I*I Innovation, Sciences et Innovation, Science and CA 3121210 A1 2020/06/04
Développement économique Canada Economic Development Canada
en 3121 210

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office

(12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION

(13 A1
(86) Date de dép6t PCT/PCT Filing Date: 2019/11/21 (51) ClLInt./Int.Cl. A67K 35/17(2015.01),
(87) Date publication PCT/PCT Publication Date: 2020/06/04 C12N 5/0783(2010.01)
< - - . (71) Demandeur/Applicant:
(85) Entrée phase nationale/National Entry: 2021/05/27 BOARD OF REGENTS, THE UNIVERSITY OF TEXAS

(86) N° demande PCT/PCT Application No.: US 2019/062639 SYSTEM, US
(87) N° publication PCT/PCT Publication No.: 2020/112493 (72) Inventeurs/Inventors:

(30) Priorité/Priority: 2018/11/29 (US62/773,132) SHPALL, ELIZABETH, US;
REZVANI, KATY, US

(74) Agent: NORTON ROSE FULBRIGHT CANADA
LLP/S.EEN.CR.L, S.RL.

(54) Titre : PROCEDES POUR L'EXPANSION EX VIVO DE CELLULES TUEUSES NATURELLES ET UTILISATION

ASSOCIEE
(54) Title: METHODS FOR EX VIVO EXPANSION OF NATURAL KILLER CELLS AND USE THEREOF

FIG. 4 5000

MM atone RE-CB-NK+MBM

W
&

4000

Day 14

Day 21

3000

Day 28

Day 35
2000

Day 42

Daydg

1000

Day56

- RE-CB NK cef]
« MM alone

Percant survival

Q 20 40 60 80
DAY

(57) Abrégé/Abstract:
Provided herein are ex vivo methods for the expansion of cord blood-derived natural killer cells and methods of their use. Examples

of embodiments include stimulating mononuclear cells from cord blood in the presence of antigen presenting cells (APCs) and IL-2
and re-stimulating the cells with APCs to produce expanded NK cells. In specific embodiments, the method does not utilize human

leukocyte antigen (HLA) matching.

"
C an a da http/opic.ge.ca + Ottawa-Hull K1A 0C9 « arep:/eipo.ge.ca OPIC
OPIC - CIPO 191



wO 20207112493 A1 |0 0000 KO Y00 0 O 0

CA 03121210 2021-05-27

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
04 June 2020 (04.06.2020)

(10) International Publication Number

WO 2020/112493 Al

WIPO I PCT

(51) International Patent Classification:
AG61K 35/17 (2015.01) CI2N 5/0783 (2010.01)

(21) International Application Number:
PCT/US2019/062639

(22) International Filing Date:
21 November 2019 (21.11.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/773,132 29 November 2018 (29.11.2018) US

(71) Applicant: BOARD OF REGENTS, THE UNIVERSI-
TY OF TEXAS SYSTEM [US/US]; 210 West 7th Street,
Austin, Texas 78701 (US).

(72) Inventors: SHPALL, Elizabeth; c/o U.T.M.D. Anderson
Cancer Center, Stem Cell Transplantation & Cell Therapy,
1515 Holcombe Blvd., Unit # 0065, Houston, Texas 77030
(US). REZVANI, Katy; c/o UT.M.D. Anderson Cancer
Center, Stem Cell Transplantation & Cell Therapy, 1515

Holcombe Blvd., Unit # 0065, Houston, Texas 77030 (US).

Agent: NORTON ROSE FULBRIGHT US LLP; 1301
McKinney, Suite 5100, Houston, 77010 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: METHODS FOR EX VIVO EXPANSION OF NATURAL KILLER CELLS AND USE THEREOF

(57) Abstract: Provided herein are ex vivo methods for the expansion of cord

FIG. 4

Day 14

Day 21

Day 28

Day 35
Day 42

Day49

1000

Day56

Counts
Color Scale
Min = 10000
Max = 80000

0 = RE-CB NK cell
= MM alone

=

Percent susvival

[} 20 40 60 30
DAY

blood-derived natural killer cells and methods of their use. Examples of embod-
iments include stimulating mononuclear cells from cord blood in the presence of
antigen presenting cells (APCs) and IL-2 and re-stimulating the cells with APCs
to produce expanded NK cells. In specific embodiments, the method does not
utilize human leukocyte antigen (HLA) matching,
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WHAT IS CLAIMED IS:

10.

An ex vivo method for the expansion of natural killer (NK) cells comprising:

(a) obtaining a starting population of mononuclear cells (MNCs) from cord blood;

(b) stimulating the MNC:s in the presence of antigen presenting cells (APCs) and 1L-2;
and

(c) re-stimulating the cells with APCs to produce expanded NK cells, wherein the
method is performed in a bioreactor and is good manufacturing practice (GMP)
compliant.

The method of claim 1, wherein the method further comprises depleting cells positive
for CD3.

The method of claim 2, wherein the depleting is performed between steps (b) and (c).
The method of claim 3, wherein the cells are removed from the bioreactor.

The method of claim 1, wherein obtain the starting population of MNCs from cord
blood comprises thawing cord blood in the presence of dextran, human serum
albumin (HSA), DNAse, and/or magnesium chloride.

The method of claim 1, wherein obtain the starting population of MNCs from cord
blood comprises thawing cord blood in the presence of dextran and DNase.

The method of claim 5, wherein the cord blood is washed in the presence of 10%
dextran.

The method of claim 5 or 7, wherein the cord blood is suspended in the presence of
magnesium chloride.

The method of claim 8, wherein the magnesium chloride is at a concentration of 200
mM.

The method of any of claims 1-9, wherein obtaining comprises performing ficoll

density gradient centrifugation to obtain mononuclear cells (MNCs).
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11. The method of any of claims 1-10, wherein the method does not comprise removal or
addition of any media components during step (b).

12. The method of any of claims 1-11, wherein the bioreactor is a gas permeable
bioreactor.

13. The method of claim 12, wherein the gas permeable bioreactor is G-Rex100M.

14. The method of claim 13, wherein the stimulating of step (b) is performed in 3-5 L of

media.
15. The method of any of claims 1-13, wherein the APCs are gamma-irradiated.
16. The method of claim 15, wherein the APCs are engineered to express membrane-

bound IL-21 (mbIL-21).

17. The method of any of claims 1-16, wherein the APCs are engineered to express 1L-21,
IL-15, IL-7, IL-18, and/or IL-2.

18. The method of any of claims 1-16, wherein the MNCs and APCs are cultured at a
ratio of 1:2.

19. The method of any of claims 1-18, wherein the IL-2 is at a concentration of 50-200
TU/mL.

20. The method of claim 19, wherein the IL-2 is at a concentration of 100 IU/mL.

21. The method of any of claims 1-20, wherein the IL-2 is replenished every 2-3 days.

22. The method of any of claims 1-20, wherein step (b) is performed for 6-8 days.

23. The method of claim 22, wherein step (b) is performed for 7 days.

24. The method of any one of claims 1-23, wherein step (b) does not comprise splitting of
the cells.

25. The method of claim 24, wherein the cells are fed twice with IL-2.

26. The method of any of claims 1-25, wherein the method comprises the use of 3, 4, 5, or

6 bioreactors.
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27. The method of claim 26, wherein the method comprises the use of less than 10
bioreactors.

28. The method of any of claims 1-27, wherein the NK cells are expanded at least 500-
fold, 800-fold, 1000-fold, 3000-fold, or 5000-fold.

29. The method of any of claims 1-28, wherein culturing the NK cells in the bioreactor
produces more than 1000-fold NK cells as compared to static liquid culture.

30. The method of any of claims 1-29, wherein the method does not comprise human
leukocyte antigen (HLA) matching.

31. The method of claim 30, wherein the starting population of NK cells are not obtained
from a haploidentical donor.

32. The method of any of claims 1-31, wherein the method is performed in less than 15
days.

33. The method of claim 32, wherein the method is performed in 14 days.

34. The method of any of claims 1-33 wherein the expanded NK cells have enhanced
anti-tumor activity as comprises to NK cells expanded from peripheral blood.

35. The method of claim 34, wherein the expanded NK cells have higher expression of
cell cycle, cell division, and/or DNA replication genes as compared to NK cells
expanded from peripheral blood.

36. The method of any of claims 1-34, wherein the expanded NK cells have higher
proliferative capacity as compared to NK cells expanded from peripheral blood.

37. The method of any of claim 1-36, wherein the expanded NK cells do not exhibit
exhaustion.

38. The method of claim 37, wherein exhaustion is detected by measuring expression of

perforin, granzyme, CD57, KLRGI1, and PD]1.
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39. The method of claim 38, wherein the expanded NK cells have high expression of
perforin and granzyme.

40. The method of claim 38, wherein the expanded NK cells have low or no expression of
CD57, KLRGI1, and PD1.

41. The method of any of claims 1-40, wherein the expanded NK cells comprise a

clinically relevant dose.

42. The method of any of claims 1-41, wherein the cord blood is frozen cord blood.
43. The method of claim 42, wherein the frozen cord blood has been tested for infectious
disease.

44, The method of any of claims 1-43, wherein the cord blood is pooled cord blood.
45. The method of claim 44, wherein the cord blood is pooled from 3, 4, 5, 6, 7, or 8

individual cord blood units.

46. The method of any of claims 1-45, wherein the NK cells are not autologous.
47. The method of any of claims 1-46, wherein the NK cells are not allogeneic.
48. The method of any of claims 1-47, wherein the APCs are universal antigen presenting

cells (WAPCs).

49. The method of claim 48, wherein the uAPCs are engineered to express (1) CD48
and/or CS1 (CD319), (2) membrane-bound interleukin-21 (mbIL-21), and (3) 41BB
ligand (41BBL).

50. The method of claim 48, wherein the uAPCs express CD48.

51. The method of claim 48, wherein the uAPCs express CS1.

52. The method of claim 48, wherein the uAPCs express CD48 and CS1.

53. The method of claim 48, wherein the uAPCs have essentially no expression of

endogenous HLA class I, 11, or CD1d molecules.
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54. The method of claim 48, wherein the uAPCs express ICAM-1 (CD54) and LFA-3
(CD58).

55. The method of any of claims 1-54, wherein the uAPCs are further defined as leukemia
cell-derived aAPCs.

56. The method of claim 55, wherein the leukemia-cell derived aAPCs are further defined

as K562 cells.

57. The method of any of claims 1-56, further comprising cryopreserving the expanded
NK cells.
58. A pharmaceutical composition comprising a population of NK cells produced by any

one of claims 1-57 and a pharmaceutically acceptable carrier.

59. A composition comprising an effective amount of NK cells produced by any one of
claims 1-57 for use in the treatment of a disease or disorder in a subject.

60. The use of a composition comprising an effective amount of NK cells produced by
any one of claims 1-57 for the treatment of an immune-related disorder in a subject.

61. A method for treating a disease or disorder comprising administering an effective

amount of expanded NK cells according to any of claims 1-57 to the subject.

62. The method of claim 61, further comprising administering chemotherapy.
63. The method of claim 62, wherein the chemotherapy is administered prior to the
expanded NK cells.

64. The method of claim 62 or 63, wherein the chemotherapy is myeloablative.

65. The method of claim 62 or 63, wherein the chemotherapy is non-myeloablative.

66. The method of claim 62 or 63, wherein the chemotherapy is lymphodepleting
chemotherapy.

67. The method of claim 66, wherein the lymphodepleting chemotherapy is fludarabine-

based lymphodepleting chemotherapy.
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The method of any of claims 62-67, wherein the chemotherapy is lenalidomide.

The method of any of claims 62-68, wherein the method does not comprise
performing HLA matching.

The method of any of claims 62-69, wherein the disease or disorder is an immune-
related disorder.

The method of claim 70, wherein the immune-related disorder is an autoimmune
disorder, graft versus host disease, allograft rejection, or inflammatory condition.

The method of any of claims 61-69, wherein the disease or disorder is cancer.

The method of claim 72, wherein the cancer is multiple myeloma.

The method of any of claims 61-73, wherein the subject does not develop graft versus
host disease or other toxicity.

The method of any of claims 61-74, further comprising administering an effective
amount of at least a second therapeutic agent.

The method of claim 75, wherein the at least a second therapeutic agent comprises
chemotherapy, immunotherapy, surgery, radiotherapy, or biotherapy.

The method of claim 75, wherein the NK cells and/or the at least a second therapeutic
agent are administered intravenously, intraperitoneally, intratracheally, intratumorally,
intramuscularly, endoscopically, intralesionally, percutaneously, subcutaneously,
regionally, or by direct injection or perfusion.

The method of any one of claims 75-77, wherein the second therapeutic agent

comprises elotuzamab.
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