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TREATMENT OF SEXUAL DYSFUNCTION ARD IMPROVEMENT IN SEXUAL
QUALITY OF LIFE

FIELD OF THE INVENTION

{60681} The present mvention relates to methods of {reating sexual dysfunction, particularly
female sexual dysfunction, and related disorders and conditions pertaining to sexual activity
and sexual satisfaction, and methods to enhance sexual satisfaction, particularly female
sexual satisfaction by adminisiering therapeutically effective amounts of isolated populations

of mesenchymal stem cells.

BACKGROUND OF THE INVENTION
{6082} Female sexual dysfimction (FSD) is a prevalent problem, afflicting approximately
40% of women. There are few treatment options. K.H. er of., Cardiovasc Hematol Agents
Med Chem. 7(4).260-269 (2009). FSD can be classified under many subtypes. For example,
female sexual arcusal disorder (FSAD) is a disorder characterized by a persistent inability to
aitain sexual arousal or fo maintain arousal until the completion of a sexual activity. Female
Sexual Interest/Arousal Disorder (FSTAD) is a diagnosis found when a subject experiences a
tack of or significantly reduced sexual interest or arousal. Female hypoactive sexual desire
disorder (FHSDD) is a general loss of interest in sexual activity. (ther subtypes exist, for
example, anorgasmia, a difficulty achieving orgasm. Currently, off-label use of testosterone
has been prescribed. A therapy approved by the FDA in August 2015 is the Sprout
Pharmaceuticals, Inc. product Addyi™ (flibanserin 100 mg), a once-daily, non-hormonal pill
for the treatment of acquired, generalized hvpoactive sexual desire disorder in premenopausal
women. In addition, there are several drugs that were the subject of clinical trials that affect
signaling in the brain. Wright, J.J. and O Connor, K M. Medical Clinics of North America
29(3):607-628 (2015). Because both hormonal and psycho-affective drugs can be associated
with serious negative side effects, alternative ireatment options are desired for treating this

prevalent condition.

SUMMARY

{6003} The present invention concerns a method of increasing libido and/or sexual

satisfaction in a patient, the method comprising administering to a patient in need thereof a
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therapeutically effective amount of a population of isolated human mesenchymal stem cells.
The present invention also concerns a method of treating sexual dysfunction in a patient, the
method comprising adnunistering to a patient in need thereof a therapeutically effective
amount of a population of isolated human mesenchymal stem cells as etther a short-term or a
fong-term therapy, wherein said sexual dysfunction is a sexual disorder selected from the
group consisting of hypoactive sexual desire disorder, orgasmic disorder, and sexual arousal

disorder.

[G084] In one aspect of the invention, the sexual dysfunction is hypoactive sexual desire
disorder. In another aspect of the invention, the patient is a human. In vet another aspeet of

the invention, the patient i3 a female.

[6665] In one embodiment of the invention, the mesenchymal stem cells are bone marrow-
derived mesenchymal stem cells, cord blood-derived mesenchymal stem cells, adipose tissue-
derived mesenchymal stem cells, or derived from induced pluripotent stem cells (iPSCs). 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 CD45. In
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. In some embodiments of the
invention, the mesenchvmal stem cells are allogeneic stem cells. In other ersbodiments of the
invention, the mesenchvmal stem cells are autologous stem cells. In yet other embodiments
of the invention, a muxture of allogeneic and autologous mesenchymal stem cells are
administered to the patient. In vet additional embodiments of the imvention, a mixture of

mesenchymal stern cells and non-oesenchymal stem cells are adroinistered to the patient.

G006} In another embodiment of the mvention, the mesenchvmal stem cells are administered
in a single dose. In another embodiment of the invention, the mesenchymal stem cells are
admimstered in multiple doses, e.g, two or more doses. In another embodiment of the

invention, the mesenchymal stem cells are administered at least yearly,

16667} In one embodiment, the mesenchymal stem cells are administered systemically. In
one embodiment of the invention, the mesenchymal stem cells are administered by infusion
or direct injection. In one embodiment of the invention, the mesenchymal stem cells are

administered intravenously, intraarterially, intramuscularly, intraperitoneally, subcutaneously,
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intradermally, orally, transendocardially, or intranasally. In a further embodiment, the
mesenchymal stem cells are administered intravenously. In a further embodiment, the

mesenchymal stem cells are administered intramuscularly.

{6068} In one embodiment of the invention, the mesenchymal stem cells are administered at a
dose of about 20x10° mesenchymal stem cells. In another embodiment of the invention, the
mesenchymal stem cells are administered at a dose of about 100x10° mesenchymal stem

cells.

[B089] In one embodiment of the invention, the mesenchymal siem cells are obtained from a
human donor and wherein a step of MHC matching of the human donor to the patient is not

emploved prior to the administration of the mesenchymal stem cells {o the patient.

{6010} In one embodiment of the invention, the treatment increases libido and/or sexual

satisfaction or reduces sexual dvsfunciion in the patient by 23%.

BRIEF DESCRIPTION OF THE FIGURE(S)

{6011} FIG. 1. Study Flow Chart. The flow chart outlines how patienis were screened and
randomized for the CRATUS study.

{6012} FIG. 2. Sexual guality of life-female (SQOL-F) guestionnaire, There was a mean
fncrease in the 100M-group (p=0.0348) from baseline to 6-months as compared to the 200M-

group {(p=0.882) and placebo (p=0.941). * indicates p < 0.05.

DETAHED DESCRIPTION

[6613] Embodiments may be practiced without the theoretical aspects presented. Moreover,
the theoretical aspects are presented with the understanding that the embodiments are not

bound by any theory presented.

{6014} Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understooed 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 oveily formal sense unless

expressty so defined herein,
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16615} The terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting. As used herein, the singular forms "a”, “an” and “the”
are miended to include the plural forms as well, unless the context clearly indicates
otherwise. Furthermore, 10 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 sinular {0 the term “comprising.”

[B016] Recitation of ranges of values herein are merely intended to serve as a shorthand
method of referring mdividually 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 herein, is intended merely to better illuminate the mvention and
does not pose a limitation on the scope of the invention unless otherwise claimed. No
language in the specification should be construed as indicating any non-claimed element as

essential {o the practice of the mvention,

{3017} The term “about” or “approximately”™ means within an accepiable 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, 7. e., the limitations of the measurement system. 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 Patients

16618} ~A therapeutically effective amount” means an amount that increases libido and/or
sexual satisfaction or reduces sexual dysfunction in the patient. The dosage and number of
doses {e.g., single or multiple dose} administered to the patient will vary depending upon a
variety of factors, including the route of admimstration, 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.

{6619} In one embodiment of the invention, the isolated population of mesenchymal stem
cells i3 admunistered as a single dose. In another embodiment, the isolated population of
mesenchymal stern cells is adrotnustered in roultiple doses, e.g., two or more doses. In other
embodiments, the isolated population of mesenchymal stem cells is administered at least

yearly.
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6620} In another embodiment of the invention, the adminisiration of the isolated population
of mesenchymal stem cells 1s repeated, such as atleast 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, or 18 months after the first admimstration of the isolated population of
mesenchymal stem cells, or repeated at least 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 administration of the isolated

population of mesenchymal stem cells.

{6021} In one embodiment of the invention, the isolated population of mesenchymal stem
cells is administered at a dose of about 1x10°, 2x10°, 5x10°, 10x10°, 20x10°, 30x10°, 40x10°,
50x10°, 60x10°, 70x10°%, 80x10°, 90x10°, 100x10°, 110x10°, 120x10°, 130x10°, 140x10°,
150x10°, 160x10°, 170x10°, 180x10°, or 190x10° mesenchymal stem cells. In a {urther
embodiment, the 1solated population of mesenchymal stem cells 15 admimstered at a dose of
about 20x10° mesenchymal stem cells. In a further embodiment, the isolated population of
mesenchymal stem cells is administered at a dose of about 100x10° mesenchymal stem cells.
In further embodiments, the isolated population of mesenchymal stem cells is administered at
a dose of from about 10-100x10° 20-100x10°%, 30-100x10°, 0.1-5x10° 0.1-10x10° 0.1-

100x10°, 1-50x10°, 1-100x10°, 0.01-10x10° or 0.01-100x10° mesenchymal stem cells.

{6622} In some embodiments, the therapeutically effective amount of the isolated population
of mesenchymal stem cells is sufficient to increase the libido and/or sexual satisfaction in the
patient, i.e., an increase in hibido and/or sexual satisfaction by at least 5%. 10%. 15%. 20%,
25%, 30%, 35%, 40%, 45% 30%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%,

200%, 300%, 400%, or 500%.

{30623} In some embodiments, the therapeutically effective amount of the isolated population
of mesenchymal stem cells is sufficient to reduce sexual dysfunction in the patient, ie, a
reduction 1 sexual dvsfunction by at least by 3%, 10%, 15%, 20%, 25%., 30%, 35%, 40%,

45% 50%, 55%., 60%, 65%, 70%. 75%, 80%, 85%, 90%, 95%, or 100%.

{6024} “Administering” a composition may be accomplished by any technigue known in the
art, including, bul not limited to, oral administration, injection, infusion, parenieral,
mtravenous, mucosal, sublingual, intramuscular, intradermal, intranasal, intraperitoneal,
intraarterial, subcutaneous absorption or by any method in combination with other known
techniques. In one embodiment of the mvention, the isolated population of mesenchymal

stem cells 1s administered systemically. In another embodiment of the invention, the isolated
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population of mesenchymal stem cells is administered by infusion or direct injection. In one
embodiment of the invention, the isolated population of mesenchymal stem cells is
admiristered intramuscularly, imtravenously, intraarteerially, mtraperitoneally,
subcutaneousty, intradermally, orally, transendocardially, or intranasallv. In a further
embodiment, the isolated population of mesenchymal stem cells i3 administered
wtramuscularly. In a further embodiment, the isolated population of mesenchymal stem cells

is admimstered mtravenously.

[6025] The term “patient” 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 bumans >65 vears of age, or elderly humans 60-95 years of

age. In some embodiments, the human patient 1s a female.

{6026} 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 to another non-identical

animal of the same species.
{6027} The term “auiologous” means derived from the same organism.

[B028] As used herein, the phrase “in need thereof” means that the patient has been identified
as having a need for the particular method or freatment In some embodiments, the
identification can be by any means of diagnosis. In any of the methods and treatments

described herein, the patient can be in need thereof,

[6629] Cells are referred to herein as being positive or negative for certain cellular or protemn
markers. For example, a cell can be negative for CD43, which can also be referred to as

>

CD45- The superscript notation =" refers to a cell that is negative for the marker linked to
the superscript. In contrast, a marker with the “+” refers to a cell that is positive for that
marker. For example, a cell that is referenced as “CD8&+” is positive for CD8. A “+” can
also be used to reference the marker as positive. A “-” can also be used to reference the

marker as negative.

{6030} 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 iself for long periods or, in the

case of adult stem cells, throughout the Iife of the organism. It also can give rise to

&
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specialized cells that make up the tissues and organs of the body. In one embodiment of the
fnvention, the stem cells are adult stem cells, such as, but not limited to, mesenchymal stem
cells, hematopoietic stem cells, neural stem cells, epithelial stem cells, and skin stem cells. In

another embodiment of the invention, the stem cells are embryonic stem cells.

16631] Mesenchymal stem celis are the formative pluripotent blast cells found, inter alia, in
bone marrow, blood, dermis, and periosteum that are capable of differentiating tnto 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 bicactive factors, such as

cvtokines.

[6632] Certain methods of isolating and/or purifving mesenchymal stem cells have been
described herein and/or are known i the art. In some ernbodirernts, mesenchymal stem cells
are isolated from bone marrow of adult humans. In some embodiments, the cells are passed
through a density gradient fo eliminate undesired cell types. The cells can be plated and
cultured in appropriate media. In some embodiments, the cells are cultured for at least one
day or about three to about seven days, and moay include removal of non-adherent cells. The

adherent cells can then be plated and expanded.

{6033} Other methods for isolating and cultwring stem cells are also known in the art.
Placenta is an excellent readily available source for mesenchymal stem cells. Moreover,
mesenchymal stem cells can be denvable from adipose tissue and bone marrow stromal cells
are speculated to be present in other tissues. While there are dramatic qualitative and
guantitative differences in the organs from which adult stem cells can be derived, the initial
differences between the cells may be relatively superficial and balanced by the similar range

of plasticity they exhibit.

{6034} Homogeneous human mesenchymal stem cell compositions are provided which serve
as the progenitors for all mesenchymal cell lineages. Mesenchymal stem cells are identified
by specific cell surface markers, which may be identified with unique monoclonal antibodies.
The homogeneous mesenchymal stern cell cormpositions are obtained by positive selection of
adherent marrow or pernosteal cells that are free of markers associated with either
hematopoietic or differentiated mesenchymal cells. These isolated mesenchyvmal cell

populations display epitopic characteristics associated with only mesenchymal stem cells,
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have the ability to regenerate in culture withowt differentiating, and have the ability to
differentiate into specific mesenchymal lineages when either induced in vifro or placed in

vivo at a site of inflarmmation.

{6035} 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
locations from which human mesenchymal stem cells can be obtained include embryonic
volk sac, placenta, umbilical cord, fetal and adolescent skin, and blood. In some
ernbodiments, the mesenchymal stem cells are obtained from cord blood, adipose tissue, or

induced pluripotent stem cells (iPSCs).

{6036} In some ernbodiments, the human mesenchymal stem cells of the nvention are
identified by the absence of certain markers. For example, human mesenchymal stem cells
useful in the invention include those that are negative for STRO-1 and/or negative for CD45.
Similarly, human mesenchymal stem cells usefid in the invention include those that do not

express fibroblast surface markers or have a fibroblast morphology.
Increasing Libido and/or Sexual Satisfaction or Reducing Sexual Dysfunction

{6037} As discussed above, the present invention relates to methods to treat or reduce sexual
dysfunction and related disorders pertaining to sexual activity and sexual satisfaction, and
methods to enhance or increase sexual satisfaction, in some embodiments female sexual
satisfaction. The present disclosure also relates to methods to treat wornen to reduce time to

orgasm, to increase intensity of orgasm, and to improve sexual quality of life.

16038} As used herein, the terms “female sexual dysfunction” or “FSD” refer generally to the
tmpairment of the sexual function in a female. Sexual dysfunction in females includes
inhibited orgasm. Female sexual dyvsfunction includes, but is not linmited to, a number of
categories of diseases, conditions and disorders including female hypoactive sexual desire
disorder {FHSDD or HSDD, used interchangeably herein), female orgasmic disorder (FOD,
sexual anhedonta, female sexual interest/arousal disorder (FSIAD), and female sexual arousal
disorder (FSAD). Hypoactive sexual desue disorder includes a disorder in which sexual
fantasies and desire for sexual activity are persistently or recurrently diminished or absent,

causing marked distress or interpersonal difficulties. Sexual anhedonia includes decreased or

8
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absent pleasure in sexual activity. Sexual arousal disorder can be caused by reduced
estrogen, illness, or treatment with divretics, antihustamines, antidepressants, or

antihypertensive agents. The worman can experience mild, moderate, or severe FSD.

{6039} In one embodiment, FSD, FSAD, FOD and FHSDD are as defined in the Diagnostic
and Statistical Manual of Mental Disorders (DSM), 4th edition, the contents of which
definitions are incorporated herein by reference. In another embodiment, the disorder is
female sexual interest/arousal disorder {FSIAD), which encompasses FSAD and FHSDD.
FOD and FSIAD are defined in the Diaguostic and Statistical Manual of Mental Disorders
{DSM), S5th edition, the contents of which definitions are hereby incorporated herein by
reference. The diagnostic criteria for FSIAD include a lack of, or significantly reduced,
sexual mterest/arousal, as manifested by at least three of the followmmg: (1) absent/reduced
interest in sexual activity; (2) absentreduced sexual/erotic thoughts or fantasies; (3)
no/reduced initiation of sexual activity, and typically unreceptive to a partner's attempts to
initiate; {4) absent/reduced sexual exciternent/pleasure during sexual activity in almost all or
all sexual encounters; (5) absent/reduced sexual interest/arousal in response to any internal or
external sexual/erctic cues; and (6) absent/reduced genital or nongenital sensations during
sexual activity in almost all or all sexual encounters. In FSIAD, these symptoms have
persisted for a mimmum duration of approximately six months and cause the patient

significant distress. The diagnostic criteria for FOD are as follows:

1684G] A. Presence of either of the following symptoms and experienced on almost all or all
(approximately 75%-100%) occasions of sexual activity {in identified situational contexts or,
if generalized, wn all contexts): (1), Marked delay in, marked infrequency of, or absence of

orgasm. {2). Markedly reduced intensity of orgasmic sensations.

{6041} B. The symptoms in Crterion A have persisted for a mimimum duration of

approximately 6 months.
{6042} C. The symptoms in Criterion A cause clinically significant distress in the individual.

{8643} D. The sexual dysfunction is not better explained by a nonsexual mental disorder or as
a consequence of severe relationship disiress {e.g., pariner violence} or other significant
stressors and is not atiributable to the effects of a substance/medication or another medical

condition.



WO 2018/236680 PCT/US2018/037725

6044} The diagnosis of FOD also asks the clinician to specify whether (1) Lifelong: The
disturbance has been present since the individual became sexually active or (2) Acquired:
The disturbance began after a period of relatively normal sexual function. Also, the clinician
is to specify whether {1} Generalized: Not limited to certain types of stimulation, situations,
or pariners or (2) Sttuational: Only occurs with certain types of stimmlation, situations, or
partners. The clinician is to specify if the patient never experienced an orgasm under any
situation. The clinician is also to specify the current severity: (1) Mild: Evidence of mild
distress over the symptoms in Criterion A, (2) Moderate: Evidence of moderate distress over
the symptoms in Criterion A, (3} Severe: Evidence of severe or extreme distress over the
symptoms in Criterion A, As reported in the Diagnostic and Statistical Manual of Mental
Disorders (DSM), Sth edition, page 431, selective serotonin reuptake inhibitors (SSRis) are

known to delay or inhibit orgasm in women.

[B045] According to certain of the methods disclosed herein, to treat female sexual
dysfimction disorder(s} or to enhance female sexual satisfaction, a therapeutically effective
amount of an isolated population of mesenchymal stern cells 1s admiustered to the patient in
need thereof In one aspect of the invention, there is a method of treating FSD, FSIAD,
FSAD, FSOD, or FHSDD, comprising administering to a patient in need of such treatment a

therapeutically effective amount of an isolated population of mesenchymal stem cells.

{6046} In other embodiments, the invention is direcied to methods of mcreasing female
sexual satisfaction, increasing duration of orgasm, reducing time to orgasm, increasing
intensity of orgasm and/or increasing oxvtocin release related to sexuval activity by
administering a therapeutically effective amount of an isolated population of mesenchymal
stem celis. In other erabodiments, the invention is directed to methods of increasing female
sexual self-esteem and/or increasing a female patient’s self-perception of femininity by
administering a therapeutically effective amount of an isolated population of mesenchymal

stem cells.

{6047} Enhancement of female sexual satisfaction, female sexual self-esteem, female self-
esteem, and female self-perception of femininity can be measured by patient questionnaires
to determine if the patient’s quality of life, particularly in sexual matters, is enhanced by the
present therapeutic methods. Enhancement can also be determined by a change from baseline
in the number of satisfying sexual events (SSE), a change from baseline in the level of sexual

interest or desire, a change from baseline in the level of sexual arousal, or a change from

10
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baseline in the level of distress from sexual activities. Baseline may be defined as a four-
week no-treatment phase or a four-week placebo ran-in phase. Changes {rom baseline
typically refer to the treatiuent responses obtained during the last four weeks of a double-
blinded treatment period relative to baseline. The time period used for assessing baseline
{e.g., four weeks) should be the same as the time period used for assessing treatment
responses {e.g.. four weeks at the end of the treatment period). Esnhancement of self-esieem
or female sexual self-esteem may be measured by any one of the questionnaires and scales
available in the art such as, without limitation, those disclosed in Heatherton, T.F. & Polivy,
Y. J. Personality and Sociai Psychology, 60:895-910 (1991); Rosenberg’s Self-Esteem Scale
found on October 30, 2016 at

http://www. wwnorton. conv'college/psych/psychsci/media/rosenberg him; and Rosenberg self-
esteem scale published in Rosenberg, M. “Society and the adolescent self-image,” Princeton
University Press, Princeton, NI (1965). In one embodiment, the questionnaire is completed
by the female patient at a time prior to administration of the therapeutically effective amount
of an isolated population of mesenchymal stem cells and prior to one or more gpisodes of
sexual intimacy, and then the questionnaire is completed again by the same patient after the
administration of the therapeutically effective amount of an isolated population of

mesenchymal stem cells and the occurrence of one or more episodes of sexual intimacy.

16048 The patients to be treated with the present invention include humans, and in certain
embodiments are pre-, per- and post-menopausal women. In one embodiment, the woman is
concomitantly on hormone replacement therapy. In another embodiment she is not on

concomitant hormone replacement therapy.

[G049] In another embodiment, the patients to be treated is a mammal, such as non-human
primates (particularly higher primates), sheep, dog. rodent (e g, mouse or rat}, guinea pig,
goat, pig, cat, rabbits, cow, and panda. Treatment in non-human mammals may be desirable

1o accelerate conception during mating.

{6050} In one embodiment, the patient to be treated i1s a human or animal concomitantly
taking one or more SSRI or antidepressants, such as antidepressants used in the treatment of
major depressive disorder and anxiety disorders. SSRIs may cause a variety of sexual
dysfimction, such as anorgasmia, erectile dyvsfunction, diminished libido, genital numbness,
and sexual anhedonia (pleasureless orgasm). To mummize or reduce these side effects, the

mesenchymal stem cells of the present disclosure according to any of the methods of

1
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administration disclosed herein may also be adnmunistered to the patient concomitantly with
the SSRI therapy. By “concomutantly” is meant herein (o be administered in the same day,
week or month, not necessarily at the same time of day, however. SSRIs mnclude the
following: citalopram, fluvoxamine, escitalopram. paroxetine, sertraline, fluoxetine, and
dapoxetine. The compositions and methods of the present disclosure may also be used with a
patient who concomitantly is taking tricyelic antidepressants or serolonin-noradrenaline
reuptake inhibitors (SNRIs). Examples of SNRIs include the following: venlafaxine;

desvenlafaxine, duloxetine, milnacipran, levomilnacipran, and sibutramine.

{6051} As used herein, the terms “treat,” “treatment,” or “treating” refer to therapeutic
treatments, wherein the object is 1o reverse, alleviale, ameliorate, inhibit, slow down or stop
the progression or severity of a disease or condition, e.g, FSD. The term “treating” includes
reducing or alleviating at least one adverse effect or symptom of a disease or condition, e.g.,
FSD. Treatment is generally “effective™ if one or more symptoms are reduced. That is,
“treatment” includes the improvement of symptoms. Beneficial or desired clinical results
mclude, but are not limited to, alleviation of one or more symptom(s) and diminishment of
extent of disease. For example, freatment of FSD ig considered effective if the number of
satisfying sexuval events (SSE) is increased from baseling in a sampled time {e.g., 4 weeks), in
a significant marmer. Other established metrics to determine treatment efficacy for FSD
include, for example, FSFI (female sexual function index), SAL (Sexual Activity Log), SAR
(Sexual Activity Record), FSPS (Female Sexual Distress Scale), and the FSDS-R (Female

Sexual Distress Scale Revised).

[B032] In one embodiment, a therapeutic effect is seen when the difference from basehine is a
"minimally important difference” or “MIN” defined in:  DeRogatis, L. et al, Journal of
Sexual Medicine, 6:175-183 (2009}, the contents of which are incorporated herein by

reference. Such a change may be small but meaningful to patients.

{6053} Efficacy of treatment for FSD and enhancement of sexual satisfaction can be
determined by monitoring the number of satisfving sexual events (SSE) in a given
experimental period. For example, a questionnaire may be administered by a clinician asking
the number of SSEs a patient has experienced in a given four-week period. A treatment can
thus be administered for another four~week period and the questionnaire can be re-assessed at
the end of the treatment. An increase in SSE from baseline can then be evaluated, for

exarmple, in a statistically significantly large cohort. As but one example, an average increase

12
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from 6 10 6.7 SSEs would show efficacy of a treatment. Simularly, secondary endpoints could
mclude questionnaires assessing sexual satisfaction, e.g, change from baseline to end-of-
study in arousal domain score, female sexual function index, satisfaction with arousal, desire
domain from female sexual function index, satisfaction with desire, quality of relationship
with partner, and a female sexual distress scale. Other established metries to determine
treatmuent efficacy for FSD can also be used, and theyv include, for example, FSFI (female
sexual function index), SAL {(Sexual Activity Log), SAR {Sexual Activity Record), FSDS
{Female Sexual Distress Scale), and the FSDS-R (Female Sexual Distress Scale Revised).

{6054} Other parameters to measure or quantify sexual arousal in females include arousal
domain score from female sexual function index, satisfaction with arousal, desire domain
from female sexual function index, satisfaction with desire as measuwred, quality of
relationship with partner, and change in hormone levels such as oxytocin. A treatment is
considered effective if any one or a combination of these parameters is increased as compared

to a reference level that is measured in the absence of the {reaiment,
Compositions

{6035} Compositions for use in the invention mayv be formulated using any sutiable 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 admimstered and the
desired route of adnunistration. Suitable types of formulation are known in the art, many of
which are fully described in Remington's Pharmaceutical Sciences, 19th Edition, Mack

Publishing Company, Eastern Pennsylvania, USA.

16056] Compositions may be prepared together with a physiclogically acceptable carrier or
dituent. Typically, such compositions are prepared as hquid suspensions of cells. The cells
mav be muxed with an excipient which is pharmaceutically acceptable and compatible with
the active ingredient. Suitable excipients include, for example, water, saline, dexirose,

glyeerol, of the like and combinations thereof.

{8057} In addition, if desired, the pharmaceutical compositions of the invention may contain
minor amounts of auxihary substances such as wetting or emulsifying agents, pH buffering
agents, and/or adjuvants which enhance effectiveness. In one embodiment of the invention,

the adjuvant comprises human serum albumin (HSA).
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{6058} One suitable carrier or diluent is Plasmabyte A™ Thig is a sterile, nonpyrogenic
isotonic solution for intravenous admunistration. Each 100 mlL contains 526 mg of Sodium
Chioride, USP (NaCl);, 502 mg of Sodium Gluconate (C¢HNaQ;), 368 mg of Sodium
Acetate Trihydrate, USP (C,H;NaG,3H,0); 37 mg of Potassium Chloride, USP (KCH): and
30 mg of Magnesium Chlornide, USP (MgCL6H,0). It contains no antimicrobial agents. The

pH is adjusted with sodium hydroxide. The pH is 7.4 (6.5 10 8.0).

{3839} In one embodiment of the invention the mesenchymal stem cells are not genetically
manipulated. o another embodiment of the jnvention, the mesenchymal stem cells are
cryopreserved. For example, the mesenchymal stem cells can be suspended in cryoprotectant
consisting of Hespan® (6% hetastarch in 0.9% sodium chioride) supplemented with 2% HSA
and 5% DMSO and then aliquoted into cryopreservation containers for placement in vapor
phase nitrogen freezers. In another embodiment, the mesenchvmal stem cells may be

provided in Plasmal.yte A™ supplemented with 1% HSA.
EXAMPLES

{6060} The following example illustrates some embodiments and aspects of the invention. It
will be apparent {0 those skilled in the relevant art that various modifications, additions,
substitutions, and the like can be performed without altering the spirit or scope of the
imvention, and such modifications and variations are encompassed within the scope of the
fnvention as defined in the claims which follow. The technology disclosed herein s further
iHlustrated by the following examples which in no way should be construed as being further

fimiting.

16061 The Allogenei” Human Mesenchymal Stem Cells in Patient with Aging FRATY via
IntravenoUS Delivery (CRATUS) study is a phase II, randomized, double-blinded, placebo-
controlled study of allogeneic human mesenchymal stem cells (alio-hMSCs) (100 or 200-
million cell dose) versus placebo delivered intravenously (1Y) in frail individuals to test the
safety and efficacy of allo-hMSCs in reducing markers of inflammation and improving
markers of physical and mental functioning and quality of life.  Screening and patient

randomization are outlined in FIG. 1.

Patient population and timeline
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16062} Patient eligibility required diagnosis or symptomatology of frailty, defined by a frailty
score between 4-7 as denoted by the Canadian Study on Health and Aging. Koller, K. ef al,
Cleve Clin. J. Med 807{3):168-174 (2013); McElhaney, I E. ef af, Curr. Opin. Immunol.
21{4):418-424 (2009). All patients were 260 and <95 of age at the time of consent. Table 1
shows the baseline characteristics of the enrolled patients. Sixty percent of the patients were

white males and the mean age was 75.5+7.3 vears.

Table 1 - Treatment Group

Characteristics Alo-100M Alo~200M Placebe Total
(N=10) N (%) | (N=18) N (%) {(N=10) N {(MN=30) N
) (%o}
Gender | Male 6 (60%;) 6 (60%) 6 (60%:) 18 (60%)
Female 4 (40%) 4 (40%) 4 (40%) 12 (40%)
Ethmicit | Hispanic or 1 (10%) 1 {10%) 2 (20%) 4{13.3%)
¥ Latino
Not Hispanic | 9 (90%: 9 (90%) 8 (R0%) 26 (86.7%)
or Latino
Race American 0 (%) 1 (10%) 0 (0% 1(3.3%)
Indian/Alaska
n Native
White 10 (100%) 9 (90%) 10 (100%) 29 (96.7%)
American
Age at infusion (years) [ 75074 763+ 84 753+ 6.8 755+73
Infusion | Yes 10 (100%) 10 {100%) 10 {100%) 30 (100%)
Status
No 0 (0% 0 (0%) 0 (0% 0 (0%)
Unknown 0 {0%) 0 {0%) 0 (0%) 0 (0%
Canadia | 4 5¢50% 7 (70%) 5 (50%) 17 (56.7%)
n
Clinical | 5 3 (30%;) 1 (10%) 5 (50%) 9 (30%;)
Frailty : _
Score 6 2 {20%) 2 (20%) 0 (0%) 4(13.3%)
7 0 {0%) 0 (0%) 0 (0% 0 {(0%)
Mini Mental State 203+08 285+ 11 2054+ 1.0 201+ 1.0
Examination
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Characteristics Allo-1008 Alle-200M Placebo Total
(N=10) N (%) | (N=1G} N (%%} {N=10) ™ {N=30} N
(%) %)
Hemoglobin Level 141+12 i35+ 1.3 14312 140413

{g/dL)

WBC Count (cells/mm’)

7160 + 2438

6600 + 1304

7070+ 2215

6943 + 1989

Platelet Count 207.000£64.3 | 194,500+37,9 | 194,500+578 | 198,667+529
{cells/num’) 89 36 80 99

AST (U/L) 245+76 207 +3.6 293 £ 111 24.8+85
ALT (U/L) 230+ 162 16.5+ 6.0 31.9+ 156 | 238+ 14.5

Six Minute Walk Test
(m)

3459+ 103.4

390.6+ 1439

385.8 £ 83.1

374141129

FEVI (L) 25407 23409 234058 24407
FEV1 {percent 90.6+ 104 86.9+254 879+ 152 885+ 17.6
predicted)

Tumor Necrosis Factor- | 3.2 (2.8, 3.8) 32¢26,34) ZAGL3D 1312134

a {(pg/mi}

Values are Mean + 8td. Dev., N (%), or Median {interquartile range [IQR]). FEV1 (Liters),
Forced Esxpiratory Volume in one second Hemoglobin (grams/deciliter). WBC
(cells/millimeters”), white blood cells. AST (U/L). Aspartate Aminotransferase (units/liter}.
ALT, Alanine Aminotransferase. 6 minuie walk test distance (m, meters). Tumor MNecrosis
Factor-a {pg/mL, picogram/milliliter).

Study endpoints

{6863} The pnmary endpoint was the safety of allo-hMSCs at -muonih, assessed by treatment
emergent-serious adverse events {TE-SAE). TE-SAE was defined by the following: death,
nonfatal pulmonary embolism, stroke, hospitalization for worsening dyspnea, and clinically

significant laboratory abnormalities.

{6064} The secondary endpoints assessed the efficacy of the therapy. Efficacy was
demonstrated by differences in the rate of change of frailty markers as defined by: reduced
activity {(Community Healthy Activities Model Program for Seniors (CHAMPS)
guestionnaire), slowing of mobility (6 minute walk test (SMWT), 4-meter gait speed test
(4MGST), and the short physical performance battery (SPPB) score, comprised of balance

tests, gait speed tfests, and chair stand tests), weight loss, diminished hand grip strength

16



WO 2018/236680 PCT/US2018/037725

{dynamometry}), exhaustion multidimensional fatigue inventory (MFI), quality of life
assessments (Sexual Quality of Life-Female (8SQOL-F)} and International Index of Erectile
Dysfunction (IIEF) Questionnaires), dobutamine-induced ejection fraction (EF) via
echocardiography, C-reactive protein (CRP), IL-6, D-dimer, complete blood cell count

(CBC) with differential, and TNF-a.
Statistical analysis

{30651 No formal statistical justification was performed 1o determine sample size for this
study. Sample size was determined o be appropriate for an early phase study {0 assess safety
in this population. Due to the early phase nature of this study, no adjustments were made for

mutltiple analyses.
RESULTS
Safety

{6066} No TE-SAEs occurred in any of the three groups in the first 30 days. Similarly, there
were no cumulative treatment-related SAEs in either group throughout the duration of the
study. None of the patients showed any signs of adverse cardiopulmonary reaction following
the intravenous infusion. There were no clinically significant changes in basic hematologic

and chemistry laboratory tests throughout the duration of the study.
Long-term adverse events

{3067} One patient in the 200M-group died of an unrelated event prior to the [2-month
follow up. Additionally, one patient in the placebo bad an unrelated stroke 307 days post-
infusion. The proportion of patients with adverse events at 12 months did not differ between

groups at the 6- and 12-month time points (p=0.300 and p=0.141, respectively}.
Rehospitalization

[6668] There were 5 patients who required hospitalization within the 12-month follow-up.
Three of the hospitalizations were reported in two patients in the 100M-group, all of which
were moderate in severity, however, none of the hospitalizations were secondary to the
procedure. No patients i the 200M-group were hospitalized. The remaining 3 patients

belonged to the placebo group, 1 with a hospitalization that was moderate in severity, and 2
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with at least one severe hospitalization. None of the hospitalizations were related to the

procedure.
Sesual quality of life

[666%] Unexpectedly, among female patients, the SQOL-F exhibited a remarkable increase in
the 100M-group at 6-months (39.8+13.3 fo 76.0+£12.9, p=0.033), but no changes were
observed in the 200Mgroup (p=0.842) or placebo (p=0.941; FIG. 2). Conversely, there were
no differences among male participants in the HEF from baseline to 6-months (p=0.666).
This 1s a particularty meanimgiul marker of improved quality of life, as loss of libido in post-
menopausal women is intrinsically linked to hypoactive sexual desire disorder (HSDD), &

disorder marked by clinically significant personal distress.
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WHAT IS CLAIMED ES:

1. A method of increasing libido and/or sexual satisfaction in a patient, the method
comprising administering to a patient in need thereof a therapeutically effective amount of a
population of isolated human mesenchymal stem cells.

2. A method of treating sexual dysfunction in a patient, the method comprising
administering 1o a patient in need thereof a therapeutically effective amount of a population
of isolated human mesenchymal stem cells as either a short-term or a long-term therapy,
wherein said sexual dyvsfunction is a sexual disorder selected from the group consisting of

hypoactive sexual desire disorder, orgasmic disorder, and sexual arousal disorder.

3. The method of claim 2, wherein said sexual dysfimction is hypoactive sexual destre
disorder.

4. The method of any one of claims 1-3, wherein the patient is a human.

5. The method of any one of claims 1-4, wherein the patient is a female.

6. The method of any one of claims 1-5, wherein the mesenchymal stem cells are bone

marrow~derived mesenchymal stern cells, cord blood-derived mesenchymal stem cells,
adipose tissue-derived mesenchyrual stero cells, or derived from induced pluripotent stern
cells GPSCs).

7. The roethod of any one of claums 1-6, wherein the mesenchyral stem cells are
allogeneic stem cells.

8. The method of any one of claims 1-6, wherein the mesenchymal stem cells are
autologous stem cells.

9. The method of any one of claims 1-8, wherein the mesenchymal stem cells are co-
administered with non-mesenchvmal stem cells.

10.  The method of any one of claims 1-9, wherein the mesenchymal stem cells do not

express STRO-1.
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11, The method of any one of claims 1-10, wherein the mesenchymal stem cells do not
gxpress CD4S.

12, The method of any one of claims 1-11, wherein the mesenchymal stem celis do not
express fibroblast surface markers or have a fibroblast morphology.

13, The method of any one of claims 1-12, wherein the mesenchymal stem celis are not
genetically manipulated.

14, The method of any one of claims 1-13, wherein the mesenchymal stem cells are
administered in a single dose.

15, The method of any one of claims 1-13, wherein the mesenchymal stem cells are
administered in two or more doses.

16. The method of any one of claims 1-15, wherein the mesenchymal stem cells are
admunistered every 6 months,

17.  The method of any one of claims 1-13, wherein the mesenchymal stern cells are
administered at least vearly.

18, The method of any oue of claims 1-17, wherein the mesenchymal stern cells are
administered svstenmically.

19, The method of any one of claims 1-18, wherein the mesenchymal stern cells are
administered by infusion or direct injection.

260 The method of anv one of claims 1-19, wherein the mesenchymal stem cells are

admanistered intravenously, intraarterially, or intrapernitoneally.

21 The method of claim 20, wherein the mesenchvmal stem cells are administered
intravenously .
22.  The method of any one of claims 1-21, wherein the mesenchymal stem cells are

administered at a dose of about 20x10° mesenchymal stem cells.
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23, The method of any one of claims 1-21, wherein the mesenchymal stem cells are
administered at a dose of about 100x10° mesenchymal stem cells.

24, The method of any one of claims 1-23, wherein the mesenchymal stem celis are
obtained from a human donor and wherein a step of MHC matching of the human donor to
the patient 1s not emploved prior to the administration of the mesenchymal stem cells to the
patient.

25. The method of any one claims 1-24, wherein treatment increases libido and/or sexual
satisfaction or reduces sexual dysfunction in the patient by at least 25%.

26, The method of claim 25, wherein the increase in libido and/or sexual satisfaction or
reduction in sexual dvsfunction is measured according to a Sexual Quality Of Life — Female

guestionnaire.
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