “allogeneic” refers to a cell that is of the same animal species but
genetically different in one or more genetic loci as the animal that becomes the “recipient
host” This usually applies to cells transplanted from one animal o another noun-identical

animal of the same species.
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[00096] As used herein, the phrase “in need thereof” means that the subject has been
identified as having a need for the particular method or treatment. In some embodiments, the
wdentification can be by any means of diagoosis. In aoy of the methods and treatments
described herein, the subject can be in need thereof In some embodiments, the subject is in
an environment or will be traveling {0 an environment in which a particular disease, disorder,
or condition is prevalent.

[00097] Cells are referred to herein as being positive or negative for certain markers.
For example, a cell can be negative for D45, which can also be referred to as CD45". The

[

superscript notation refers to a cell that is negative for the marker linked to the

“" refers 1o a cell that is positive for that marker.

superscript. In contrast a marker with the
For example, a cell that is referenced as “CID8"™ is positive for CD8. A “+” can also be used
to reference the marker as positive. A -7 can also be used to reference the marker as
negative.

[00098] As used herein, the term “stem cell” refers to a cell from the embryo, fetus, or
adult that has, under certain conditions, the ability to reproduce itself for long pertods or, in
the case of adult stem cells, throughout the hfe of the organism. It also can give rise 1o
specialized cells that make up the tissues and organs of the body.

[00099] Mesenchymal stem cells are the formative pluripotent blast cells found inrer afia
in bone marrow, blood, dermis, and periosteum that are capable of differentiating into any
kind of the specific types of mesenchymal or connective tissues (i.e., the tissues of the body
that support the specialized elements; particularly adipose, osseous, cartilaginous, elastic, and
fibrous connective tissues) depending upon various influences from bioactive factors, such as
cytokines.

[000100]  Certain methods of isolating and/or purifying mesenchymal stem cells have
been described herein and are known in the art. In some embodiments, mesenchymal siem
cells are isolated from bone marrow of adult humans. In some embodiments, the cells are
passed through a density gradient to eliminate undesired cell types. The cells can be plated
and cultured in appropriate media. fn some embodiments, the cells are cultured for at least
one day or about three 1o about seven days,. and removing non-adherent cells. The adherent
cells can then be plated and expanded.

[0001011  Other methods for isolating and culturing stem cells are also known. Placenta 1s
an excellent readily available source for mesenchymal stem cells. Moreover, mesenchymal

stem cells can be derivable from adipose tissue and bone marrow stromal cells are speculated
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to be present in other tissues. While there are dramatic qualitative and quantitative
differences in the organs {rom which adult stem cells can be derived, the initial differences
between the cells may be relatively superficial and balanced by the sinular range of plasticity
they exhibit.

[000102]  Homogeneous human mesenchymal stem cell compositions are provided which
serve as the progemitors for all mesenchymal cell lineages. Mesenchvmal stem cells are
identified by specific cell swrface markers which are identified with unigue monoclonal
antibodies. The homogeneous mesenchymal stem cell compositions are obtained by positive
selection of adherent marrow or periosteal cells which are free of markers associated with
either hematopoietic or differentiated mesenchymal cells. These isolated mesenchymal cell
populations display epitopic characteristics associated with only mesenchymal stem cells,
have the ability to regenerate in culture without differentiating, and have the abilily to
differentiate into specific mesenchyroal lineages when either induced in virre or placed in
vivo at a site of inflammation.

[000103]  In order to obtain the human mesenchymal stem cells for the compositions,
methods, and kits disclosed herein, pluripotent mesenchymal stem cells are separated from
other cells in the bone marrow or other mesenchymal stem cell source. Bone marrow cells
may be obtained from iliac crest, femora, tibiae, spine, rib, or other medullary spaces. Other
spaces of human mesenchymal stem cells include embryonic volk sac, placenta, umbilical
cord, fetal and adolescent skin, and blood.

[000104]  In some embodiments, the human mesenchymal stem cells are identified by the
absence of markers. For example, human mesenchymal stem cells useful in the invention
include those that are negative for STRO-1 and/or negative for CD45. Simsilarly, buman
mesenchymal stem cells useful in the invention include those that do not express {ibroblast
surface markers or have a fibroblast morphology.

Methods of Enhancing Immune Responses

[000105] As discussed above, the present invention 15 directed o a method of enhancing
a subject’s cellular or humoral immune response, comprising administering to the subject
therapeutically effective amounts of an isolated population of human mesenchymal stem
cells. In some embodiments of the invention, the mesenchymal stem cells are not genetically
manipulated. In some embodiments of the invention, the mesenchymal stem cells are

obtained from a human donor and wherein a step of MHC matching of the human donor to
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the subject is not employed prior to the administration of the isolated population of human
mesenchymal stem cells.

[000106] Compositions for use n the mvention may be formulated using any suitable
method. Formulation of cells with standard pharmaceutically acceptable carriers and/or
excipients may be carried out using routine methods in the pharmaceutical art. The exact
nature of a formulation will depend upon several factors including the cells to be
administered and the desired route of administration. Suitable types of formwlation are fully
described in Remington's Pharmaceutical Sciences, 19" Edition, Mack Publishing Company,
Eastern Pennsvivania, USA.

[000107] Compositions may be prepared together with a physiologically acceptable
carrier or diluent Typically, such compositions are prepared as liquid suspensions of cells.
The cells may be mixed with an excipient which 15 pharmaceutically acceptable and
compatible with the active ingredient. Suitable excipients are, for example, water, saline,
dextrose, glycerol, of the like and combinations thereof

[000108] In addition, if desired, the pharmaceutical compositions of the invention may
contain minor amounts of auxiliary subsiances such as wetting or emulsifving agents, pH
buffering agents, and/or adjuvants which enbance effectiveness. In one embodiment of the
invention, the adjuvant comprises human serum albumin (HSA).

[000109] One suitable carrier or diluent is Plasmalyte A™. This is a sterile,
nonpyrogenic isotonic solution for intravenous administration. Each 100 mL contains 326 mg
of Sodium Chloride, USP (NaCl); 502 mg of Sodium Gluconate (CoHNaQ7); 368 mg of
Sodium Acetate Trihyvdrate, USP (CoH3NaOsHLR0);, 37 mg of Potassium Chioride, USP
(KCl); and 30 mg of Magnesium Chloride, USP (MgChL6HO). Tt contains no anfimicrobial
agents. The pH is adjusted with sodium hydroxide. The pH is 7.4 (6.5 to 8.0).

[000110} In one embodiment of the invention the mesenchymal stem cells are not
genstically manipuolated.  In another embodiment of the invention, the mesenchymal stem
cells are cryopreserved.  For example, the mesenchymal stem celis can be suspended
cryoprotectant consisting of Hespan® (6% hetastarch in 0.9% sodium chloride) supplemented
with 2% HSA and 5% DMSO and then aliguoted info cryopreservation containers for
placement in vapor phase nitrogen freezers. In another embodiment, the mesenchymal stem

cells roay be provided in Plasmalyte A™ supplemented with 1% HSA.

EXAMPLES
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Example 1

Treatment of Chronic Non-Ischemic Dilated Cardiomyopathy
[000111] Briefly, thirty-seven patients were randonuzed to receive either allogeneic or
autologous human mesenchvmal stem cells in a 1:1 ratio. Patients were recruited between
December 2011 and July 2015 at the University of Miami Hospital. Patients (age: 558 =
11.2; 32% female) received human mesenchvmal stem  cells (100 mullion) by
transendocardial stem cell injection (TESI) in ten left ventricular sites by NOGA Catheter.
Treated patients were evaluaied at baseline, 30 days, 3-, 6- and 12Z-months for immune
biomarkers.
Patient Population
[000112} Patient eligibility was determined after confirmation of diagnosis of NIDCM
with an EF of less than 40% and either a lefl ventricular end diastolic diameter greater than
5.9 cm in male subjects and greater than 5.6 cm n fervale subjects or a left ventricular end
diastolic volume index > 125 mL/m’. Thirty-seven patients were randomized o either
autologous human mesenchyme stem cells (hMSCs} or allogeneic hMSCs in a ratic of 1.1
Thirty~four patienis received study injection; 16 and 18 patients in the auto~ and allo-hMSC,
respectively.  Three patients did not recetve the study uyection. One patient withdrew
consent before treatment. Another patient was recruited but did not receive treatment due to
automatic implantable cardioverter-defibrillator placement (n=1}, and one patient died before
treatment {n=1). The mean age of injected participants was 55.8 + 11.2, 29% were female,
and 35% were Hispanic. The mean vears of NIDCM diagnosis before the TESI was 6.1 £6.2
years for allo and 6.9 + 7.3 vears for auio patients (p=0.5 between groups). Fifty percent of
patients had NYHA class 1T symptoms, mean baseline global EF was 26.5 + 9.64%, mean
SMWT was 422 + 86.8 M, and median baseline MLHF(Q scores were 36 (IQR 18.0, 64.0).
Study Procedures and Timeline
[000113] Baseline assessments included chemistry and hematology laboratories,
echocardiography, and chest, abdominal and pelvic computed tomography scans.
Human Mesenchymal Stern Cells (hMSCs) for Cell Therapy
[000114] Al allogeneic and autologous human mesenchymal stem cells were
manufactured at the University of Miami ISCL  See, e g, Golpanmian, S. ef al, Physiol. Rev.
96:1127-68 (2016) and Mushtag, M. ef al, J Cardio. Trans. Res. 7.769-80 (2014},
Allogeneic human mesenchymal stem cells were dernived from Caucasian male donors mean

age 254 + 3.3 vears and were between 80 to 90% viable at the time of TESL The auto-
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hMSCs were from 11 males with a mean age of 58.0 & 9.9 and six females with a mean age
of 55.0+ 12 4 years.

Transendocardial Stem Cell Injection

[000115] Injection sites were selected to prioritize safety of the TESI procedure and to
distribute sites throughout the accessible myocardial territories.  Considerations for sile
selection included avoidance of the ventricular apex, and optinuzation of catheter stability
prior o needle extension.

Immune Monitoring

[000116] Calculated panel reactive antibodies (cPRA) were measured at baseline and at
six~-months using Luminex 200. Serum TNF-o was measured using human TNF-o ELISA
high sensitivity kit {eBiosciences). Lymphocytes were stained for T-cell markers of
activation. Late/exhausted T-cells, B-cell subsets (Switched memory and Laie/Exhausted B-
cellsy and TNF-o by B-cells. All samples were acquired using the LSR-Fortessa-HTS
analyzer (BD Pharmigen) and analvzed with the Flowlo V10 software, ie., all lymphocyte
populations were assessed by flow cytometry and expressed as a percent from gated (B-cell
parameters gated on CD19" and T-cell parameters gated on CD3 '),

[000117] cPRA results showed that 67% of allo and 92% of auto recipients had no
reaction to low ¢PRA (0-20% c¢PRA). Twenty-seven % of allo and 8% of auto had a
moderate cPRA (21-79% c¢PRA), and one subject {7%) receiving allo MSCs had a high ¢cPRA
response {(+80% ¢PRA).

[000118] Elevated baseline levels of TNF-a decreased from baseline to 6-months in
both groups (allo: -10.6 + 1.6 pe/ml, p<(.0001, auto: -6.8 + 1.4 pg/ml, p<0.0001, Table 1;
between group, p=0.05). Temra T-cells (exhausted T-cell phenotvpe) were reduced in both
groups with a greater decrease n allo {allo: -15.9+5.4%, p<0.0001, auto: -9.3+3.3%,
p<0.0001, Table 1; between group, p=0.0111;, Table 1). Suppressed %Switch Memory B-
cells (predictive biomarker for antibody response) at baseline were significantly increased at
six~months in both groups with a greater improvement in allo (allo: +10.244.9%, p<0.0001
vs. auto: +4.3%3.9%, p=0.0014, between group, p<0.0001; Table 1). Finally, iotracellular
TNF-a expression in B23 cells was also decreased at 6-months relative to baseline in both
groups {allo: -11.243.3%, p<0.0001, aulo: -8.5£3.0%, p<0.0001; between group, p=0.174;
Table 1). Tn contrast, Late/exhausted B-cells decreased signiticantly in both groups (allo: -
3.441.03%, p<0.0001, awto: ~5.9£2.5%, p=0.003; between group difference, p=0.57; Table

1}. Early T-cell activation (allo: -5.57+1.03%, p<0.0001, auto: -2.92+1.5%, p=0.02; between
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group, p=0.08; Table 1) decreased to similar degrees in both group. Whereas late/chronic T-

cell activation did not significantly decrease in either group (allo: -2.3+1.3%, p=0.4, and auto:

-3.4+2.7%. p=0.7).

Table 1. Effects of Human Mesenchymal Stem Cells on Cellnlar and Humoral

Fmunity at 6-months.

Immune Allogeneic Autologous

Biomarkers Baseline 6-Months Baseline 6-RMonths
Serum TNF-g 135415 230277 1.8£009 48+08"
(pg/mi)
%% Early T-cell 134+4.4 79+£33 1334438 10.6+54
Activation
({CD3, CD68")
“%Late/Chronic | 8.9. IQR 3.4, IQR 8.1, I0R 4.4, 10R
T-cell activation | (5.9, 10.4) (3.0, 5.0)* (5.2, 14.1) (3.6, 11.1}
(CD3", CD258H
% Temra 337+76 17.9£5271 30,1+ 10.8 21375
(CD37, CD4SRA",
CCRT)
%% L.ate/Exhausted | 193, IQR 14.7,10R 20.0. IQR 15,5, I0R
B-cells (CD197, (17.9,28.6) (14.2,17.3y"1 1(17.7,32.0) (14.0, 19.0)
CD27, 1gD)
“oSwitched 10.0+3.6 202317 [96x31 14145
Memory B-cells
(CD19", Cp2e
igD)
Yo B-cells 321+73 204 %63 282+68 19748

expressing
intraceliular

ThE-¢

indicates p < 0.05 within group;  indicates p < 0.001 within group; ' indicates between

group p < 0.5; ¥ indicates between group p < 0.001.

Example 2

Treatment of Symptoms of Aging Fratlty ~ Study 1
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{0001 19] Thirty subjects aged 60 vears of age or older who met the study
mclusion/exclusion criteria for frailty by the Canadian Study of Health and Aging (CSHA)
were randomized. Ten subjects received 100 million MSCs, ten subjects received 200
million MSCs, and ten subjects received placebo. Subjects were followed for one year for
safety and efficacy. Assessments included at least the following: a study of inflammatory
biomarkers and a review of immumologic effects. FIG. 1 is a Consort Diagram. FIG 2
provides baseline patient characteristics. FIGs. 3-7 illustrate the impact of allogeneic human
MSCs on immune biomarkers.

[000120] Figure 3 shows a decrease TNF-g in subjects admunistered human MSCs.
Both early and late/chronic T cell activation decreases after allogeneic MSC treatment. FIG.
4 shows a decrease in early activated T cells expressing CD69 in subjects administered
human MSCs. FIG. 5 shows a decrease in the numbers of chronic/late activated T cells
expressing CD25 in subjects administered human MSCs. FIG. 7 shows an increase in the
ratio of CD4'/CDR" T cells in subjects administered human MSCs.

Example 3
Treatment of Symptoms of Aging Frailty — Study 2

[000121] Fifteen aged subjects were included i an open-label study and administered
human mesenchymal stem cells in two separate infusions. Subjects were evaluated for
changes in various immune biomarkers to determine a response to the injected human
mesenchvmal stem cells. These immune biomarkers included the levels of exhausted B cells
(CD19", CD27, 1gD), the levels of switched memory B cells (CD19", CD27"" 1¢D). the
levels of B-cells expressing intracellular TNF-q, the levels of early activated T-cells (CD3",
CD69YY, the levels of chronic activated T-cells (CD3', CD25Y), the levels of Temra cells
(CD45RA", CCRT), the CD4":CD8" T cell ratio, and the TNF-g concentration in serum.
Subjects were evaluated 6 months after the first injection and 1, 3, and 6 months after the
second injection. Provided in Tables 2-9 are the measured values for each of the immune
biomarkers discussed above. Also provided in Tables 2-9 are Scores assigned to each of the
imotune biomarkers assessed in each patient at different tirne-points that indicate whether an
increase or decrease was observed in the immune biomarker measured. Finally, in Table 10
are the total Scores for each patient that includes different time-points as well as averages
among the patients. As can be observed in the last row of Table 10 and i FIG. 8, the

immunosenescence Score improves in subjects with aging frailty after the first injection of
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human mesenchymal stem cells and continues to stay in an improved state after a second
injection of human mesenchymal stem cells.

Table 2, Effects of Human Mesenchymal Stem Cells on Switched Memory B Cells

Patien | BL | 6- | 2™ 2 2 2 BL |6 2% 2™ 2 2
t# Mo | Inject | Inject | Inject | Imject | Scor | Mo, | Inject | Imject | Inject | Inject
. BL o -t 3. 6 Seor {. BLi{. I-f. 3{. 6
Mo. Me. Me. 2 Score | Mo. Mo, Mo.
Scere | Scere | Seove
i 66 |21 | 142 16.5 22.8 213 1 2 2 2 2 2
i 2
Z 21 | 41 249 24 254 30.8 2 4 3 3 3 3
3
3 533 193 | 714 i6.6 7.58 981 t 3 i 2 1 i
4 1
4 10 17 30.1 36.6 187 40.3 t 2 3 4 2 2
5
s 10 24 25 333 288 315 1 3 3 3 3 3
& 75 (140117 147 197 i98 1 2 2 2 2 2
1 6
7 73 120, 123 337 21.2 271 1 2 2 2 2 2
2 7
8 76 |98 | 831 117 264 215 1 i 1 2 2 2
9 9
9 10 | 17. | 158 153 25.8 359 1 2 2 2 3 2
1 2
1¢ 21 135 1231 23.6 23.8 257 2 4 2 3 3 3
15 92 |13, | 223 28.1 28.1 297 t 2 2 3 3 3
5 )

Emprovement Scale: No Change=0; Improved >0<1 fold=1; Improved >1<2 fold=2;
Improved >2<3 fold=3; Improved >3 fold=4; Worsened >0<1 fold=-1; Worsened >1<2
fold=-2; Worsened >2<3 fold =-3; and Worsened >3 fold=-4.

Table 3. Effects of Human Mesenchymal Stem Cells on %B-Cells Expressing

Entracelluiar TRF-q
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Patien | BL |6- | 2™ 2 2" 2™ BL |4 2 2" 2 2
t# Mo | Imject | Inject | Inject | Imject | Seor | Meo. | Inject | Inject | Imject | Inject
. BL Lo be 3. 6 e Sepr {. BL . I-{. 3-i. 6
Me. Mo, Mo. e Score | Mo, Me. Me.
Seore | Score | Score
1 23. |96 | 156 (959 |[3535 [821 it 3 2 2 I 3
4 5
2 34, 193 10 9.83 6.88 6.71 i 3 2 3 3 3
8 3
3 14 |76 404 {212 157 802 12 3 1 2 3 3
3 2
4 i4 76 | 137 12 525 3.63 2 2 2 2 4 4
3 3
5 19 10. | 952 8.89 8.33 7.59 2 2 2 3 3 3
5 9
6 37 1.2 | 557 4 4.04 4.33 I 4 4 4 4 4
7 2
7 13, 127 | 41 3.67 442 2.52 2 4 4 4 4 4
2 1
8 30, |46 | 682 7.01 7.05 742 i 4 3 3 3 3
8 6
9 i1 6.9 {112 5.76 7.79 5.1 2 3 2 4 3 4
1 4
18 i3, 142 ]335 3.87 372 3.42 2 4 4 4 4 4
18 78 147 |55 3.84 646 2.4 3 4 4 4 4 4
5 5

Table 4, Effects of Human Mesenchymad Stem Cells on Exhausted B Cells

P&ﬁeﬁ BL 6 Zmi 2ud znd 211(! BL 6- znd znd an zud
t# Mo | Inject | Inject | Inject | Imject | Scor | Me. | Inject | Inmject | Imject | Inject
.BL . I-f. 3. 6-e Secor {. BLi{. i-{. 3. 6
Moe. Mo. Mo. e Score | Me. Mo. Mo.

Score | Score | Seore

1 23 140, | 157 0.88 10.7 156 t i 2 3 3 2
2 4
2 26. |27 1659 3.33 6.67 7.5% i i 4 4 4 4

8 6
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Patien | BL |6- | 2™ 2 2" 2™ BL |4 2 2" 2 2
t# Mo | Imject | Inject | Inject | Imject | Seor | Meo. | Inject | Inject | Imject | Inject
. BL Lo be 3. 6 e Sepr {. BL . I-{. 3-i. 6
Me. Mo, Mo. e Score | Mo, Me. Me.
Seore | Score | Score
3 76 |18 | 157 157 901 14.2 4 2 2 2 3 2
3 2
4 29. 4. | 119 712 9.86 01 1 2 3 4 3 3
1 8
s 53, 15. 192 8.39 3.6 i2.9 1 2 2 4 2 3
3 2
[ 34, 4. | 947 2.09 8.01 5.26 i 2 3 3 4 4
6 i
7 44, | 51, | 665 572 431 40.3 1 i 1 1 1 i
1 9
8 92 |71 126 Ii.6 805 12 3 4 3 3 4 3
3
9 15 17 156 7.85 951 17.8 2 2 2 4 3 2
4 8
1¢ 12, |24 | 717 119 134 742 2 2 4 3 2 4
5 6
15 32, 126, | 244 16.2 k17 i2.4 1 1 2 2 3 3
4 6

Table 5, Effects of Human Mesenchymal Stem Cells on Temra Cells

Patien | BL |6- | 2% 2 2 2 BL |6 2 2 2 2
t# Me | Inject | Inject | Imject | Imject | Scor | Mse. | Inject | Imject | Inject | Imject
. . BL - 3. B e Seer {. BL{. I-{. 31i{. 6

Me. Meo. Me. 2 Seere | Me. Mo, Mo.

Seore | Score | Score

i 30, | 42, | 146 17.4 194 154 3 i 2 2 i 2
1 6

2 25, 127, | 252 27 264 371 1 i 1 1 i i
6 8

3 75 {28 | 144 £3.3 10.1 118 3 4 2 2 2 2
5 5

4 i5 3.0 115 127 9.5 12.5 2 4 2 2 3 2
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Patien | BL |6- | 2™ 2 2" 2™ BL |4 2 2" 2 2
t# Mo | Imject | Inject | Inject | Imject | Seor | Meo. | Inject | Inject | Imject | Inject
. BL Lo be 3. 6 e Sepr {. BL . I-{. 3-i. 6
Me. Mo, Mo. e Score | Mo, Me. Me.
Seore | Score | Score
s 10 28 | 986 243 it 104 2 4 2 3 2 2
5
& 39. 18. | 216 16.4 20 ig1 1 2 1 2 i 2
5 2
7 i3, 14. it4 103 t5 177 2 2 2 2 2 2
3 2
8 3L 12, | 118 7.09 t1.6 333 1 2 2 3 2 i
5 2
9 16 11 24 25.1 343 38.8 2 2 1 1 1 i
1 1
16 7.1 48 1122 19 9.52 13.2 3 4 2 2 3 2
5 9
15 15. i3. 1302 40.6 46.1 34.9 2 2 i 1 1 i
2 3
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Table 6. Effects of Human Mesenchymal Stemy Cells on Early Activation of T Celis

{({CD69)
Patien | BL |6- | 2™ 25 2 3™ BL | & A 2 2% 2
t# Me | Inject | Inject | Imject | Inject | Scor | Mo, | Inject | Inject | Inject | Inject
. BL .- 3. 6-e Seer {. BL{. 1-]. 3i. 6
Me. Mo. Mo. e Seere | Ma. M. Me.
Scere | Seere | Score
1 i6 16. 12,98 | 8.03 8.74 6.07 2 2 2 3 3 4
6
2 58 |75 | 1031 | 1382 1077 11221 14 4 3 2 3 2
3 29 13 1476 | 3.36 483 914 i 2 2 4 4 3
4 65 30 787 5 433 1707 |t i 3 4 4 2
] 44 110 | 1315 | 342 2088 | 6.75 4 2 2 4 2 4
6 42 22. | 1323 [3.56 | 86 1329 |1 2 2 2 3 2
4
7 25 22, {3.73 {026 | 1087 | 3735 t 2 2 3 3 i
8 1
8 28, 17. 1 422 5.1 493 1232 |1 2 4 4 4 2
3 1
9 44 162 2012 1763 1206 | 119 4 4 2 3 2 2
1¢ 19. i7, 1418 | 1353 | 622 1385 |2 2 2 2 4 2
4 9
15 10. |6t | 1418 1279 | 142 | 131 |3 4 2 2 7 2
9 8

Table 7. Effects of Human Mesenchymal Stem Cells on Late/Chronic Activation of T

Cells (CD25)

Patien | BL |6~ | 2% 2 2™ 2 BL | & 2% 2™ 2 2%
t# Me | Inject | Inject | Imject | Imject | Scor | Mse. | Inject | Imject | Inject | Imject
. BL Lo 31 6-e Seor {. BL{. I-|]. 3i. 6

Mo. Mo. Mo. e Seore | Mo, Mao. Mo,

Seore | Seore | Score

1 17 129 574 832 1098 | 7.63 4 4 3 2 2 2
2 22 13 425 4.69 3.84 4.7 4 4 3 3 4 3
3 20 5 10.83 | 4.93 1432 | 587 t 3 2 3 i 3
4 53 32 1454 5.88 744 6.97 I 4 3 3 2 2
5 10 1.9 | 569 7.5 7.91 8.9 2 4 3 2 2 2
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Patien | BL |6- | 2™ 2 2" 2™ BL |4 2 2" 2 2
t# Mo | Imject | Inject | Inject | Imject | Seor | Meo. | Inject | Inject | Imject | Inject
. BL i- 3- 6-i¢ Sear BL =1, 3. 6
Me. Mo, Me e Score | Mo, Me. Me.
Seore | Score | Score
6 16 14 | 569 0,95 6.69 253 i 4 3 2 2 4
7 09 {23 | 735 8.38 6.77 8.19 4 4 2 2 2 2
8 20, |37 | 681 941 16,74 | 4.26 1 4 2 2 2 3
)
9 2.1 13 |3 4.47 3.88 3.82 4 4 4 3 4 4
18 66 |29 | 1L6t {3529 3.88 5.08 2 4 2 3 4 3
15 14 | 1.1 1161 | 221 3.14 211 4 4 2 4 4 4
1

Table 8. Effects of Human Mesenchymal Stem Cells on Ratio of CD4":CDS" T Cells

Patien | BL | 6- 2 2% 2 2™ BL |6 2% 2 2™ 2
t# Rati | Me. | Inject | Inject | Inject | Inject | Scor | Mo. | Inject | Imject | Inject | Inject
i} Rati BL - 3- 61 e Seer BL -1, 3i. 6
0 Ratip | Me. Mo. Mo. e Seere | Mo. Mo. Me.
Ratie | Ratie | Ratie Score | Scere | Score
1 077 1069 {048 1.03 0.68 0.66 I i 1 1 i I
2 217 {248 {098 t.16 148 .96 2 2 t { 2 1
3 166 | 194 {224 1.95 2.98 2.32 2 2 2 2 3 2
4 096 | 343 {649 2.18 367 4.59 i 3 4 2 3 4
5 234 1532 {505 427 445 379 2 4 4 4 4 3
6 094 | 347 4538 3.54 3.50 4.42 i 3 4 2 3 4
7 .51 1.60 1095 6.92 0.92 0.97 i 2 3 i i i
8 083 1226 {249 2.49 2.58 021 i 2 2 2 2 i
9 1.57 {268 | 1.56 2.48 1.25 0.67 2 2 2 2 1 i
18 302 (476 {397 3.26 4.66 2.65 3 4 3 3 4 2
15 068 | 194 {084 6.62 0.47 110 i 2 1 1 1 i

Table 9. Effects of Human Mesenchymal Stem Cells on Serum TNF-u Concentration

Patient # BL 6-Mo. &-Mo. Score
1 33 2.4 2
2 3.6 2.2 2
3 2.8 23 2
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Patient # BL 6-Mo. &-Mo. Seore
4 2.8 0.9 2
3 8 6.8 4]
6 32 i1 2
7 3.5 0.14 2
8 7.3 0 2
9 0.8 4.1 2
18 57 28 2
11 6.3 i 2
12 4.1 2 2
13 3.5 0.0 2
14 9.2 38 2
15 6.3 i2 2

Table 10, Total Dmmunosenescence Scores of Patientds

Patient # | BL 6-Mo. 2" nject. | 2°9 Inject. | 2" Inject. | 2™ Imject.
BL 1-Mo. 3-Mo. 6-Me.,
Seore Score Seere
1 i1 14 14 15 16 16
2 15 19 17 17 20 17
3 14 17 12 17 17 16
4 9 i8 20 21 21 21
5 14 21 18 23 18 20
6 7 19 19 17 19 22
7 12 17 14 15 15 14
8 9 19 17 19 19 16
¢ 17 19 135 19 17 1R
1] 16 24 19 20 24 240
15 15 19 14 17 18 18
Average 12.64 18.73 16.27 18.18 18.55 18




