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TRANSFORMING GROWTH FACTOR BETA-RESISTANT NATURAL KILLER

CELLS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.

62/623,682, filed on January 30, 2018, which is hereby incorporated by reference in its

entirety.

BACKGROUND

[0002] Clinicians have sought to use natural killer (NK) cells for adoptive transfer

because of their ability to recognize and kill tumor cells without requiring any particular

tumor cell marker. Alizadeh et al., Clin Cancer Res. 16(13): 3399-3408 (2010). However

development of NK cell adoptive transfer procedures has been impeded by the limited supply

of viable cells. NK cells represent only a small fraction of the cells in blood and isolation

from a typical blood draw does not yield many cells. Furthermore, NK cells must be purified

away from contaminating PBMCs such as T and B cells by CD3 and CD19 depletion,

respectively. Childs et al., American Society of Hematology (ASH) Education Book, vol.

2013 no. 1 234-246 (2013). This is a necessary step for allogenic transplantation where the

presence of T and B cells increases risk of graft versus host disease (GVHD) but further

reduces the NK cell yield.

[0003] NK cells expand poorly in vitro compared to others kinds of cells due mainly to

early senescence. Using even the most effective methods, NK cells are susceptible to

telomere shortening and senescence after only a few passages. Denman et al., PLoS ONE

7(1): e30264 (2012). The most effective method for increasing NK cell viability and

proliferation in vitro is co-culturing with feeder cells. Commonly used feeder cells for NK

cell expansion include irradiated peripheral blood mononuclear cells (PBMCs), Epstein-Barr

virus-transformed lymphoblastoid cell lines (EBV-LCL), gene-modified K562 cells

constitutively expressing IL-15 or 21, and other irradiated tumor cell lines. Berg et al.,

Cytotherapy, 11(3):341-55 (2009). Co-culturing with feeder cells significantly increases NK

cell viability and proliferation with population increases between 1,000 and 50,000 times.
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CLAIMS 

What is claimed is: 

1. A population of expanded transforming growth factor-beta (TGF-β) Superfamily-Imprinted 

Natural Killer (TGFβi NK) cells exhibiting increased resistance to a transforming growth factor-beta 

(TGF-β) superfamily cytokine for use in a method of treating cancer or an infectious disease in a 

subject in need thereof, wherein the population of TGFβi NK cells are expanded in vitro in the 

presence of leukemia feeder cells, IL-2, and TGF-β. 

2. The population of expanded TGFβi NK cells for the use of claim 1, wherein the feeder cells 

are K562 feeder cells. 

3. The population of expanded TGFβi NK cells for the use of claim 2, wherein the K562 feeder 

cells are genetically modified to express 4-1BBL and membrane-bound IL-21. 

4. The population of expanded TGFβi NK cells for the use of any one of claims 1-3, wherein the 

subject has cancer. 

5. The population of expanded TGFβi NK cells for the use of claim 4, wherein the cancer is a 

solid tumor. 

6. The population of expanded TGFβi NK cells for the use of claim 4, wherein the cancer is 

selected from the group consisting of leukemia, lymphoma, rhabdomyosarcoma, brain cancer, and 

bone cancer. 

7. The population of expanded TGFβi NK cells for the use of any one of claims 1-6, wherein the 

TGFβi NK cells are resistant to TGF-β. 

8. The population of expanded TGFβi NK cells for the use of any one of claims 1-7, wherein the 

TGFβi NK cells produce increased amounts of one or more of IFN-γ, TNF-α, and GM-CSF. 

9. The population of expanded TGFβi NK cells for the use of any one of claims 1-8, wherein the 

TGFβi NK cells show decreased levels of SMAD3 protein and/or TGFBR3 protein. 

10. The population of expanded TGFβi NK cells for the use of any one of claims 1-9, wherein the 

TGFβi NK cells exhibit increased expression of SCUBE1 , MY07A, KLF3, WIPF3, and EPHA1; or 

wherein the population of expanded NK cells exhibit decreased expression of CD300A, SGSM1 , 

SMAD3, TBX21, GZMK, TGFBR3, and GZMA. 

11. The population of expanded TGFβi NK cells for the use of any one of claims 1-10, wherein 

the TGFβi NK cells are for administration together with a pharmaceutically acceptable carrier. 

12. An in vitro population of expanded natural killer (NK) cells exhibiting increased resistance to 

TGF-β, wherein the in vitro population of expanded NK cells are prepared by the in vitro expansion 

of NK cells in the presence of IL-2, TGF-β, and leukemia feeder cells. 

13. The in vitro population of expanded NK cells of claim 12, wherein the in vitro population of 

expanded NK cells produce increased amounts of one or more of IFN-γ, TNF-α, and GM-CSF. 

14. The in vitro population of expanded NK cells of claim 12, wherein the in vitro population of 

expanded NK cells show decreased levels of SMAD3 protein and/or TGFBR3 protein. 
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15. The in vitro population of expanded NK cells of claim 12, wherein the in vitro population of 

expanded NK cells exhibit increased expression of SCUBE1 , MY07A, KLF3, WIPF3, and EPHA1; 

or wherein the population of expanded NK cells exhibit decreased expression of CD300A, SGSM1 , 

SMAD3, TBX21, GZMK, TGFBR3, and GZMA. 

16. The in vitro population of expanded NK cells of claim 12, wherein the in vitro population of 

expanded NK cells are human NK cells. 

17. The in vitro population of expanded NK cells of claim 12, wherein the in vitro population of 

expanded NK cells are canine NK cells. 

18. A method of making a TGF-β Superfamily Imprinted Natural Killer (TGFβi NK) cell line, 

comprising the in vitro expansion of natural killer cells in the presence of leukemia feeder cells, IL-2, 

and TGF-β. 

19. The method of claim 18, wherein the leukemia feeder cells are K562 feeder cells. 

20. The method of claim 19, wherein the K562 feeder cells are genetically modified to express 4-

1BBL and membrane-bound IL-21. 

21. The method of claim 18, further comprising the in vitro expansion of the natural killer cells in 

the presence of an NK-stimulating exosome or NK-stimulating nanoparticle. 
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