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CLAIMS

What is claimed is:

1. A method of preparing an oocyte for in vitro fertilization (IVF) or artificial
insemination, the method comprising transferring a composition comprising i) ooggnial stem cell
5 (OSC) mitochondria, or ii) mitochondria obtained from a progeny of an OSC, ifo an autologous

oocyte, thereby preparing said oocyte for IVF or artificial insemination.

2, The method of claim 1, wherein the OSC is an isolated non-emryonic stem cell that is
mitotically competent and expresses Vasa, Oct-4, Dazl, Stella-and oftionally a stage-specific

10 embryonic antigen.

3. The method of claim 1, wherein the OSC is obtained from ovarian tissue.
4, The method of claim 1, wherein the OSC is oljfined from non-ovarian tissue.
15 .
5. The method of claim 4, wherein the non-giarian tissue is blqod.
6. The method of claim 4, wherein thefion-ovarian tissue is bone marrow.
20 7. The method of claim 1, wherej the composition comprising an OSC mitochondria, or

mitochondria obtained from a progefly of an OSC, is the cytoplasm of said cells without a

nucleus.

g. The method of claigf 1, wherein the composition comprising 1) OSC mitochondria, or i)

25 mitochondria obtained fifm a progeny of an OSC, is a purified preparation of mitochondria.

9. A composifon comprising isolated OSC mitochondria or mitochondria obtained from a

progeny of an OFC,

30 10, Thg/composition of claim 9, wherein the composition is at least about 85%, 90%, 95%

free of cfflls or non-functional mitochondria.
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13. An oocyte comprising exogenous, autologous OSC mitochondria or mitochondria

obtained from the progeny of an OSC.

14. A method of in vitro fertilization, said method comprising the steps of:
a) obtaining a composition comprising i) mitochondria from ag/OSC, or i)
mitochondria obtained from a progeny of an OSC;
b) transferring the composition into an isolated, autologoys oocyte; and

c) fertilizing the autologous oocyte in vitro to form a Zgote.

15. The method of claim 14, further comprising transferring tf zygote, or a preimplantation

stage embryo derived from said zygote, into the uterus or ovidyft of a female subject.

16. A method of isolating a population of functional ghitochondria from at least one OSC, or
at least one progeny of an OSC, said method comprisipf the steps of incubating a composition
comprising at least one OSC, or at least one progeny of an OSC, with a fluorescent
mitochondrial tracking probe selected from the gfoup consisting of a non-oxidation dependent
probe, accumulation dependent probe and reddced oxidative state probe under conditions
sufficient to bind the probe to the functiond] mitochondria and sorting the functional
mitochondria using fluorescence-activagld cell sorting, thereby isolating the population of

functional mitochondria from at leagfone OSC, or at least one progeny of an OSC.

18. A method of fentifying a population of functional mitochondria obtained from at least
one OSC, or at leag one progeny of an OSC, said method comprising the steps of:
incubating a composition comprising at least one OSC, or at least one
progghy of an OSC, with a ﬂuoreécent reduced oxidative state probe and a fluorescent
agfumulation dependent probe under conditions sufficient to bind the fluorescent
educed oxidative state probe to functional mitochondria in the composition and bind the
fluorescent accumulation dependent probe to total mitochondria in the composition;

b) obtaining a composition comprising the functional mitochondria using
fluorescence-activated cell sorting, wherein said composition excludes non-functional
mitochondria;

¢} determining the amount of functional mitochondria and the amount of total

mitochondria; and
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d) calculating the ratio of functional mitochondria to total mitochondria; and
e) determining whether the ratio is greater than about 0.02, thereby identi inga
population of functional mitochondria obtained from at least one OSC, or at leagh one

progeny of an OSC,

19. The method of claim 18, wherein the fluorescent accumulation dependéat probe

fluoresces in the green spectrum.

20. The method of claim 18, wherein the fluorescent reduced oxightive state probe

fluoresces in the red spectrum.

21, A composition comprising the finctional mitochondy obtained according to steps a)

and b) of claim 18.
22, A kit comprising the composition of any ongfof claims 9 to 11 and instructions for use.

23. A method for fncreasing the ATP-gengrating capacity of an oocyte, said method
comprising the steps of: '
a) obtaining a composiffon comprising mitochondria obtained from at least one
OSC or at least one progeny g an OSC that is autologous to the oocyte; and

b) injecting the cgfmposition of mitochondria into the oocyte.

24. The method of clainf1, 14 or 23, wherein the composition comprises 1x10° to 5x10*

mitochondria.

25. The methog@of claim 1, 14 or 23, wherein the OSC or progeny of an OSC produces at

least 5-fold morg/ATP per fg mtDNA than an ovarian somatic cell or mesenchymal stem cell.

28. The method of claim 27, wherein the ovarian somatic cell or mesenchymal stem cell is-

autologous.
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29. The method of claim 1, 14, or 23, wherein the OSC or progeny of an OSC produces

least 50-fold more ATP per fg mtDNA than an ovarian somatic cell or mesenchymal ste

30. The method of claim 29, wherein the ovarian somatic cell or mesenchymal gfem cell is

autologous,

31. The method of claim 1, 14, or 23, wherein the OSC or progeny of g#f OSC produces at

least 100-fold more ATP per fg mtDNA than an ovarian somatic cell or ghesenchymal stem cell.

32, The method of claim 31, wherein the ovarian somatic cell £r mesenchymal stem cell is

autologous.

33. The method of claim 1, 14 or 23, wherein the oogffte is obtained from a human female of

advanced maternal age.

34, The method of claim 1, 14 or 23, whereif the oocyte is obtained from a human female

with low ovarian reserve.

35, The method of claim 1, 14 or 2 wherein the composition comprises initochondn’a that

have been isolated by centrifugation

36. The method of claim

have been isolated by mitogflondrial membrane potential-dependent cell sorting.

14 or 23, wherein the composition comprises mitochondria that

37. The method of claim 23, wherein the at least one OSC is obtained from ovarian tissue.

38. The meghod of claim 23, wherein the at least one OSC is obtained from a non-ovarian

tissue.

39, he method of claim 38, wherein the non-ovarian tissue is blood.

The method of claim 38, wherein the non-ovarian tissue is bone marrow.

41, The method of claim 23, wherein the composition comprising mitochondria obtained
from at least one OSC or at least one progeny of an OSC, is the cytoplasm of said cells without a

nucleus.
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42, The method of claim 23, wherein the composition comprising mitochondria obtaighd
from at least one OSC or at least one progeny of an OSC is a purified preparation of

mitochondria.

43, The composition of claim 9 or 11, wherein the composition comprises/x10° to 5x10*

mitochondria.

44, The composition of claim 9 or 11, wherein the OSC orvp'roge of an OSC produces at

least 5-fold more ATP per fg mtDNA than an ovarian somatic cellfr mesenchymal stem cell.

45, "The composition of claim 44, wherein the ovarian sgfhatic cell or mesenchymal stem

cell is autologous.

46, The composition of claim 9 or 11, wherein ghie OSC or progeny of van OSC produces at

least 10-fold more ATP per fg mtDNA than an offarian somatic cell or mesenchymal stem cell.

47. The composition of claim 46, whegéin the ovarian somatic cell or mesenchymal stem

cell is autologous.

49,

cell ¥ autologous.

52. "The composition of claim 9 or 11 wherein the OSC or progeny of an OSC is obtained

from a human female of advanced maternal age.
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53. The composition of claim 9 or 11 wherein the OSC or progeny of an OSC is obtain

from a human female with low ovarian reserve.

54, The composition of claim 9 or 11, wherein the composition comprises mitoghondria that

have been isolated by centrifugation.

55. The composition of claim 9 or 11, wherein the composition comprjfes mitochondria that

have been isolated by mitochondrial membrane potential-dependent cel orting.

56, An oocyte prepared according to the method of claim 23.

57. A composition of mitochondria obtained from at least fne OSC or at least one progeny
of an OSC, wherein the composition comprises a populatiof of mitochondria in which greater

than about 75%, 85%, 90%, or about 99% of the mitochghdria are high ATP-generating capacity

mitochondria.
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CLAIMS

- What is claimed is:

1. A method of preparing an oocyte for in vitro fertilization (IVF) or artificial
insemination, the method comprising transferring a composition comprising i) oogonial
stem cell (OSC) mitochoﬁdria, or ‘ii) mitochondria isolated from a progeny of an OSC, the
OSC isolated from ovarian tissue, into an autologous oocyte, thereby preparing said oocyte
for IVF or artificial insemination, wherein the OSC is an isolated non-embryonic stem cell
that is mitotically competent and expresses Vasa, Oct-4, Dazl, Stella and optionally a

stage-specific embryonic antigen.

2. A method of in vitro fertilization, said method comprising the steps of: a) providing
a composition comprising i) mitochondria isolated from an OSC, or 11) mitochondria
isolated from a progeny of an OSC, the 0SC isolated from ovarian tissue; b) transferring
the composition into an isolated, autologous oocyte; and c) fertilizing the autologous
oocyte in vitro to form a zygote, wherein the OSC is an isolated non-embryonic stem cell
that is mitotically competent and expresses Vasa, Oct-4, Dazl, Stella and optionally a
stage-specific embryonic antigen, and wherein the step of transferring the composition and
fertilizing the autologous oocyte are performed simultaneously in vitro.

3. A method for inéreasing the ATP;generating capacity of an oocyte, said method .
comprising the steps of: a) providing a composition comprising mitochondria isolated from
at least one OSC or at least one progeny of an OSC that is autologous to the oocyte, the at

least one OSC isolated from ovarian tissue; and b) injecting the composition comprising

‘mitochondria into the oocyte, wherein the OSC is an isolated non-embryonic stem cell that

18 mifotiqally competent and ekpresses Vasa, Oct-4, Dazl, Stella and optionally a stage-
specific embryonic antigen, and wherein the composition comprises mitochondria that -
have beén isolated by centrifugation or by mitochondrial membrane potential-dependent
cell sorting, and wherein the OSC or progeny of an OSC p'réduces at least 5-fold more

ATP per fg mtDNA than an ovarian somatic cell or mesenchymal stem cell.
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4. The method of claim 3, wherein the composition comprises 1x10° to 5x10*

mitochondria.

5. The method of claim 3, wherein the ovarian somatic cell or mesenchymal stem cell

is autologous.

6. The mefhod of claim 1, wherein the comioositibn comprises 1x 10% to 5x 1_04

mitochondria.

7. The method of claim 1, wherein the OSC or progeny of an OSC produces at least 5-

fold more ATP per fg mtDNA than an ovarian somatic cell or mesenchymal stem cell.

8. The method of claim 7, wherein the ovarian somatic cell or mesenchymal stem cell

is autologous.

9. The method of claim 1, wherein the OSC or progeny of an OSC is isolated‘frlom a

human female of advanced maternal age.

10.  The method of claim 1, wherein thé composition comprises mitochondria that have
been isolated by centrifugation. ' -
11.  The method of claim 1, wherein the composition comprises mitochondria that have

been isolated by mitochondrial membrane potential-dependent cell sorting.

48



