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METHODS AND COMPOSITIONS FOR FREEZING AND THAWING
MAMMALIAN CELLS
CROSS-REFERENCE TO RELATED APPLICATIONS
{6601] This application claims priority to U.S. Provisional Patent Application Serial
No. 63/147 737, filed on February 9, 2021, and PCT/US2022/015627, tiled February 8, 2022,

the contents which are incorporated by reference herein in entirety for all purposes.

BACKGROUND
[6002] Cryopreservation of biological material such as e.g. cells, tissue, organs, blood

products, embryos, sperm, stem cells, fish eggs, ete, entails freezing a biological matenal to
low cnough teraperatures, such that chemical processes, which might otherwise damage the

matenial are halied thereby preserving the material.

0003} The field of cryopreservation often aimas to not only freeze the biological
materials, but also to retain their viabiity, 1.e. their ability o resume nommal biological
function after thawing. When freezing a biological material, the fhad inside generally
undergoes a phase transition during which ice crystals may form. The formation of ice
crystals can cause damage to the biological material, such that it may not be viable after

thawmg.

0604} Therefore, optimization of cryopreservation conditions is desirable. especially
when cryopreserving cells used for therapy, for ensuring survival of cells that may need to be
shipped for use in varous applications, such as for cellular therapy, regenerative medicine,

tissue engineering, and many other biomedical applications.

[0005] Suboptimal cryopreservation can [oad to batch-to-batch vartation in cellular
viability and fimctionality, reduced cell vield, and also to the potential selection of
subpopelations with genetic or epigenetic characteristics divergent from the original cells.
Regulatory requurements also have an impact on cryoprescrvation as these will require a

robust and reproducible approach to the freezing, storage and thawing of the produet.

SUMMARY
[0006] The present application is based,-at least in part, on methods and compositions

for the effective freezing and thawing of mammalian cells. The present invention is based, in
part, on the development of a large-scale cryopreservation/thawing method that is generatly

applicable to mammalian cells, for example to immune cells, and in particular engineered
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immune cells suitable for cell therapy. This apphication discloses a freezing method
comprising various cooling, heating and holding steps that allows for the cryopreservation of
cells that have high viability and function post-thawing. Further, the freeze/thaw methods
described herein enable consistent freezing of a cell contaning sample at a large scale {e.g.,
greater than 10 mL in volume) in less than or about 60 minutes as well as enable direct
adnunistration of the subsequently thawed cell sample to a subject in need thereof, as

described herein.

(0667} For example, as described in more detail below, the methods described herein
allow for the retention of immune cell function in virre and in vive at least comparable to
freshly isolated cells. Furthermore, the methods and compositions provided herein could be
used to preserve large volumes of immune cells, especially allogeneic engineered immumne
cells suttable for cell therapy, for example for storage and transport to cell banks or hospitals
where the cells can be used for further culture and analvses or can be injected ducctly nto a
patient i need thereof. Thus, the present application provides freezing and thawing methods
that can be highly effective in preservation of large volume of mammalian cells and in

particelar, engineered inunune colls suitable for cell therapy.

0008} In some aspects, a large-scale method of cryopreserving immune cells is
provided, the method comprising: (2} providing a container comprising a sample comprising
immune cells suspended in a eryopreservation medium, wheremn the sample volume is at least
5 percent tess than the full capacity volume of the container, and wherein the sample volume
is at least 10 ml; {(bjcooling the container from a temperature above freczing temperature of
the sample to a temperature of about or below ~-80°C n a multi-step process at a controlled
rate to nunimize latent heat of fusion; and (c) storing the cells m hquid mitrogen vapor phase,

thereby cryopreserving the immune cells.

|6669] In some embodiments, the controlled rate to minimuze latend heat of fusion
comprises two or more steps of reducing the temperature at a rate between 0.75°C per minute

to 30°C per mimute, to a final femperature of -86°C or below.

jo014] In some embodiments, the total time for achieving cryvopreservation of the
mmmune cells s less than 120 nunutes, less than 110 nunutes, less than 100 minutes, less than
S0 munutes, less than 80 minutes, less than 70 minutes or less than 60 minutes. Accordingly,
in some erobodiments, the total tume for achieving cryopreservation of the inunune celis is

less than 120 munutes. In some embodiments, the total ime for achieving cryopreservation of
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the immune cells is less than 110 minutes. In some embodiments, the total time for achicving
cryopreservation of the immune cells is less than 100 minutes. In some embodiments, the
total time for achieving cryvopreservation of the invoune cells is less than 90 minutes. In
some embodiments, the total time for achieving crvopreservation of the immune cells 1s less
than 80 minutes. In some embodiments, the total time for achieving crvopreservation of the
immune cells is less than 70 minutes. In some embodiments, the total time for achicving

cryvoprescrvation of the tomune cells ts loss than 60 munutes.

[6611] In some embodiments, the immune cells are freshly isolated or at least onee-

frozen and thawed.

[0012] In some embodiments, the immune cells are naturally occurring or engincercd
natural killer (NK} cells, aipha beta T cells, gamma delta T celis, regulatory T cells (Tregs).
induced pluripotent stem cells (PSCs), 1PSC derived T or NK cells, hematopoictic stem cells
{(HSCs), mesenchymal stromal cells (MSCs), dendritic cells, macrophages or B cells,
Accordingly. in some embodiments, the immune cells are naturally oceurring or engineered
NK cells. In some embodiments, the immune cells are engineered NK cells. In some
embodiments, the mmmune cells are alpha beta T cells. Tn some embodiments, the immune
cells are gamma delta. In some embodiments, the immume cells are Tregs. In some
embodiments, the immune cells are iIPSC. In some embodiments, the immune cells are iPSC
derived T celis. In some embodiments, the immune cells are 1PSC derived NK cells. In some
embodiments, the immune cells are HSCs. In some embodiments, the immune cells are
MSCs. In some embodiments, the immune cells are dendritic cellis. In some embodiments,

the immune cells are macrophages. In some embodiments, the imnume cells are B cells.

0013} In some embodiments, the wwmune cells are cord blood derived NK cells

enginecered with a chimeric antigen receptor (CAR).

[6014] In some embodiments, the NK cells comprise a chimeric antigen receptor
{CAR}). The NK cell can comprise any CAR inclading for example one or more of a CD}Y
CAR, B cell maturation antigen {BCMA) CAR glypican-3 (GPC3) CAR, D22 CAR,
mesothelin CAR, MUC! CAR, cpithelial cell adhesion molecule (HpCAM) CAR, epidermal
growth factor receptor (EGFR) CAR, €123 CAR, TD20 CAR, HER2 CAR, GD2 CAR,
CD133 CAR, EphAZ CAR, and a prostate-specitic membrane antigen (PSMA) CAR
Accordingly, in some embodunents, the NK cells comprise a CD19 CAR. Insome

embodiments, the NK cells comprise a BCMA CAR. In some embodiments, the NK cells

[95)
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comprise a GPC3 CAR.  In some embodiments, the NK cells comprises a CD22 CAR. In
some embodiments, the NK cells comprise a mescthelin CAR. In some embodiments, the
NK cells comprise a MUCH CAR. In some emabodiments, the NK cells comprise an EpCAM
CAR. In some embodiments, the NK celis comprise an EGFR CAR. In some embodiments,
the NK cells comprise a CD123 CAR. In some embodiments, the NK cells comprise a CD2{
CAR. In some embodiments, the NK cells comprise a HERZ CAR. In some embodiments,
the NK cells comprise a GD2 CAR. In sonic embodiments, the NK cells comprise a CD133
CAR. In some embodiments, the NK cells comprise a EphA2 CAR. In some embodiments,

the NK cells comprise a PSMA CAR.

[0015] In some embodiments, the NK cells are engineered to express one or more
cytokings. In some embodiments, the NK cells are enginecred to express one or more of IL-
15, complex of IL-15 and IL-15Rq, 1L-18, 1112, IL-7, CCL19. Accordingly. in some
embodiments, the NK cells are engincered to express IL-15. In some embodiments, the NK
cells are engineered to express a complex of TL-15 and IL-15Ra. In some embodiments, the
NI cells are engineered to express IL-18. In some embodiments, the NK cells are
engineered to express IL-12. In some embodiments, the NK cells are engineered to express

IL-7. In some embodiments, the NK cells are engincered to express CCL19G.

0616} In some embodiments, the NX cells are engincered 0 express one or more
suicide genes. For example, in some exaraples the NK cells are enginecred to express one or
more of iCaspase9, non-secretable TNFalpha, herpes simplex virus thynudine kinase (HSV-
TR}, Uracil phosphoribosy! transferase {(UPRTase}, Cyiosine deaminase (CD). Accordingly,
in some embodiments, the NK cells are engincered to express one of more of iaspase®. In
some embodiments, the NK cells are engineered to express non-secretable TNFaipha, In
some embodiments, the NK cells are engineered to express herpes simplex virus thymidine
kinase (HSV-TK). In some embodiments, the NK cells are engineered to express Uracil
phosphoribosyl transferase (UPRTase). In some embodiments, the NK cells are enginecred

1o express Cviosine deaminase (CD).

{8017} In some cmbodiments, the NK cells arc engineered to express CD19 CAR, IL-

15, and 1Caspase9.

{6018} In some embodiments, NK cells are genctically engincered cord blood NK
celis including a CD19-CAR comprising an anti~CB19 binding domain, a transmembrane

domain such as the alpha, beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon,
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CD4S, CD4, CD35, CD8, CD9, D16, CD22, TD33, CD37, CD64, CDBG, CDR6, Ci i34,
CD137, CB154 and an intracelhular signaling domain such as an intracellular signaling
domain FcR ganuna, FeR beta, CD3 gamma, CD3 dela, CD3-zeta, CD3 epsilon, CDA,
D22, CD7%, CD79b, and CD66d. The CD-19 binding domain can be a simgle chain
antibody or single chain antibody fragment, sach as an scFv. In one embodiment, the anti-
CP19 binding domain comprises a light chain variable region comprising the amino acid
sequense set forth i SEQ 1D NO: 1 and/or a heavy chain variable region comprsing the
amineo acid sequence set forth in SEQ 1D NG: 2. In another embodiment, the CD-19 CAR
can include an anti-CD19 binding domain, a CD28 transmembrane domain {an excmplary
CD28 transmembrane sequence is shown w SEQ 1D NO: 3, a D3z signaling domain (an
exemplary CD3z sequence is shown in SEQ ID NG 4 and can further include a suicide

switch such as iCaspase9 and/or IL-15,

{6619} In one embodiment, the genetically engineered cord blood NK cells include a
nucleic acid molecule encoding the heavy chain variable region of an anti-CD19 binding
domain and/or a nucleic acid molecule encoding the light chain variable region of an anti-

CP19 binding domain.
{66241 In some embodiments, the full capacity volume of a container s about 50 ol

[0021] In some embodiments, the full capacity volume of container is about 50 md

and the sample volume 1s less than 40 ml.

[6022] In some embodiments, the samplie volume is about 10 mi, about 15 ml, about
20 mi, about 25 md, about 30 md, about 31 mi, about 32 ml, aboui 33 ml, about 34 ml, about
35 mi, about 36 mi, about 37 mi, about 38 mi, about 39 mi, about 40 mi, about 41 mli, about
42 mi, about 43 mi, about 44 ml or about 45ml. Accordingly, in some embodiments, the
sample volume is about 10 mL. In some embodiments, the sample volume is about 15 mbL. In
some embodiments, the sarapie volume is about 20 mb. In some embodiments, the sample
volume is about 13 mL. In some embodiments, the sample volume is about 25 mb. In some
embodiments, the sample volume is about 30 mL. In some embodiments, the sample volume
is about 35 ml. In some embodiments, the sample volure is about 40 ml. In some

embodiments, the sample volume is about 45 mL.

w
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{0623} In some embodiments, the /container is a cryvovial or a cryobag. Accordingly,
in some embodiments, the container is a eryovial. In some embodiments, the container is a
cryobag.

{0624} In some embodiments, the cryovial has an interior dimension of between 10
mm and 18 mm.  In some embodiments, the crvovial has an exicrior dimension between 15

mo and 40mm.

[0025] In some embodiments, the crvovial has an mterior dimension of about 133
.
[0026] In some embodiments, the cryovial has a height of between about 40 mim and

50 mm. In some embodiments, the cryovial has a height between about 30 num and 90 mm.

{6627} In some embodiments, the crvovial has a height of about 483 mm.
[0028] In some cmbodiments, the container is resistant to DMSO.
[0629] In some embodiments, the mmune cells are ae present at concentration of

between about 6 and 120 million cells per mL. In some embodiments, the immune colls are

present at a concentration of between about 6 and 23 million cells per ml.

[0634] In some embodiments, the crvopreservation medinm comprises
cryoprotectant, an albumin, a disaccharide and a non-pyrogenic and isotonic crystalioid

solution

0631} In some embodiments, the cryopreservation medium comprises human seram
atbumain (HSA), sodium chlonde, sodium ghiconate, sodium acetate trthydrate, potassiur

chlonide, magoesium chloride, dimethyl sulfoxide (DMSQO3, and a trehalose

[0032] In some aspects, a large-scale method of thawing cryopreserved immune cells
is provided, the method comprising: (a) heating a water bath to a temperature ranging from
37°C and 70°C; (b} transferring a container comprising cryopreserved imnmme cells to the
pre-heated water bath; and (¢) agitating the container at a speed of between about 100 and
about 250 RPM for a suitable period of time, thereby to obtain thawed 1romune celis. In
some embodiments, the water bath temperatare is between 55°C and 63°C. In some

embodiments, the agitating the container is at a speed between about 100 and 150 RPM.
[0033] In some crubodiments, the suitable period of time 1s between 5-15 nunutes.

HHIXES] In some embodiments, the suitable period of time 1s for about 10 minutes.
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[6635] In some embodiments, the agitating occurs in an orbital-shaker water bath.
[0036] In some embodiments, agitating the cells 1o the orbital-shaker water bath is at

a speed of about 120-150 RPM.

6637} In one embodiment, the cells are agitated at 125 RPM m a 60°C water bath for

about 10 nunutes.

[0038] In some embodiments, the orbital-shaker water bath has a temperature of
about 50°C, 53°C, 60°C, 65°C, 70°C, or 75°C. Accordingly, in some embodiments, the
orbital-shaker water bath has a temperatore of about 30°C. In some embodiments, the
orbital-shaker water bath has a temperatare of about 55°C. In some embodiments, the
orbital-shaker water bath has a teraperature of about 66°C. In some embodiments, the
orbital-shaker water bath has a temperature of about 65°C. In some embodiments, the
orbital-shaker water bath has a temperature of about 70°C. In some embodiments, the

orbital-shaker water bath has a temperature of abowut 75°C.

[0039] In some embodiments, the container has a full capacity volume of about 50

mL and a sample volume between about 8 mL and 45 mb.

[0040] In some embodiments, the thawed immune cells have a post-thaw viability of
80%, 93%, 97% or more. Acecordmgly, in some embodiments, the thawed mmmune cells have
a post-thaw viability of 90%. In some embodiments, the thawed immune cells have a post-
thaw viability of 93%. In some embodiments, the thawed imnwune cells have a post-thaw
viability of 97%. In some embodiments, the thawed immune cells have a post-thaw viability

of more than 97%.

[0041] In some embodiments, the thawed immune cells retam m vitro and/or n vivo

function similar to that of freshly isolated mmune cells.

[0042] In some cmbodiments, the method further comprises the step of adnunistering

the thawed inununc colis to a subject in need thereof.

0643} In some aspects, a method is provided of changing temperature of a sample
contatning snmune cells from a first teraperature above the freczing temperature of the
sample to a final temperature of less than or equal to -80°C, thercby crvopreserving the
sample at the final temperature, the method comprises the steps of! (a) placing the sample at a
first temperatire above the freezing temperatore of the sample; (b) reducing the first

temperature to a second temperature at a first controlled rate, where the second temperature is

-
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at feast 2°C less than the first temperature; (¢} reducing the second temperature to a third
temperatare at a second controlled rate, where the third temperature is at least 40°C less than
the second temperature; {d} mereasing the third tenperature to a fourth tenmperature at a third
controlled rate, where the fourth temperature 15 at least 20°C more than the third temperature;
{e} reducing the fourth temperature to a fifth temperature at a fourth controlled rate, where the
fifth temperature is at least 10°C less than the fourth temperature; and (f) reducing the fifth
temperature o the final tomperature at a fifth controlied rate, where the final temperature is

less than or equal to -80°C.

[0044] In some embodiments, the first icmperature is about 4°C to 1°C. Jn some
embodiments, the first temperature is about 4°C. In some embodiments, the first temperature
is about 3°C. In some embodiments, the first temperature is about 2°C. In some
embodiments, the first temperature is about 1°C.

[6045] In some embodiments, the first controlled rate is between about 0.75°C and
1.25°C per minute.

—~

[0046] In some cmbodiments, the second teraperature is about ~2°C

0047} In some embodiments, the second controlled rate is between about 20°C and

30°C per minuie.

[0048] In some embodiments, the third temperature is abowut -60°C.
[0049] In some embodiments, the third controlled rate is between about 3°C and §3°C

per mingte.
60507 In some embodiments, the fourth temperature is about -25°C.

[0651] In some embodiments, the fourth controlied rate is between 0.75°C and

1.25°C per minute.

[0032] In some embodiments, the firth temperature is about -40°C.

|0653] In some embodiments, the fifth controlled rate is between 7°C and 15°C per
minute,

[0054] In some cmbodiments, final temperature is fess than or equal to -80°C.
[0055] In some aspects, a method is provided comprising crvopreserving engineered

immuone cells suitable for cell therapy, the method comprising (1) providing a container

comprising a sarapic comprising invnune cells suspended in 3 eryvopreservation medium,
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wherein sample volume is at least 5 percent less than the full capacity volume of the
container, wherein the sample volume is at least 10 mE; and (2} stepwise freezing a
population of enginecred tanwne cells at a controlled rate to minimize wmpact of latent heat
of fusion, where the stepwise freezing comprises cooling the cells at a rate of between 0.75°C
per minute to 30°C per minute to a final temp of -80 °C or below, thereby to cryopreserving

the cells.

BRIEF DESCRIPTION OF DRAWINGS

(0056} FIG. 1A is a diagram showing an exemplary orbital shaker water bath with
adjustable rotational speed and temperature. FI1G, 1B is a diagram showing an exemplary
sample chamber of an orbital shaker with holders for holding cryo-containers or vials for

rapid thawing of cryopreserved cells.

[0057] FIG. 2 is a graph showing the freeze profile of 45 wd of placebo formulation

solution without cells using a freeze protocol for large volume, as described in Example 1.

0058 FIG. 3 1s a graph showing the frecze profile of 36 ml of CAR-NK cells using
a 60 munute freeze protocol as described herein, especially in Exarople 2. The CAR-NK cells

were frozen m a controlled rate freezing device.

[0059] FIG. 4 1s a graph showing the freeze profile of five 30 mi of AT vials, each
comprising 16 mL, 30 mL and 45 mL of iCART cells (sometimes referred as iCART in this
specification} The diagram m the left botiom comer shows the arrangement of 50 mi vials in
the freezing device. USB designation refers to the placement of the vials in the freezing
device.

[06640] FIG. 5A is a graph showing thaw profile of 45 mi and 30 md of frozen i1CART
at a concentration of &0 million cells por mi, in a 60°C orbital shaker water bath, where the
rotational specd of the orbital shaker is set at 150 rpro. FIG. 3B 5 a graph showing thaw
profile of 45 ml, 30 m! and 16 mi of frozen 1CART at a concentration of 120 mullion cells per
ml, in a 60°C orbital shaker water bath, where the rotational speed of the orbital shaker is set

at 150 rpm.

[0861] FIG. 6 1s a graph showing the viability of iCART celis frozen using a freeze

and thaw sequence described herein.
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{0662} FIG. 7A depicts a graph showing comparable i vitro killing efficacy as a
function of E:'T (Effector: Target cells) ratio of frozen CAR-NK cells in 50 mL AT vials at
different fill volume at both 80 million and 120 nullion per mkb with freeze and thaw
sequence described herein as compared to fresh cells, and with 2 mL crvovial and 2 mL AT

vials. FI6. 7B is atable that depicts phenotypes of frozen, then thawed CAR-NK cells.

0063} FIG. 8A depicts a serics of graphs that show comparable in vitro killing
efficacy as a function of E: T ratio of CAR-NK cells at 6 nullion and 80 million cells per mL
with freeze and thaw sequence described herein as the frozen cells in 2 mL cryovials as
reference cells. FIG. 8B and FIG, 8C are the data summary showing high (96%) and
corparable viability, kailling efficacy and phenotyping of large volume of 50 mL vials as

reference cells m 2 mL cryovials.

FIG. 9A-C are a serics of graphs that show the in vive percent survival of tumor mouse
models that were administered once-frozen and subsequently thawed CAR-NK ecells. The
graphs show tumor mouse model anmmal survival following administration of once-frozen
and subsequently thawed CAR-NK cells (Cell suspensions #1-#3) in comparison to vehicle
{freezing media without cells), and in comparison to cells that were rescued fresh CAR-NK
cells. FIG. A shows the percent animal sarvival following admmistration of CAR-NK cells
(“Cell Suspension #1). FIG. 9B shows the percent animal survival following administration
of CAR-NK cells into tumor mouse models. FIG. 9C shows the percent amimal survival

following admnistration of CAR-NK cells into tumor mouse model.

FIG. 9D-9F arc a series of graphs that show i vive total flux of luciferase fluorescence of
tamor mouse models injected with once-frozen and subsequently thawed CAR-NK celis {cell
suspensions #1-3} as compared to vehicle {freezing media without cells) and in comparison to
rescued fresh CAR-NK celis.

FIG. 9G 15 a series of images that show luciferase activity in mice that were injected with
once-frozen and subsequently thawed NK cells (cell suspensions #1-3), as compared to

vehicle {freczing media without cells), and in comparison to rescued frosh CAR-NK cells.

DEFINITIONS
6664} Allogeneic: As used herein, allogencic refers to any matenal derived from a

different ammal of the same species as the individual to whom the material is introduced.

Two or more individuals are said 1o be allogeneic to one ancther when the genes at one or

ity
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more loci are vot identical. In some aspects, allogencic material from individuals of the same

species may be sufficiently unlike genetically to interact antigenically

j0065] Approximatelv or about: As used herein, the torm “approximately” or “about,”
as applied to one or more values of interest, refers o a stated value of interest as well as value
that is simtilar to a stated reference value. In certain embodiments, the term “approximately™
or “about” refers to a stated value of interest as well as range of values that fall within 25%,
20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%,
3%, 2%, 1%, or less n either direction (greater than or less than) of the stated reference value
unless otherwise stated or otherwise evident from the context {except where such number

would exceed 100% of a possible value}.

0666} Biological sample: The term "biological sample” as used in this specification
includes cells (both cukaryotic and prokarvotic), organs and tissue composed of cells, viruses,
all of which can be natural or genetically or otherwise modified, and biologically active
molecules such as macromolecules including cells, nucleic acids, protein, glycoproteins,
lipids, lipoproteins, by way of example. The invention finds particular application in the

cryoprotection of mamune cells of human and other mammals.

0067} Fresh cell or Rescued Fresh Cell: As used herein, the terms “frosh,” “frosh
cell,” or “rescued fresh ccll” refors to mammalian cells that have never been frozen and/or
once frozen but subsequently restimulated, cultured in enlture mediam and then harvested as
fresh celis.

[o068] Coniaiyer: The term “container” as used herein shall be given its ordinary
meaning and inclades carriers, holders, enclosures, and conduits for containing, holding,
adnunistering, delivering, or transporting materials such as crvopreserved cells and associated
compounds. Thus, in one embodiment, a container is unreactive with DMSO. In another
embodiment, a container {¢.g., an aseptic cryovial} used herein is both DEHP-free and

DMS{( resistant. Exemplary suttable containers inclode cryovials, cryobags and the like.
Various kinds of cryovials are known, and include, for example, AT® cryovials, Nung™
vials, glass vials and the like.

[0069) Controlled Cooling or Cooling at @ Controlied Rate: The terms "controlled
cooling” or “cooling at a controlled rate” and simular terms as used herein, is a process which
applies an external cooling regime that results m a decrease m temperature of a biclogical

sample cooled at a rate between for example, 0.1°C / minute and 30°C / minute. In some

i1
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embodiments, the controlled cooling can be achicved using a commercially available freezer
such as a controlled rate froczer. Various examples of controlled rate freezers and inclade,
for example, but not limited to, CrvoMed™ Model 5474, Strex CytoSensel SBO2-0920,

Custorm BioGenic Systems Model 2101

[6070] Cryvoprotectant: As used herein, the term “cryoprotectant”™ refers to a
substance used to protect biological tissue from freezing damage. Excmplary cryoprotectants

mehude, for example, dimethy! sulfoxide (BMSQ), glveerol, ethvlene glveol and propanediol.

{6071} Crvopreservarion: As used herein, the term “cryopreservation” ot “freezing”
generally refers to a method m which cells are frozen to mamtain cellular viability.
Cryopreserved cells maintain viability for an extended period of time in the frozen state, such
as for 1, 5, 10 or more years in the cryopreserved state. The cryopreserved cells, once

thawed, are able to propagate both for in virro and in vive applications.

[6672] Immune cells: The term “tmmung cells” as vsed herein denotes lvmphocytes
with helper, cytolytic or regulatory properties such as, for cxample, T cells, B celis, NK celis,
macrophages, neuirophils, cosinopluls, basophils, CD4+ T cells, CD8+ T cells, CD4+CDB+
T cells, CD4+-CD8dim T cells, UD4+ regulatory T cells, CRS6+CDE+ and
CH36-CDS7+CDE+ NKT, CAR-T-cells as well as CD16+CD56+ NK cells. However, the
torm “twowne cells” as used herein does not mean only inunune cells held and multiphed in
vitro in culture media but also immune ccll populations taken from a healthy blood donor,
patient or an animal as well as respectively purified immune cells. In some embodiments,
“immune cells” can be used to define T-cell modified by expressing a chimeric antigen
receptor {CAR). In some embodiments, “immune cells” can be used to define NE-cell
modified by expressing a CAR. In some embodiments, the “immune cells” are HSC cells. In
some embodiments, the “immune cells” are MISC cells. In some embodiments, the “immune
cells” are cord blood derved mmmune cells. In some emboduments, the “tnmune cells” are
iPS cells denved immune cells. In some embodiments, the “inumune cells” are T-regulatory
celis. In some embodiments, the “immune cells” are gamma-delta T-cells. In some
cembodiments, NK cells comprise an anti-CD 19 chimeric antigen receptor ({CAR), 1L-15, and
tCaspased. Thus in some embodiments, NK cell are engineered {e.g., using viral transduction
or a non-viral method) to express a suicide gene, an anti-CD19 CAR gene and TL-~15 gene.
An exemplary CAR-NK cell comprising CD 19 IL-15, and iCaspase? is described in

Leukemia 32 (2018)520-5331, incorporated hercin by reference in 1ts entircty.

12
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{6673} In a particular embodiment, an exermplary CAR-NK cell mcludes a CD19-
CAR comprising an anti-CD19 binding domain comprising a light chain variable region
coraprising the amino acid sequence set forth in SEQ 1D NO: 1 or a sequence having at least
9596 wdentity thereto and/or a heavy chain variable region comprising the amino acid
sequence set forth in SEQ ID NO: 2 or a sequence having at least 93% identity thereto. In
some cmbodiments, the genetically engineered cord blood NK cells include a nucleic acid
molecule encoding the heavy chain variable region of an anti-CD 9 binding domain and/or a
nucleic acid molecule encoding the light cham variable region of an anti-CD19 binding
domain.

[0074] Fatent Hear or Latent Heat of Fusion: The term “Latent Heat of Fusion” or
“latent heat” as used in iis broadest sense as indicative of any substance or phenomenon
wherein, as heat is applied to the substance at a substantially uniform rate in the process of
fusing the same, a point is reached where the temperature of the substance temporarily ceases
to rise while heat 1s being absorbed for the modification of the molecular structure and
mternal energy of the substance. During freexing, release of the latent heat during phase
change from liguid to solid state increases the temperature of the surroundings, leading to
cessation of vitrification. In some cmbodiments, the latent heat of fusion can cause melting of
ice. In some embodiments, the melting of ice causes the concentration of the sugars, salts,
and cryoprotectant {¢.g. BMSO or glycerol} to increase, and, consequently, also causes the
osmotic pressure of the unfrozen fraction, to increase rapidly. In some embodiments, the
fncrease in the osmotic strength causes an efftux of water from cells. In some embodiments,
as copling continues, these processes continue until the viscosity of the unfrozen fraction

coomes 100 high for any further crvstallization.
b too high § v furth ystallizat

[0675] Minimize effects of Latent heat of fusion: The term “mimmize effects of latent
heat of fusion™ or “nunimize impact of latent heat of fusion” refers to a process that involves
formation of 1ce erystals or inducing ice nucleation outside of the cells i a biological sample.
In some embodiments, the impact of latent heat of fusion is minimized by a contimuous
smooth temperature drop, by controlied cooling, to enable gradual extraceliular ice formation
while mtraceilular water moves out through osmosis. In some embodiments, ice nucleation
supports the gradual growth of extracellular ice and hmits supercooling. In some
embodiments, increase in extraceilular ice leads to dehydration of water from cells. In some
embodiments, the quantity of ice crystals that formed depends on the initial composition of

the solution. i some crabodiments, cryoprotectants delay ntraccliular freezing by depressing
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freezing point. In some embodiments, ervoprotectants can penetrate the cell, in order to delay

mtracethilar freezing.

[0076] fee Nuclearion: The term “ice nucleation” refers {0 a process that occurs in the
formation of an ice crystal from a solution, and thermodynamically favors the formation of
more ice crysials from water present in the solution. Nucleation is a stochastic process,
occurring at particular stics on surfaces in the system. Nucleation can be induced by cooling
temperatures or concentrating water up to conditions where the hquid or sohution 18
sigmficantly less thermodynamically stable than a crystal. Nucleation can further be indaced
by mtroduction of pre-existing ice crystals at a favorable temperature. n some embodiments,
wce nucleation can be induced by introduction of ice crystals into a container using copper

wires. In some embodiments, ice nocleation can be induced by lowering the temperature.

10677} Orbital Shaker water bath: The term “orbital shaker water bath” as used
herein refers to an water bath apparatus that reliably produces an orbital or cvclic motion at a
set speed for a predeternuned amount of time, comprising a movable tray for supporting
articles which are to be agitated such as clinical assays in beakers, flasks, test tubes or the
tike.

06678} Mammal: The term “Mammal” as used herein refers to any member of the
class Mammalia, including, without Hmitation, humans and vonhuroan primates such as
chimpanzees, and other apes and monkey species; farm animals such as cattle, sheep, pigs,
goats and horses; domestic mammals such as dogs and cats; laboratory animals inclading
rodents such as mice, rats and guinea pigs, and the like. The term does not denote a particular
age or sex. Thus, adult and newborm subjects, as well as fetuses, whether male or fomale, are

mtended to be included within the scope of this term.

[0079] Storage Temperature: The term “storage tomperature”, as used herein, refers
1o the temperature at which the cells are stored. Tn some emmbodiments, the cells are stored in
Ligoid nitrogen vapor phase. In some embodiments, the cells are stored at a temperature
below ~60°C. In ancther embodiment, the cclls are stored at a temperature ranging from -
0°C 1o -140°C. In another embodiment, the cells are stored at 3 tomperature ranging from -
60°C 10 -196°C. In some embodiments, the cells are stored at or below a temperature of -

140°C. In some embodiments, the cells are stored at temperature below ~196°C.

[0088] Shipping Temperature: The term “shipping temperature” as used herein refers

to the terperature at which the cells are shipped or transposted, ¢.g., from a first Iocation
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where the cells may be manufactured and/or crvopreserved to a second location where the
cells may be thawed and subsequently administered to a subject in need thereof In some
cmbodiments, the cells are shipped i hiquid nitrogen vapor phase. In some embodiments, the
cells are shipped at a temperature of -140°C or below ~140°C. In some embodiments, the

cells are stored and/or shipped at a temperature of -140°C or below -140°C.

|0081] Virrificarion: The term vitrification is defined as a process of rapid freezing a
sample, preferably, a biological sample. In some embodiments, vitrification precludes
formation of ice. In some embodiments, the process of vitrification requires the presence of
cryoprotectants. {n some erabodiments, the process of vitrification reguires a means of

cooling the temperature rapidly.

6082} ‘The recitation of numerical ranges by endpoints herein includes all numbers
and fractions subsumed within that range (e.g. | to S meludes |, 1.3, 2,275, 3,39, 4 and 3).
It 1s also to be understood that all numbers and fractions thereof are presumed to be modified

by the term “about.”

[0883] Various aspects of the invention are described m detail in the following
sections. The use of sections is not meant to limit the mvention. Hach section can apply to
any aspect of the invention. In this application, the use of “or” means “and/or” unless stated
otherwise. As used herein, the singular forms “a”, “an”, and “the” include both singular and

plural referents unless the context clearly dictates otherwise.
DESCRIPTION

[0084) The process of crvoprotection can be lethal to the survival of cells. When the

media around the cells are cooled at slow rates for preservation of cells, for example immune
cells, celi-freezing rarely occurs at the freezing pommt of the mediwn. Samples may supercool
to temperatures as low as -21°C. Excessive degrees of supercooling have a deleterious effect
on the survival of some biclogical samples when they are left to continue cooling in the same

vessel after ice formation.

[0085] Without wishing to be bemg bound to theory, the reason for this deletenions
effect (low survival rate) is believed to be as follows. At ice formation, the latent heat of
fusion causes the sample temperature to rise close to that of the melting point of the medmum.
Simultancously, the temperature of the bath {or other surroundings) is continuing to fall at a
constant rate; therefore, the greater the degree of supercooling, the larger the temperature

difference that will exist between the cooling vessel and the sample immediately after ice



WO 2022/173867 PCT/US2022/015870

formation. This, in tum, will increase the cooling rate of the sample above the nommal optimal
rate for survival of the sample {particularly in the case of an immune cells), until thermal

cquilibrium is reestablished with the surroundings.

0086} The challenge to cells during the crvopreservation is not their ability to endare
storage at very low temperatures (below -120°C); rather, it is the lethality of the cooling-
freezing and the warning-thawing processes. As cells are cooled to approximately ~5°C, both
the cells and surrounding medium remaim unfrozen and sapercooled. Between -5°C and
approximately -13°C, ice forms (either spontancously or as a result of artificially introduacing
ce crystals, 1.¢. sceding, to the solution} m the external medmim; bowever, the colls’ contents
remain unfrozen and supercooled, presumably because the plasma membrane blocks the
growth of ice crystals into the cytoplasm. The sapercocled water in the cells has, by
definition, a greater chemical potential than that of water in the partially frozen extraceltular

solution; and water thus flows out of the cells osmoticallv and freczes externally.

[6687] The subsequent physical events in the cells depend on the cooling rate. If celis
are cooled too rapidly, intraceliular water is not moving out of cells fast enough to
extraceliular space to mamtain equilibrinm; the cells become mereasingly supercooled,
leading to intracellular ice formation (HF) which kill the cells. However, if the cells are
cooled too slowly, they will experience a severe dehydration with volume shrinkage and
long-term exposure to high-solute concentrations {composed mainly of electrolytes) before
they reach a eutectic temperature {when all components in a solution are solidified). Both the
cell shrinkage and the long-time exposure to high-electrolytes concentrations can canse cell
mjury {so-called “osmotic injury™’). As a result, the cells dehvdrate and do not freeze
miracellnlarly. Therefore, cooling rate that 1s either too high or too low can damage cells,

although the mechanisms underlying cell damage are different.

|6088] Ouly when cooling is controlled at an optimal rate to enable cells to lose water
rapidly enough to concentrate the imtracelular solutes sufficiently to elinunate supercoohng
while preventing cells from severe dehydration, the cells fimctionality is preserved. The
optimal cooling rate for cell functionality preservation should be slow enough to avoid HF

but fast coongh to minimize the severe cell dehydration.

0089 Besides, if a cell bas survived cooling-freezing to low temperatures, it is still
facing a great challenge during the wamming-thawing process, due to the lethal ice-

recrystallization (LIR), i.e. the growth of small mtracellular ice crystals mito harmful large 1ce
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crystals during the warming-thawing process. An optimal rapid warring rate or programs
coupled with the cooling rate/program is absolutely required to prevent LIR for the cell crvo-

survival.

[0090] A controlied cooling rate and rapid warming rate for a small sample (<3 mL)
is easy to achieve in research labs. However, the modern industral mamufacturing of large-
scale therapeutic cells is facing a big exusting problem, namely, how to achieve and control
the cell optimal cooling and rapid warming rates for eryopreservation of a large volume
sample (25 mL), which is becoming a entical technical bottleneck for crvopreservation and
commercialization of therapeutic cell products in mass production, and their shipping as well
as clinical practice.

0091} This methods disclosed herein include (1} a coupled optimal cooling (with a
specific ice nucleation sceding program to prevent supercooling ) and rapid waring rate
conditions and programs, for cryvopreservation of mammalian cells, including tmmune cels
{¢.g., nataral immune cells and developed CAR-T and CAR-NK cells); {2} methods and

programs to achieve the above optimal cooling rates for large vialed samples {¢.g., large

[¢]

volume cell suspensions i 10 mL or greater containers}, using a Hgwd nitrogen controlled
freezer; and (3} methods and programs to achieve the above optimal rapid warming rates for
large vialed samples (e.g. large volume cell suspensions in 30 mL AT closed vials), using an
orbrtal-shaker water bath at temperatures above 30 °C for cell suspension ranging fill volume
of & to 45 mL in vials and cell concentration of 6-120 million cells per mL. In some

embodiments, the cell concentration is between about 6-25 million cells per mL.
Methods of Cryopreservation

[0692] In general, it is known that when liguid water is cooled it undergoes a phase
transition from liguid to solid at a critical temperature. The phase transition 1s a first-order
transition, which means the water either absorbs or releases an amount of energy per volurme
known as the latent heat. During the phase transition the temperature of the water will remain
constant as heat 1s added or removed and during this time the water is in a mixed-state, where
some of it is in a liquid state and some is in a solid state. The temperature at which a phase
transition happens can be called the enitical temperature of the phase transiion. When water
is cooled the temperature of the water decreases until the critical temperature is reached.
While cooling is still applied the temperature of the water remains constant until the latent

heat has been removed from the water after which the temperature of the water, now n sohid
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state, once agamn decreases. This means that there is a duration of time during which latent
heat is being removed from the water. The time during which latent beat is removed in the
process of treczing 15 the time when ice crystals may form, which is undesirable when

cryopreserving samples containing biological materials such as cells.

[0093] The cryopreservation media described herein used with the cryopreservation
methods described herein miminuze the tmpact of latent heat during cryopreservation (i.c, ice
formation impact ), thereby resulting 1 a higher viability of cell sample, which has been
frozen.

[0094] Methods of cryopreservation described herein are performed on cell
suspensions of mammalian immaune cells. In some cmbodiments, the stepwise cryogenic
freezing sequence is scalable to up to 30 vials or more, cach vial baving a cell sample vohume
of 10-40 mL or more. Tn some embodiments, the freczing sequence is scalable to 30 vials, 50
vials, or 75 vials. In some embodiments, current methods of ervopreservation are performed
on mammalian immune cell suspensions in crvovials, crvobags, AT® vials or Nunc™ vialg
or {3lass vials. In some embodiments, current methods of cryopreservation are performed on
mammahan immune cell suspensions m cryovials or AT® vials or any other suitable
container. In some embodimenis, suitable containers are those that are unreactive with
DMSO. In some cmbodiments, the crvovials, cryobags, AT® vials or Nunc™ vials, glass
vials and other containers used for crvoprescrvation, are compatible for use with DMSO. In
some embodiments, the crvovials, cryobags, AT® vials or Nunc™ vials, glass vials and other

containers used for crvopreservation, are both DEHP-free as well as DMSO resistant.

[00Y5] Various contaimers can be used in the methods of crvopreservation including,
for example, crvovials or cryobags. Exemplary crvovials, include, for example, AT® vials or
MNunc™ vials or glass vials. In some embodiments, current methods of cryopreservation are
performed on manunalian invnune cell suspensions in eryovials or AT® vials or any other
suitable contamner. In some embodiments, suitable containers are those that are resistant to
DMSC. In some embodiments, the cryovials, cryobags, AT® vials or Nunc™ vials, glass
vials and other containers used for crvopreservation, are compatible for use with DMSG. In
some embodiments, the cryovials, eryobags, AT® vials or Nunc™ vials, glass vials and other
containers used for cryoprescrvation, are chemically unreactive with DMSO. In some
embodiments, the containers used for cryopreservation are both DEHP-free and BMSO-

resistant {¢.g., AT® vials). In various embodiments, the containers used herein {c.g., AT®
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vials} facilitate aseptic transfor of cells directly into a subject 1 need thereof via a vial

adapter.

0096} Contaners used herein can have vanous dimensions, including those
dimensions discossed herein. In some embodiments, the dimensions suitable for use with
cryovials as discussed herein are also suitable for use with other containers, such as AT®

vials or Nunc™ vials.

[06697] In some embodiments, the frecze/thaw methods described herein allow for the
consistent freezing and thawing of a cell containing sample at a large scale, such as for
example 10 mL in volume or more. In some embodiments, the freeze/thaw methods
described herein can be used with a sample having a volame of 10 mL or more. In some
embodiments, the frecze/thaw methods descrnibed hercin can be used with a sample having a
diamcter of greater than 225 mun/inch. In some embodiments, the frecze/thaw methods
described herein can be used with a sample having a solution height of greater than 225
mm/inch. In some embodiments, the frecze/thaw methods described herein can be used with

a sample having a solution thickness of greater than 225 nun/inch.

[0098] In some embodiments, the cryovials have a dimension between about 5 mm
external diameter and 100 mm height In some embodiments, the cryovials have a dimension
of about 10 nun external diameter and 73 muo height. In sore embodiments, the eryovials

have a dimension, of 10 mum external diameter and 50 mm height.

[0099] In some cmbodiments, the crvovials have a dimension of 10 mm external
diameter and 48.3 mm height. Tn some embodiments, the cryovials have a dimension of
10.5mm external diameter and 48.3 mm height. In some embodiments, the eryovials have a
dimension of 11.0 mm external diameter and 48.3 mm height. In some embodimenis, the
crvovials have a dimension of between 11.5 mm external diameter and 48 3 mm height. In
some embodiments, the crvovials have 2 dimension of 12.0 mum external diameter and 48 3
mm height. In some embodiments, the eryovials have a dimension of 12.5 mm external
diameter and 48.3 mm height. o some embodiments, the cryovials have a dimension of 13.0
mn external diameter and 48.3 mm beight. In some embodiments, the cryvovials have a
dimension of 13.3 o extemal diameter and 48.3 mm height. Tn some embodiments, the
cryovials have a dimension of 14.0 mm external diameter and 48.3 mm height. In some

~

embodiments, the crvovials have an external of 14.5 mm external diameter and 48.3 am
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height. In some embodiments, the crvovials have a dimension of 15.0 mim external diameter

and 48.3 mm height.

[0100] In some embodiments, the cryovial has a height of between about 30 mm to
about 85 mm. In some embodiments, the cryovial has an exterpal diameter of about between
15 mm to about 40 mm. In some embodiments, the cryovial has 2 maximuom volume capacity
of between about T mL and 35 mL. Vanous kinds of cryovials are suitable forthe
compositions and methods deserbed herein. Exemplary cryovials, incloding description of
crvovial dimensions can be found at

bttp://www . aseptictech. comy/sites/defanlt/fles/brochure_vialslines v3 .0.pdfthe contents of

which are incorporated herein by reference in its entirety.

[0101} In some embodiments, the cryovials have a height of between about 45 mum
and 100 mam. In some embodiments, the crvovials have a height of 453 wmin. In some
embodiments, the crvovials have a height of 45.6 mm. In some embodiments, the cryvovials
have a height of 46 mm. In some embodiments, the cryovials have a height 0f 46.3 mm. In
some embodiments, the cryovials have a height of 46.6 mm. In some embodiments, the
cryovials have a height of 47 mm. In some embodiments, the crvovials have aheight of 473
mm. In some embodiments, the crvovials have a height of 47.6 mm. In some embodiments,
the cryvovials have a height of 4% mm. In some embodiments, the cryovials have a height of
48.3 nun. In some embodiments, the cryovials have a height of 48.6 mom. In some
embodiments, the cryovials have a height of 49 ram. In some embodiments, the cryovials
have a height of 49.3 mm. In some embodiments, the cryovials have a height of 530 mm. In
some embodiments, the cryovials have a height of 50 mam ., In some embodiments, the
cryovials have a height of 50 mm. In some embodiments, the ervovials have a height of 55
mn. In some embodiments, the crvovials have a height of 60 mm. In some embodiments, the
cryovials have a height of 55 mm. In some embodiments, the cryovials have a height of 65
mot. In some embodiments, the crvovials have a height of 33 mun. In some embodiments, the
crvovials have a height of 70 mm. In some embodiments, the crvovials have a height of 75
mm. In some embodiments, the cryovials have a height of 80 mm. In some embodiments, the
cryvovials have a height of 85 mm. In some embodiments, the cryovials have a height of 90
oun. o some erobodiments, the crvovials have a height of 95 mm. In some embodiments,

the crvovials have a height of 100 mum.

[0162] In some embodiments, the crvovials have an extemal diameter of 10 s, In

some embodiments, the crvovials have an external diameter of 10.5 mm. In some
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embodiments, the crvovials have an external diameter of 11 mm. In some embodiments, the
cryvovials have an external diameter of 11.5 mm. In some embodiments, the cryovials have an
external diameter of 12 mm. In some embodiments, the cryovials have an external diameter
of 12.5 mm. In some embodiments, the crvovials have an external diameter of 13 mm. In
some cmbodiments, the cryvovials have an external diameter of 13.5 mm. In some
embodiments, the cryovials have an external diameter of 14 mm. In some embodiments, the
cryvovials have an external diameter of 14.5 nun. In some embodiments, the cryovials have an

external diameter of 15 mm.

[0183] I some erabodiments, the cryobags have a width of 1icm. In some
embodiments, the crvobags have a width of 11 3om. In some embodiments, the cryobags
have a width of 11.5em. In some embodiments, the crvobags have a width of 11.7cm. In
some embodiments, the cryobags have a width of 11 9cm. In some embodiments, the
cryobags have a width of 12.1em. In some embodiments, the cryobags have a width of

12 3cm. In some embodiments, the cryvobags have a width of 12.5cm. In some embodiments,
the cryobags have a width of 12.7em. In some embodiments, the cryvobags have a width of
12 9cm. In some embodiments, the cryobags have a width of 13 Icm. In some embodiments,
the cryobags have a width of 13.3cm. fn some ernbodiments, the cryobags have a width of

13.5cm. In some embodiments, the cryobags have a width of 13 7em.

[6164] In some embodiments, the crycbags have a length of 14, lem. In some
embodiments, the cryobags have a length of 14 3om. In some embodiments, the crvobags
have a length of 14.5cm. In some embodiments, the cryobags have a length of 14 7em. In
some embodiments, the cryobags have a length of 14 9cm. In some embodiments, the
cryobags have a length of 15.1em. In some embodiments, the eryobags have a length of

15 3cm. In some embodiments, the crvobags have a length of 13 5om. In some embodiments,
the crvobags have a length of 15.7cm. In some embodiments, the cryobags have a length of
15.9¢cm. In some crubodiments, the crvobags have a length of 16.1co. Tn some embodiments,
the cryobags have a length of 16 3cm. In some embodiments, the crvobags have a length of

16.5cm. In some embodiments, the crvobags have a length of 16.7cm.

[0105] In some emmbodiments the volume of the cryovials (1.¢., maximum capacity)
can be between 2 ml to 50 mi for example, 2ml, 3ml, 4 ml, Sml, 6 ml, 7ml, 8 ml, 9 mi, 10
mi, 11ml IZml 13ml 4ml BSml, 16ml 17ml, 18ml 19ml 20 ml, 21 mi, 22 mi, 23
ml, 24 ml, 25 ml, 26 mi, 27 mi, 28 mi, 29 ml, 30 mi, 31 md, 32 md, 33 o, 34 ml, 3

5
ml, 37 ml, 38 mi, 39 mi, 40 mi, 41 mi, 42 mi, 43 mi, 44 ml, 45 ml, 46 ml, 47 md, 48 mi, 49
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ml, 5O0ml, 5Emi, 52 mb, 53 mi 34 mi, 55 ml, 56 mi, 37 mi, 38 mi, 59 mi, 60 md, 61 ml, 62
ml, 63 mi, 64 ml, 65 mi, 66 mi, 67 mi, 68 ml, 69 ml, 70 ml, 71 ml, 72 ml, 73 ml, 74 ml, 75
ml, 76 mi, 77 mi, 78 mi, 79 mi, 80 mi, 81 ml, 82 mi, 83 mi, 84 ml, 85 ml, 86 mi, 87 ml, 88

ml, 89 ml, 90 ml, 91 mi, 92 ml, 93 ml, 94 ml, 95 mi, 96 ml, 97 ml, 98 ml, 9% ml, or 100 mi.

[0106] As used herein, “fill volume” refers to the volume of the sample comprising
cells 1n a container. In some embodiments, the fill volume is less than the maximum capacity
of the container. In some embodiments, the fill volume i vials can be between 15% 10 90%
maximum capacity of the vial. For example, the fill vohume in vials can be 15% maximuam
capacity, 20% maximum capacity, 25% maximum capacity, 30% maximum capacity, 35%
maximum capacity, 40% maximum capacity, 45% maximum capacity, 50% maximnim
capactty, 55% maximam capacity, 60% maxinnem capacity, 63% maximum capacity, 70%
maxinwig capacity, 75% maximum capacity, 80% maximum capacity, 85% maximum
capactty or 90% maxtium capacity. In some embodiments, a 2 ml cryovial has a fill volume
of 1 ml. In some embodiments, a 50 m! eryovial has a fill volume of 8 mi to 45 ml. In some
embodiments, a 50 mi cryovial has a fill volume of 8 ml. In some embodiments, a S0 ml
crvovial has a fill volume of 10 ml. In some embodiments, a 50 ml crvovial has a fill volume
of 12 ml. In some embodiments, a 50 ml crvovial has a fill volume of 14 ml. Tn some
embodiments, a 30 mi cryovial has a fill volume of 16 ml. In some embodiments, 2 30 mi
cryovial has a fill volume of 18 md. In some embodiments, a 50 mi cryovial has a ill volume
of 20 ml. In some embodiments, a 50 mi cryovial has a fill volume of 22 ml. In some
embodiments, a 30 ml cryovial has a fill volume of 24 ml. In some embodiments, a 50 ml
crvovial has a fill vohume of 26 ml. In some embodiments, a 50 ml crvovial has a fill volume
of 28 ml. in some cmbodiments, a 50 ml crvovial has a fill volume of 30 ml. fo some
embodiments, a 30 nd crvovial has a fill volume of 32 ml. In some embodiments, 2 30 mi
cryovial has a fill volome of 34 ml. In some embodiments, a 50 ml cryovial has a fill volume
of 36 ml. In some embodiments, a 50 mi cryovial has a ill volume of 38 ml. In some
embodiments, a 30 ml AT vial has a fill volume of 40 md. In some embodiments, a 50 mi
crvovial has a fill volume of 42 ml. In some embodiments, a 50 ml crvovial has a fill volume
of 44 ml. In some embodiments, a 30 ml cryvovial has a fill volume of 45 ml. In some
cmbodiments, the crvogenic container can have a volume of about 530 mb, about 75 mi,
about 100 mL, about 250 ml., about 500 mL, about 730 mL, about 1 L, or more than about 1
L.
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[0167]

concentration between about 6 M/ml to about 120 M/ml. For example. in some embodiments,

In some embodiments, the mammalian immune cells can be crvopreserved at a

mune cells can be cryopreserved at a concentration of 6 M/ml. In some embodiments,

wmune cells can be cryopreserved at a coneentration of 10 M/ml
ummune cells can be eryopreserved at a concentration of 15 M/ml
immune cells can be eryopreserved at a concentration of 20 M/ml
M/mi.
M/ml.
M/ml.

moune cells can be cryopreserved at a concentration of 23
immune cells can be cryopreserved at a concentration of 30

immune cells can be cryopreserved at a concentration of 33

mmne cells can be crvopreserved at a concentration of 40 M/ml.
wmune cells can be crvopreserved at a concentration of 45 M/ml

tmmuone cells can be eryopreserved at a concentration of 50 M/ml.

immune cells can be
immune cells can be
immune cells can be
imimune cells can be eryopreserved at a concentration of 70
immune cells can be cryopreserved at a concentration of 75
mmmune cells can be
wmane cells can be

immune cells can be

cryopreserved at a concentration of 55 M/ml.
cryopreserved at a concentration of 60 M/ml,
aryopreserved at a concentration of 65 M/ml.
M/l
M/ml.
cryopreserved at a concentration of 80 M/ml.
cryopreserved at a concentration of 85 M/ml.

cryopreserved at a concentration of 90 M/ml.

In some embodiments,

in some embodiments,
In some embodiments,
In some embodunents,
In some embodiments,
In some embodiments,
In some embodiments,
In some embodiments,
In some embodiments,
In some cmbodiments,
In some embodiments,
In some embodunents,
In some embodiments,
In some embodiments,
In some embodiments,
In some embodiments,

Ir

==

some embodiments,

immune cells can be eryopreserved at a concentration of 100 M/ml. In some cmbodiments,
immune cells can be cryopreserved at a concentration of 105 M/ml. In some embodiments,
immune cells can be cryopreserved at a concentration of 110 M/ml. In some embodiments,
immune cells can be eryopreserved at a concentration of 115 M/ml. In some embodiments,

wmune cells can be crvopreserved at a concentration of 120 M/ml.

[0168]

between 1X 105 to 1X 107 cells in a volume of about 36 mL in a 30 mL crvovial. In some

In some embodiments, the CAR NK cells are provided in a dosage of about

embodiments, the CAR NK cells are provided in a dosage of about between 200X 16° and
800X 10° cells in a 50 mL crvovial. In some embodiments, the CAR NK ¢cells are suspended
in a cryopreservation medium as described herein, followed by cryopreservation as disclosed
herein. Such cryopreserved NK celis can then be stored as described herein. The sample
comprising NK cryopreserved NK cells are then thawed as deseribed herein. The thawed

cells are subsequently administered to a patient in need thercof. In some embodiments, a

3
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volume of about 33 mL, 34 mE, 35 mL, or 36 mL of the thawed cells are adminstered o a
patient in need thereof using a vial adapter for aseptic administration. In some embodiments,
a volume of about 33 mL of the thawed cells are administered to a patient in need thereof
using a vial adapter for aseptic adounistration. In some embodiments, a volume of about 34
mL of the thawed cells are administered to a patient in need thereof using a vial adapter for
aseptic administration. In some embodiments, a volume of about 35 mb of the thawed cells
are administered to a paticnt i necd thereof using a vial adapter for aseptic administration.
In some embodiments, 8 volume of about 36 mL of the thawed cells are administered to a

patient in need thercof using a vial adapter for aseptic administration.

{4109} In some aspects, a suitable medium for cryopreserving {i.¢., a cryvopreservation
medium} cells comprises: a cryvoprotectant, an albumin, a disaccharide and a non-pyrogenic
and isotonic crystalloid solution. In various embodiments, cells once cryopreserved in a
media described, can be thawed and subsequently admmistered 1o a patient, without the need

to reformulate or resuspend the cells 1o another media or solution.

{6110 In several embodiments, mammalian immune cells are cryopreserved in a
medium confainmg one or more cryoprotectants. Various cryoprotectants are known n the
art and inclade, for example, dimethyl sulfoxide (BMSQ), glycerol, and propanediol among
others. In some embodiments, the cryopreservation mediun: comprises DMSG asa

crvoprotectant.

{0111} In some embodiments, the cryopreservation of mammalian immane cells
mvolve up to 9-step crvogenic freezing sequence. In some embodiments the step-wise
freczing reduces latent heat of fusion of the biological sample being frozen. fo some
embodiments, cells are cooled in a temperature ramp-down phase having a selected rate of
temperature reduction. In some embodiments, a rate of teraperature reduction in a
temperature ramp-down phase is about 10°C per nunute. In several embodiments, other rates
of change are used, such as about 1°C per mumute, about 2°C per minute, about 5°C per
minute, about 7°C per minute, about 12 C per minute, about 15°C per nunute, about 17°C
per nunute, about 20°C per minute, about 23°C per minute, or rates within the values above.
In several emabodiments, a temperature ramp-down phase may include a flash freezing {e.g..
maximal temperature redoction) step. For example, a flash frecze step may comprise a flash-
freeze rate of temperature change having an increased rate of temperature reduction, where
the rate is selected to advantageousty tuprove cell integrity or cell viability. In contrast, in

several embodiments and counter to conventional wisdom, a flash freeze step is not
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emploved. Applicants have discovered, in corfain embodiments, that maximal rates of
temperatore reduction are similarly damaging as certain slower rates of reduction, while
certam micrmediate rates provide an unexpectedly unproved guality of cryopreservation
and/or cell viability. In some embodiments, a temperature ramp-down phase may mclude
cooling the substrate-adhered cells at a rate of approximately 10°C per 10 seconds, 10°C per
24 seconds, 10°C per 30 seconds, 10°C per 40 scconds, 10°C per 50 seconds, 10°C per 60
seconds, 10°C per 70 seconds, 10°C per 80 seconds, 107C per 90 seconds, 10°C per 100
seconds, 10°C per 110 seconds, 10°C per 120 seconds, 10°C per 130 seconds, 10°C per 140
seconds, 10°C per 150 seconds, 10°C per 160 seconds, 10°C per 170 scconds, 10°C per 180
seconds, 10°C per 190 seconds, or 10°C per 200 seconds. In some embodiments, the
temperature is mamtained at a pre~determined temperature for a pre~-determined amount of
time. A rate of cooling in a temperature ramp-down phase is configured to improve cell
viability. For example, certain cooling rates in a temperature ramp-down phase imaproves cell
functionality post-cryopreservation. In some embodiments, cooling rates in a temperature
ramp-down phase are configured to improve cell integrity or stability. In some embodiments,
the cryopreserved cells substantially maintain therapeutic effect post-cryopreservation. For
example, the cells are suitable for direct tmplantation at a target site of a patient post thawing
of the crvopreserved cells with a vield of therapeutic efficacy roughly equivalent to {or better

than) cells that have not been cryopreserved.

[0112] In some embodiments, the methods of crvopreserving includes one or more
hold steps that last from about 1 minutes to about 10 munuvtes. In some embodiments, the
hold step is for about 1 minute. In some embodiments, the hold step is for about 3 minutes.
in some embodiments, the hold step s for about 5 mimutes. n some embodiments, the hold
step is for about 10 minutes. The hold steps can occur at various temperature. For example,
tn some embodiments, the hold step occurs at a temperatare of about -2.0°C. In some
embodiments, the hold step is at a temperature of about -25°C. In some embodiments, the
hold step s at a temperature of about ~40°C. In some cmbodunents, the hold stepisata
temperature of about ~60°C. In some embodiments, the methods of crvopreserving disclosed
herein includes one, two, three, four, five or more hold steps. In some embodiments, the
method includes one hold step. In some embodiment, the method includes two hold steps. In
some embodiments, the method meludes three hold steps. In some embodiments, the method
includes four hold steps. In some embodiments, the method includes five hold steps. In

some embodiments, the method includes more than five hold steps.

(]
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{6113} In some embodiments, the total time for the crvoprotection process is less than
120 minutes. In some embodiments, the total time for the cryoprotection process is less than
100 minutes. To some embodiments, the total tume for the crvoprotection process 15 less than
S0 minutes. In some embodiments, the total time for the cryvoprotection process s about 60
minyles.

[0114] In some embodiments, the final temperature is about ~-80°C. In some
embodiments the final temperature 15 below ~-80°C. Tn some embodiments, the final
temperatare is -20°C. In some embodiments, the final temperature is -96°C. In some
cmbodiments, the final temperature 15 -120°C. In some cmbodiments, the final temperature is

-196°C.

[0115} In some embodiments, the method of freezing as disclosed herein,
cncorapasses a serics of stops resulting in controlled change i temperature. o somge

embodiments, the method can comprises a series of steps that comprises decreasing the

increasing the temperature.

0116} In some embodiments, a method of changing temperature of a sample
containing cells from a first temperatore to a final temperature of less than or equal to -80°C,
thercby crvopreserving the sample at the final temperature, the method comprises the steps of
{a} placing the sample at a first temperature above the freezing temperature of the sample; (b)
reducing the first temperature to a second temperature at a first controlled rate, where the
second temperature is at least 2°C less than the first temperature; (¢} reducing the second
temperature to a third temperature at a second controlled rate, where the third temperature is
at least 40°C less than the second temperatare; {d) increasing the third temperature to a fourth
temperature at a third controlled rate, where the fourth teraperature is at least 20°C more than
the third temperature; (e} reducing the fourth temperature to a fifth temperature at a fourth
controlled rate, where the fifth temperature is at least 10°C less than the fourth temperature;
and {f) reducing the fifth temperatore to the final temperature at a fifth controlied rate, where

the final tomperature is less than or equal to ~80°C.

[0117] In some embodiments, the first temperature is about 4°C to 0°C.

J0118] In some embodiments, the first controlled rate is between about 0.753°C and
1.25°C per nunute.

[0119] In some embodiments, the second teraperature is about -2°C.

26
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[6120] In some emboduments, the second controlied rate 1s between about 20°C and

30°C per minute.
jo121} In some embodiments, the third temperature is about -66°C.

10122} In some embodiments, the third controlled rate is between about 5°C and 13°C

per minute,

[0123] In some embodiments, the fourth temperature is about -25°C.
0124} In some embodiments, the fourth controlled rate 1s between 0.5°C and 1.25°C

per minute.

[0125] In some embodiments, the firth temperature is about -40°C,

[6126] In some embodiments, the fifth controlied rate is between 7°C and 15°C per
mingte.

0127} In some embodiments, final temperatore is less than or equal to -80°C.
10128} In some aspects, a method is provided comprising cryvopreserving enginecto

immune cells suitable for cell therapy, the method comprising stepwise freezing a population
of engincered immane celis at a controlied rate to minimize latent heat of fusion, where the
stepwise freezing comprises cooling the cells at a rate of between 0.3°C per minute to 30°C

per nunute to a final temp of -80°C or below, thereby to cryopreserving the cells.

[0129} In some aspects, a method of thawing the cryopreserved engineered immne
cells includes heating a container comprising the cryopreserved engineecred immune cellsto a

~

temperature of between 37°C and 70°C; and agitating the cells at a speed of between about

100 and about 2530 RPM for a suitable period of time until the cells are thawed.

[0136] In some aspects, a yoethod is provided comprising crvopreserving engincered
tmune cells suitable for cell therapy using a cryopreservation media described herein, the
method comprising stepwise freezing a population of engineered immune cells at a controlled
rate 1o mtrdmize latent heat of fusion, where the stepwise freczing comprises cooling the cells
at a rate of between 0.5°C per minute to 30°C per minute to a final temp of -80 or below,
thereby cryvopreserving the cells.

[0131] In somie aspects, a method of thawing the cryopreserved engineered immune
cells is provided, the method comprising heating a container comprising the crvopreserved

engineered immune cells 0 a temperatare of between 37°C and 70°C; and agitating the cells

o
2
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at a speed of between about 100 and about 250 RPM for a suitable pertod of time until the

cells are thawed.

0132} In some embodiments, the agitating the cells is at a speed of about between
100 RPM to about 250 RPM. In some embodiments, the agitating the cells is at a speed of
about between 100 RPM to about 150 RPM. In some embodiments, the agitating the cells is
at a speed of about between 100 RPM to about 125 RPM. In some embodiments, the
agitating the cells 1s at a speed of about 100 RPM. In some embodiments, the agitating the
cells is at a speed of about 125 RPM. In some embodiments, the agitating the cellsisat a
speed of about 150 RPM. Tn some embodiments, the agitating the cells is at a speed of about

200 RPM. In some embodiments, the agitating the cells is at a speed of about 250 RPM.

[0133} In some embodiments, the total time of thawing is about between 5 minutes
and 20 minutes. Accordingly, in some embodiments, the total time of thawing is about §
minuies. In some embodiments, the total time of thawing is about 10 minutes. In some
embodiments, the total time of thawing is about 15 minutes. In some embodiments, the total

time of thawing is about 20 minutes.

[0134) In a particular embodiment, the cryopreserved cells are CAR-NK cells which
comprise cord blood derived NK cells that have been engineered to express a CD-19 CAR, an
U.-15 and 1Caspase?, which are cryopreserved using methods deseribed herein and then
thawed in an orbital shaker water bath for about 10 minutes at 60°C and about 125 rpm. Onee

thawed, the cells may be administered to a subject in need thereof.

[0135] In some embodiments, the thawed cells are stable for between about | to 6
hours. Accordingly, in some embodiments, the thawed cells are stable for about between 2 to
4 hours. In some embodiments, the thawed cells are stable for about between 110 2 hours. In
some embodiments, the thawed cells are stable for about 1 hour. In some cmbodiments, the
thawed cells are sable for about 2 hours. In some embodiments, the thawed cells are stable for
about 3 howrs. In some embodiments, the thawed cells are stable for about 4 hours. In some
embodiments, the thawed cells are stable for about 3 howrs. In some embodiments, the
thawed cells are stable for more than 5 hours.

[0136) In some embodiments, the thawed cells can be administered to a subject in
need thereof during a period for which the thawed cells are stable. For example, in some
embodiments, the thawed cells are admimstored to a patient in need thereof, within between

about 30 minutes and 5 hours of thawing. In some embodiments, the thawed cells are
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administered to a patient in need thereof, within between about 30 minutes and 2 hours of
thawing. In some embodiments, the thawed cells are administered to a patient in need thereof,

immediately after thawing.

{0137} In several embodiments, the mammalian immme cclls can be frozen for
approximately 1-5 hours, 5-12 hours, 12-24 hours, 24-48 hours, 48 hours to one week, one
week to two weeks, two to three weeks, three to four weeks or longer, and overapping ranges
thercof. In some embodiments, the cells are eryopreserved and stored for more than one

month, for more than one year, more than § years, more than 10 years, or longer.

[0138] In some embodiments, the mmmune cells can be freshly isolated. In some

embodiments, the immune cells are at least once-frozen and thawed.

16139 In some embodiments, cryopreserved cells are thawed foruse {c.g.,
implantation) by transferring a cryovial contaiming the cryopreserved cells to a water bath
having a temperatare around body temperature, for example a temperatare of around 37°C, or
any other suitable temperature. fo other embodiments, a “step up” thawing process having a
step up heating rate is used. For example, the cryovial may, in some ernbodiments, be placed
i sequential storage environments with mcreasing temperatures before being transferred to a
temperature that is around body temperature, for example a water bath having a temperature

of 30°C. or more, or any other suitable temperature as described herein.

[0140] In several embodiments, the cells are thawed at patient bedside allowing for
immediate use of the freshly-thawed cells. In several embodiments, after thawing the immune
cells mav be transferred to a culture dish and cultured under appropriate conditions for a
period of approximately 30 minutes, one hour, 6 hours, 12 hours, 24 hours, 48 howrs, 72
hours, 86 hours, 110 hours, one week, two weeks, or more than three weeks prior to being
transported 1o the desived location {e.g., the operating room for delivery to a paticnt).
Alternatively, in several embodiments, the thawed cell-seeded substrate is directly mjected

into a patient.
Methods of Thawing

j0141} Current methods of thawing ¢ryopreserved cells are performed on cell
suspensions of marnmalian tunune celis. n some embodiments, the thawing process is rapid
and 1s scalable to up to § vials. In some embodiments, the thawing process is rapid and is
scalable to up to 10 vials, 15 vials, 20 vials, 25 vials, 30 vials or more. As deseribed above,

slow thawing tends to cause physical damages to cells due to formation of ice crystals.
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Current methods of thawing encompass thawing imnumne cells in orbital shaker water bath or
the like. In some embodiments, thawing can be accomplished by a dry-thawing device which
can unttormaly distribute heat throughout the cryopreserved samples to thaw the sample. In
some embodiments, the thawing is accomphished by adjusting the temperature of the water
bath to 40°C. In some embodiments, the thawing is accomplished by adjusting the
temperature of the water bath to 43°C. In some embodiments, the thawing is accomplished by
adjusting the teroperature of the water bath to 50°C. In some embodunents, the thawing 1s
accomplished by adjosting the temperature of the water bath to 55°C. In some embodiments,
the thawing is accomplished by adjusting the temperature of the water bath to 60°C. In some
cmbodiments, the thawing is accomplished by adjusting the temperature of the water bath to
65°C.

[0142} In some embodiments, the thawing is accomplished by adjusting the rotational
speed of the orbital shaker water bath to between 100 rpnand 230 rpm. In somie
embodiments, the thawing is accomplished by adjusting the rotational speed of the orbital
shaker water bath to 120 rpm. In some embodiments, the thawing 1s accomplished by
adjusting the rotational speed of the orbital shaker water bath to 125 rpm. In some
crobodiments, the thawing ts accomplished by adjusting the rotational speed of the orbital
shaker water bath to 130 rpm. In some embodiments, the thawing is accomplished by
adjusting the rotational speed of the orbital shaker water bath to 135 rpm. In some
embodiments, the thawing is accomplished by adjusting the rotational speed of the orbital
shaker water bath to 140 rpm. In some embodiments, the thawing 1s accomplished by
adjusting the rotational speed of the orbital shaker water bath to 145 rpm. In some
cembodiments, the thawing is accomplished by adjusting the rotational specd of the orbital
shaker water bath to 150 rpro. In some embodiments, the thawing is accomplished by

adjusting the rotational speed of the orbital shaker water bath more than 130 rpm.

[6143] In some embodiments, the speed of agitation does not cause shearing of cells

being thawed.

[0144] In some cmbodiments, the thawing is accomplished by adjusting the
temperature of the orbital shaker water bath to 37° € and the rotational speed to 100 rpm. In
some embodiments, the thawing is accomplished by adjusting the temperature of the orbital
shaker water bath to 37° C and the rotational speed to 125 rpm. In some embodiments, the
thawing is accomplished by adjusting the temperature of the orbital shaker water bath to 37°

C and the rotational speed to 150 rpm. In some embodiments, the thawing 1s accomplished by
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adjusting the temperature of the orbital shaker water bath to 37° C and the rotational speed to
175 rpm. I some embodiments, the thawing is accomplished by adjusting the temaperature of
the orbital shaker water bath to 37° C and the rotational speed to 200 rpm. In some
embodiments, the thawing is accomplished by adjusting the temperature of the orbital shaker
water bath to 45° C and the rotational speed to 100 rpm. In some cmbodiments, the thawing
is accomplished by adpusting the temperature of the orbital shaker water bath to 45° € and the
retational speed to 125 rpm. In some embodiments, the thawing is accomplished by adjusting
the temperature of the orbital shaker water bath to 45° C and the rotational speed to 150 rpm.
In some embodiments, the thawing is accomplished by adjusting the tomperature of the
orbital shaker water bath to 45° C and the rotational speed to 175 rpm. In some embodiments,
the thawing is accomplished by adjusting the terperature of the orbital shaker water bath to
45° € and the rotational speed to 200 rpm. In some embodiments, the thawing is
accomplished by adjusting the temperature of the orbital shaker water bath to 50° € and the
rotational speed to 100 rpm. o some crubodiments, the thawing is accomplished by adjusting
the temperature of the orbital shaker water bath to 50° C and the rotational speed to 125 rpm.
In some embodiments, the thawing is accomplished by adjusting the temperature of the
orbital shaker water bath to 50° C and the rotational speed to 130 rpm. In some embodiments,
the thawing is accomplished by adjusting the temperature of the orbital shaker water bath to
50° C and the rotational speed to 175 rpm. In some embodiments, the thawing is
accomplished by adjusting the tomperature of the orbital shaker water bath to 50° C and the
rotational speed to 200 rpm. In some cmbodiments, the thawing s accomplished by adjusting
the temperature of the orbital shaker water bath to 60° C and the rotational speed to 100 rpr.
In some embodiments, the thawing is accomplished by adjusting the temperature of the
orbital shaker water bath to 60° € and the rotational speed to 125 rpm. In some cmbodiments,
the thawing is accomplished by adjusting the teraperature of the orbital shaker water bath to
6(° C and the rotational speed to 150 rpm. In some embodiments, the thawing 1s
accomplished by adjusting the temperature of the orbital shaker water bath to 60° C and the
rotational speed to 175 rpo. In some crabodiments, the thawing is accomplished by adjusting
the temperature of the orbital shaker water bath to 60° C and the rotational speed to 200 rpr.
An exemplary orbital shaker 1s shown in FIG. 1A-1B.

[0145] In some embodiments, the thawng is accomplished by adjusting the
temperature of the dry heating device to 37° C and the rotational speed to 100 rpm. In some

embodiments, the thawing is accomplished by adjusting the temperature of the dry heating
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device to 37° C and the rotational speed to 125 rpm. In some embodiments, the thawing is
accomplished by adjusting the temperature of the dry heating device to 37° € and the
rotational speed to 150 . In some embodiments, the thawing is accomplished by adjusting
the temperature of the dry heating device 1o 37° € and the rotational speed to 175 pm. In
some cmbodiments, the thawing is accomplished by adjusting the temperatare of the dry
heating device to 37° € and the rotational speed to 200 rpm. In some embodiments, the
thawing is accomplished by adjusting the temperature of the drv heating device 10 45° C and
the rotational speed to 100 rpm. In some embodiments, the thawing is accomplished by
adjusting the temperature of the dry heating device to 45° C and the rotational speed to 125
rpm. In some embodiments, the thawing is accomplished by adjusting the temperature of the
dry heating device to 457 C and the rotational speed to 130 rpm. Tn some embodiments, the
thawing is accomplished by adjusting the temperature of the dry heating device to 45° C and
the rotational speed to 173 rpm. In some embodiments, the thawing is accomplished by
adjusting the temperature of the dry heating device to 45° € and the rotational speed to 200
rpm. In some embodiments, the thawing is accomplished by adjusting the teraperature of the
dry heating device to 50° C and the rotational speed to 100 rpm. In some embodiments, the
thawing ts accomplished by adjusting the temperature of the dry heating device to 50° C and
the rotational speed to 125 rpm. In some embodiments, the thawing is accomplished by
adjusting the temperature of the dry heating device to 30° € and the rotational speed to 150
rpm. In some embodiments, the thawing is accomplished by adjusting the teraperature of the
dry heating device to 50° € and the rotational speed to 175 rpm. In some emboduments, the
thawing 1s accomplished by adjusting the temperatare of the dry heating device to 50° C and
the rotational speed to 200 rpm. In some embodiments, the thawing is accomplished by
adjusting the temperature of the dry heating device to 60° € and the rotational speed to 100
rpm. In some embodiments the thawing is accomplished by adjusting the terperature of the
dry heating device to 60° C and the rotational speed to 125 rpm. In some embodiments, the
thawing is accomplished by adjusting the temperature of the dry heating device to 60° C and
the rotational speed to 150 mpra. In some embodiments, the thawing is accomplished by
adjusting the temperature of the dry heating device to 60° € and the rotational speed to 175
rpm. In some embodiments the thawing is accomplished by adjusting the temperature of the

dry heating device to 60° C and the rotational speed to 200 rpm.

146} In some embodiments, the thawmg is accomplished by mcubating the

cryopreserved cell suspension in the orbital shaker water bath for about 5 min. In some
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embodiments, the thawing is accomplished by incubating the crvopreserved cell suspension
in the orbital shaker water bath for about 6 min. In some embodiments, the thawing is
accoroplished by mcubating the crvopreserved ceoll suspension in the orbital shaker water bath
for about 7 min. In some embodiments, the thawing is accomplished by mcubating the
cryopreserved cell suspension in the orbital shaker water bath for about 8 min. In some
embodiments, the thawing is accomplished by incubating the cryopreserved cell suspension
in the orbital shaker water bath for about 9 min. In some crobodiments, the thawing s
accomplished by incebating the cryopreserved cell suspension in the orbital shaker water bath
for about 10 min. In some embodiments, the thawing is accomplished by incubating the
crvopreserved cell suspension in the orbital shaker water bath for about 11 min. In some
embodiments, the thawing is accomplished by incubating the cryopreserved cell suspension
in the orbital shaker water bath for about 12 min. In some embodiments, the thawing is
accomplished by incubating the cryopreserved coll suspension in the orbital shaker water bath
for about 13 mun. In some embodiments, the thawing 1s accomplished by incubating the
crvopreserved cell suspension in the orbital shaker water bath for about 14 min. In some
embodiments, the thawing is accomplished by incubating the crvopreserved cell suspension

in the orbital shaker water bath for about 15 nun.

[0147] In some embodiments, the thawing is accomplished by incubating the
crvopreserved cell suspension in the dry heating device for about 5 min. In some
embodiments, the thawing is accomplished by incubating the cryopreserved coll suspension
in the dry heating deviee for about 6 min. In some emboduments, the thawing 1s accomplished
by incubating the cryvopreserved cell suspension in the dry heating device for abowt 7 min. In
some embodiments, the thawing is accomplished by tncubating the cryopreserved cell
suspension in the dry heating device for about 8 nun. In some embodiments, the thawing is
accomplished by incubating the cryopreserved cell suspension in the dry heating device for
about 9 min. In some embodiments, the thawing is accomplished by incubating the
cryvoprescrved cell suspension o dry heating device for about 10 min. In some embodiments,
the thawing 1s accomplished by incubating the crvopreserved cell suspension n the dry
heating device for about 11 min. In some embodiments, the thawing is accomplished by
meubating the cryopreserved cell suspension in dry heating device for about 12 min. In some
cmbodiments, the thawing s accomplished by incubating the cryopreserved cell suspension
i the dry heating device for about 13 min. In some embodiments, the thawing is

accomplished by incubating the cryopreserved coll suspension in the dry heating dovice for
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about 14 nun. In some embodiments, the thawing 1s accomplished by incubating the

cryvopreserved cell suspension in the dry heating device bath for about 15 min.

[0148] . Thawing cells in this manner, such as for example CAR-NK cells, allows for
thawed cells to retain high viability (&.g., greater than 70%, 75%, 80%, &5%, 0%, 95%, or
Ko/

greater than 95%) and functionality similar to cells that have not been cryopreserved

following CAR transduction.
Measurement of cell freeze-thaw efficacy

j0149] In some embodiments, the frecze-thaw efficacy 18 measured by measuring cell
viability using, for example, by staining dead cells to distinguish from live cells. In some
embodiments, the freeze-thaw cfficacy is measured by measuring metabolic activity, ATP
content, or ccll proliferation. Any suttable assay for measuring cell viability can be used to
assess cell viability. In some embodiments, the ficeze-thaw 1s effective if cell viability is
greater than 50%. In some embodiments, the frecze-thaw s effective if cell viability is greater
than 60%. In some embodiments frecze-thaw is eftfective if cell viability 1s greater than 70%.
In some embodiments, the freeze~-thaw 13 effective if cell viability s greater than 806%. Tn

some embodiments, the freeze-thaw is effective if cell viability is greater than 90%.

0150} In some embodiments, the froeze-thaw efficacy 15 measured by measuring
percent killing of a target at a given effector to target (E:T) ratio. E:T ratio is a given amount
of T cells {effector cells) taken, to amount of target cells. In some embodiments, the freeze-
thaw is effective if the percent target killing is at a particular E:'T ratio in comparison to a

freshly isolated cell sample BT ratio.
Methods of Use of Cryopreservation

[6151] In some embodiments, the cryopreservation procedure is used in conmection
with transporting therapeutic cells to a destination of ase. In some embodiments, to avoid
devitrification, cryopreserved cells are transported in lguid nitrogen dry shippers, e.g.. ata
temperature ranging from -140C to -196C. Accordingly, in some embodiments, the
cryopreserved cells are transported 10 a crvoshipping container.  In some embodiments,
vitrified cells are shipped in a stertle container and/or in a stertle environment. In some
embodiments, vitrified cells are transported to locatiouns, for example hospitals or cell banks,
in large scale. In some embodiments, the crvopreservation techniques described heren are

compatible with vapor phase storage for 96 hours under “transport conditions™ do not
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adversely affect the viability after warming. In sonie embodiments, the cryopreserved cells

are thawed at patient bedside.
Cryopreservation Media

{6152} Provided herein are various cryopreservation media switable for
cryoprescrving cells. In some embodiments, the cryopreservation media provided herein is
suitable for cryopreserving immune cells. Various immume cells are known, and inchide for
example NK cells; T cells including alpha beta T cells, gamma delta T cells and regudatory T
cells; B cells; HSCs; and MSCs. In one embodument, the mumune cells are cord blood dertved
NK cells, 1PS cell derived NK cells and 1PS cell derived T cells. In one embodiment, the cells

are NK cells, in particular, allogeneic NK cells expressing a CAR (¢, CAR-NK cells).

[6153] In some aspects, a suttable cryopreservation medium for crvopreserving and
subseqguent thawing of viable cells comprises: a cryoprotectant, an albumin and a non-
pyrogenic and isctonic erystalloid solution. In some aspects, a sutable cryopreservation
medium for cryopreserving and subseguent thawing of viable celis comprises: a
cryoprotectant, a disaccharide, an albumin and a non-pyrogenic and isotonic crystalloid

solution.

{6154} Various cryoprotectants are known 1n the art and include, for example,
dimethyl sulfoxide (DMSQO), glveerol, and propanediol among others. In some embodiments,
the cryopreservation medium comprises DMSO as a eryoprotectant. In some embodiments,

bhuman serum atbumin (HSA) is the albunin m the cryopreservation mediim.

{3155} In some embodiments, the suitable cryopreservation mediam also comprises a
saccharide or a sugar. In another aspects, a suttable cryopreservation medinm comprises:
HSA, sodium, sodium chioride, sodium gluconate, sodium acctate trihydrate, potassium

chloride, magnesium chloride, dimethy] sulfoxide (DMSO}, and a disaccharide.

{8156] in some embodiments, a saccharide includes a monosaccharide, a
disaccharide, a trisaccharide or a polysaccharide. In some embodiments, the saccharide s a
disaccharide. In some embodiments, the disacchande 15 sucrose, lactose, maltose, trehalose,

cellobiose, or chitobiose. In some embodiments, the disaccharide is trehalose.

{6157} In some embodiments, a suitable crvopreservation medium incudes one or
more of ghucose, xyiose, arabinose, fructose, galactose, mannose, manmtiol, sorbitol, xylitol,
myvoinositol, trehalose, sucrose, lactose, maltose, cellobiose, lactitol, maltitol, methyl

cellulose, carboxymethyl cellulose, dextran, glycogen, amvlose, amylopectin, mulin, sodium
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algimate, cthyl cellulose, hydroxyethyl cellulose, raffinose, stachvose, xanthan gum,
glucosamine, and galactosamine. In some embodiments, a suitable cryopreservation medium
inchudes trehalose, sucrose, maonitol, and/or dextran. n some embodiments, a suitable
cryopreservation medium meudes one or more sugars selected from trehalose, sucrose and/or

mannitol.

{6158} Yarious concentration of saccharides or sugar can beused in a
crvopreservation medinm. In some embodiments, the eryopreservation medium nchudes
trehalose, sucrose, or mannitol between about 0 mM ~ 500 mM. In some embodiments, the
cryopreservation medium includes trehalose, sucrose, or manuttol between about 0 mM - 200
mM. In some embodiments, the crvopreservation mediwm includes trehalose, sucrose, or

mannitol between about O mM —~ 100 mM.

{6139} In some embodiments, the cryopreservation media includes one or more
sugars selected from trehalose, sucrose and/or mannifol at a concentration of between about
0-100 mM. In some embodiments, the crvopreservation medium inchudes mannitol between

about 0-100 ;M.

{3160} In some embodiments, the cryopreservation medium inclades trehalose
between about 10 mM ~ 100 mM. In some embodiments, the cryopreservation medium

includes 30 mM trehalose.

{6161} Accordingly, in some embodiments, trehalose, sucrose, or mannitol is present
in the cryopreservation medium at a final concentration of about 1 mM, 5 mM, 10 mM, 15
mM, 20 mM, 25 mM, 30 mM, 35 mM, 40 mM, 45 mM, 50 mM, 35 oM, 60 mM, 65 mM, 70
mM, 75 mM, 80 mM, 85 mM, 90 mM, 95 mM, 100 mM, 105 mM, 110 mM, 115 mM, 120
mM, 125 mM, 130 mM, 135 mM, 140 mM, 145 mM, 150 oM, 135 mM, 160 mM, 165 mM,
170 mM, 175 oM, 180 M, 185 mM, 190 mM, 195 mM, or 200 mM.

{0162} Accordingly, in some embodiments, trehalose, sucrose, or mannito] is present
in the eryopreservation medium at a final concentration of fess than | mM, less than 10 mM,
less than 20 mM, less than 30 mM, less than 40 mM, less than 50 mM, less than 60 mM, less
than 70 mM, less than 80 mM, lcss than 90 mM, less than 100 mM, less than 110 mM, less
than 120 ;M less than 130 mM, less than 140 mM, less than 150 mM, less than 160 mM,

fess than 170 mM, less than 180 mM, less than 190 mM, or less than 200 mM.

{8163} In some embodiments, the cryopreservation medium inchides a dextran. In

some embodiments, the cryopreservation medium includes a dextran between about 9-20 w/v
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%. In some embodiments, the cryopreservation medium includes a dextran between about 0-6
wiv %. Accordingly, in some embodiments, dexiran is present inn the cryopreservation
medium at a final concentration of about 0.2 w/v9%, 0.4 wiv%, 0.6 wiv%, 0.8 wiv¥, 1.0
wivSe, 1.5 wiv%, 2.0 wivPe, 2.5 wivSs, 3.0 wiv %, 3.5 wiv %, 4 0 wiv %, 4.5 wiv %, 5.0 w/v
%%, 3.5 wiv %, 6.0 wiv %, 6.5 wivWe, 7.0 wiv%, 7.5 wiv%, 8.0 wiv%, 8.5 w/iv¥e, 9.0 wivYs,
G5 wiv%, 10.0 w/ivo%, 10.5 wiv%, 11.0 wiv%, 11.5 w/iv9, 12.0 w/iv%, 12.5 wiv%, 13.0
wive, 13.5 wivSs, 14.0 wiv%, 14.3 wiv%, 15.0 wivos, 135 wiv¥, 16.0 wivs, 16.5 wivle,

17.0 w/v¥%, 17.5 wiv¥o, 18.0 wivos, 18.3 w/v¥%, 19.0 wivle, 19.5 wives, or 20.0 w/iv¥%.

{B164] In some embodiments, the cryopreservation medum comprises a non-
pyvrogenic and 1sotome crystalloid solution. Varnous non-pyrogenic and isotonic erystalioid
solutions can be used in the crvopreservation medium described herein. For example,
exemplary isotonic crystalloid solutions can be used in the cryopreservation media include
PLASMA-LYTE A, normal saline, a lactate buffered solution, an acetate butfered solution,
an acetate and lactate buffered solution, and a dextrose in water solution. Generally, non-
pyrogenic and isotonic crystalloid solutions comprise one or more of the following sodium
chioride, sodium gluconate, sodium acetate trihvdrate, potassivm chlornide, and magnesium
chloride. Accordingly, fn some ernbodiments, the cryvopreservation medium comprises one or
more of the following sodtum chioride, sodium gheconate, sodium acetate trihydrate,
potassium chioride, and magnesium chloride. In some embodiments, following sodium
chloride, sodiwm glaconate, sodium acetate tribvdrate, potassium chloride, and maguesium
chlonde. An example of a commercially available non-pyrogenic and 1sotonic erystalioid
sohutions is PLASMA-LYTE A In some embodiments, the non-pyrogenic and isotonic
crystalioid solution is PLASMA-LYTE A. In some crabodiments, the non-pyrogenic and
isotonte erystalloid solution 1s a 0.9% normal saline solution. In some embodiments, the non-
pyrogenic and sotonic crystalloid solation s a lactate buffered solution. In some
embodiments, the non-pyrogenic and isotonic crystalloid solution is a dextrose in water

solution.

{8165} PLASMA-LYTE A mchudes sodium chlonde, sodium gluconate, sodiam
acetate trihydrate, potassium chloride, and magnesium chloride. In some embodiments, the
cryopreservation medium mchides between about 10% v/v — 75% v/v Plasma-LYTE A Tn
some embodiments, the crvopreservation medium includes between about 23% v/iv - 30% viv
PLASMA-LYTE A. In some embodiments, the cryopreservation medium includes between

about 40% v/v PLASMA-LYTE A Accordingly, in some embodiments, the cryopreservation

[5)
-2
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medium mchudes about 10% v/v, 18% v/v, 20% viv, 25% viv, 30% viv, 35% viv, 40% viv,
2 2 2 2 2

45% viv | 50% vlv, 55% viv, 60% viv, 65% v/v, T0% viv, or 75% viv PLASMA-LYTE A.

>

{1166} In some embodiments, the cryopreservation medium includes sodium chloride
between about 0.1 mg/mL to about 1 mg/mL. In some embodiments, the cryopreservation
medium includes sodium chloride between about 0.4 mg/ml to about 0.6 mg/mL.
Accordingly, in some emboduments, the cryopreservation medum jncludes about 0.1 mg/ml,
0.15 mg/mL, 0.2 mg/ml, 0.25 mg/mi, 0.3 mg/ml, 0.35 mg/mL, 0.4 mg/mL, 0.45 mg/ml,
0.3 mg/mL, 0.55 mg/ml., 0.6 mg/mb., 0.65 mg/mL, 0.7 mg/mL, 0.75 mg/mL, 0.8 mg/ml..

0.85 mg/ml, 0.9 mg/mL, 0.95 mg/mk., | mg/mL sodium chloride.

{3167} In some embodiments, the cryvopreservation medium includes sodium
gluconate between about 0.1 mg/mL to about | mg/mb. In some embodiments, the
crvopreservation medium includes sodium gluconate between about 0.3 mg/mL to about 0.6
mg/ml.. Accordingly, in some embodiments, the cryopreservation medium mncludes about 0.1
mg/mi, 6.15 mg/mbL, 0.2 mg/mL, 0.25 mg/mL, 0.3 mg/mL, 0.35 mg/miL, 0.4 mg/mL, 045
mg/mb, 0.5 mg/ml, 0.55 mg/mb, 0.6 mg/mL, 0.65 mg/mL, 0.7 mg/mL. .75 mg/mL, 0.8

mg/mb, 0.85 mg/mL, 0.9 mg/mlL, 0.95 mg/mL., | mg/mL sodium ghiconate.

{3168} In some embodiments, the cryopreservation medium includes between about
25% viv = 75% viv CS10. In some embodiments, the crvopreservation medium includes
between about 40% v/v — 60% v/v CS10. In some embodiments, the crvopreservation
medium includes about 50% v/v €810, Accordingly, in some embodiments, the C510 is
present in the cryopreservation medium at about 25% viv, 30% v/v, 35% v/iv, 40% viv, 45%
viv, S0% viv, 35% viv, 50% viv, 65% viv, T0% viv, or 75% viv. In some embodiments, the

CS10 comprises dimethyl sulfoxide (DMSO).

{6169} In some embodiment, the cryopreservation medium comprises buman serum
atbumin (HSA). In some embodunents, the cryvopreservation medium includes between about
0.5 viv% -25 viv% HSA. In some embodiments, the cryopreservation medivm includes
between about 5 viv% -20 viv% HSA. In some embodiments, the crvopreservation medium
nchudes about 10 v/iv% HSA. In some emboduments, the cryvopreservation mediurn includes
about 1.25% v/v to 5% v/v HSA. In some embodiments, the cryopreservation medium

includes about 2.5% v/v HSA.

{6174] Accordingly, in some embodiments, the cryvoprescrvation medium includes

about 0.5 v/v%, 1.0 viv%, 1.5 viv%, 2.0 viv%, 2.5 viv¥e, 3.0 viv%, 3.5 viv¥e, 4.0 vivle, 4.5
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vivSs, 5.0 viv¥e, 6.0 vIv9%, 6.5 viv¥e, 7.0 vV, 7.3 vivYe, 8.0 vIv9%, 8.5 viv%e, 9.0 v/v9s, 10.0
viv%, 1053 viv%, 11.0 v/v%, 11.5 viv ’9'6, 1220 v/v%, 12.5 viv¥e, 13.0 viv%, 13.5 viv%, 14.0
viv%, 145 viv%, 15.0 viv%, 15.

viv¥e, 183 viv%, 19.0 viv%, 19.3 v/iv%, 20.0 viv9%, 20.5 v/iv¥, 218 viv%, 21.5 viv96, 22.0

viv¥o, 22.5 viv%, 23.0 vivio, 23 .3 viv¥%, 24 0 viv%, 24.5 viv¥o, or 25.0 viv9% HSA.

Sviv9%, 16.0 viv9s, 16.5 viv¥, 17.0viv%, 17.5 viv9, 18.0

{6171} In some aspects, the cryopreservation medium comprises one or more of HSA,
Ca”", Na™, K*, Mg?", HEPES, one or more disaccharides, a sugar alcohol, dextran, a
metabolite, and an anti-oxidant. In another aspects, the crvopreservation medium comprises:
HSA, Na*, K*, Mg, HEPES (4-(2-hvdroxyethyl)-1-piperazincethanesulfonic acid) at a
concentration of about 0-33 mM, one or more sugars selected from trehalose, sucrose and/or
mannitol at a concentration of between about 0-100 mM, dextran between about 0-6%,
adenosine, and glutathione. In some embodiments, the metabolite is adenosme. In some

embodiments, the anti-oxidant is glutathione.

{6172} Accordingly, in some embodiments, the HEPES is present in the
cryopreservation medium at about 0 mM, 0.5 oM, 1 oM, 5 oM, 10 oM, 15 M, 20 mM,
25 mM, 38 mM, 35 mM, 40 mM, 45 mM, 30 mM, or 55 mM.

{9173} In some embodiments, the cryopreservation medium comprises human seram

alburoin (HSA), PLASMA-LYTE A, and CS10.

{6174} In some aspects, the crvopreservation medinm is suitable for eryopreserving
natural killer (NK) cells. In some embodiments, the NK cells are from primary cell isolates.
In some embodiments, the NK celis are cord blood derved NK ¢ells. In some embodiments,
the NK cells are from a cell hine. In some embodiments, the NK celis are fresh cells. In some
embodiments, the NK cells were previously frozen and thawed, for example, the NK cells
were previously frozen and thawed cord blood-derived NK cells. In some embodiments, the
NK cells comprise a chimeric antigen receptor (CAR), such as for example CD19 CAR. In
some embodiments, the cryopreservation medium comprises NK cells at a concentration of

between 6 M/mL to 120 M/mL.

{175} In some embodiments, a CAR-NK cell therapy produact is crvopreserved using
the formulations described hercin. In some cmbodiments, the CAR-NK cell therapy product
is an allogeneic cell therapy product comprised of buman cord blood-derived NK cells

transduced with a retroviral vector expressing iCaspase?, CD-19 CAR and IL-13.
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{6176} In some embodiments, a CAR-NK cell therapy product comprises an anti-
D19 binding domain comprising a light chain variable region comprising the amino acid
sequence set forth in SEQ 1D NO: | and/or a heavy chain vaniable region listed 1o SEQ 1D
NG: 2. In another embodiment, the CD-19 CAR can mclude an anti-CD 19 binding domam, a
CD28 transmembrane domain {an exemplary {D28 transmembrane sequence is shown in
SEQ D NG 3, a CD3z signaling domain {an exemplary CD3z sequence is shown in SEQ ID

NG 4 and can further inchude a suicide switch such as iCaspase? and/or 1L-~15.

{6177 In one cmbodiment, a CAR-NK cell therapy product includes a nucleic acid
molecule encoding the heavy chain variable region of an anti-CI 19 binding domain and/ora

nucleic acid molecule encoding the light chain variable region of an anti-CD 9 binding

domain.
{8178} Accordingly, in some embodiments, the cryopreservation medium comprises

NK cells at a congentration of about 1 M/mb, 5 M/mL., 10 M/l 15 M/mb, 20 M/ml, 25
M/mL, 30 M/mlL, 35 M/mL, 40 M/mL, 45 M/mL, 50 M/mL, 55 M/ml, 60 M/mL, 65 M/mlL,
70 M/mL, 75 M/mi., 80 M/mL, 85 M/mL, 90 M/mi, 95 M/mL, 100 M/mL, 105 M/mb, 110
M/mL, 115 M/mL, 120 M/mL, 130 M/mL, 140 M/mbL, 150 M/mL, 160 M/mbL, 170 M/mL,
180 M/mlL, 190 M/mL, 200 M/mL.

{8179] In some embodiments, the genetically enginecred cord blood NK cells are
present at a concentration of between 6 M/mL to 120 M/mL. In some embodiments, the
genetically engineered cord blood NK cells are present at a concentration of between 6 M/mL
to 200 M/mL. In some embodiments, the genetically engineered cord blood NK cells are
present at a concentration of between 6 M/mL to 25 M/mL. In some embodiments, the
genetically engineered cord blood NK cells are present at a concentration of between 6 M/mL
to 120 M/mL in a volume of medium ranging from 30-45 ml. In some embodiments, the
genetically engineered cord blood NK cells are present at a concentration of between 6 M/mL
to 200 M/mL in a volome of mediom ranging from 30-45 md. In some embodiments, the
genctically engineered cord blood NK cells are present at a concentration of between 6 MimL

to 25 M/mL in a volume of medium ranging from 30-45 mi.

{6184} In some embodiments, CAR-NK cells are formulated n a crvopreserved
media provided herein at a concentration ranging from 100 miflion cells to 900 million cells,
present in a volume of medium ranging from 30-45 mb. In a particular embodiments, CAR-

NK cells are present at a concentration of about 200 million celis 1n a volurae of about 36 ml

490
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of media. In another embodiments, CAR-NK cells are present at a concentration of about
800 million celis in a volume of about 36 mL of media. In some embodiments, cells in 36

mk. of media are contained n an aseptic condainer (e.g., an AT vial).

[0181} In some embodiments, the NK cells comprise a CAR-NK cell therapy product
comprising a population of cells between about 100X 10° cells and about 900X 10° formulated
in a cryopreservation media described herein. In some embodiments, the NK celis comprise a
CAR-NK cell therapy product corprising a population of cells ranging from 200x10% cells 1o
about 800x 10° formulated in a cryopreservation media described herein, In some
embodiments, the CAR-NK cell therapy product is an allogeneic cell therapy product
comprised of human cord blood-derived NK cells transduced with a retroviral vector
expressing iCaspase?, CD19 CAR and IL-15. In a particular embodiment, CAR-NK cell
therapy produact 1s an allogeneic cell therapy product comprised of haman cord blood-derived
NK cells transduced with a retroviral vector expressing 1Caspase?, CD19 CAR and 1L-15,
where the transduced cells are formulated at a concentration of 6M to 120M cells/mL n 36
ml of a crvopreserved media comprising DMSO, trehalose, HSA and PLASMA-LYTE A. In
another embodiment, CAR-NK cell therapy product is an allogeneic celf therapy product
comprised of buman cord blood-derived NK cells transduced with a retroviral vector
expressing 1Caspased, CD19 CAR and 1L-15, where the transduced cells are formulated at a
concentration of 8002 10°cells in 36 ml of a cryopreserved media comprising DMSO,
trehalose, HSA and PLASMA-LYTE A, In some embodiments, the transduced cells are
frozen using a method described herein after they are suspended in the cryopreservation
medium. The frozen cells can then be shipped or transporied in a eryoshipper{c.g., ata
temperature ranging from -140C to -196C) to a point of care location and administered to a
subject in need thereof (e.g., a cancer patient) subseguent to thawing the cells using a method

described herein.
Uses of Cryopreserved Cells

{6182] The methods and composttions described herein, including the CAR-NK cell
composifions are suitable for adoptive cell therapy. Adoptive cell therapies can be used to
treat various discase, including, for example, cancer. In certain embodiments, the frozen and
subsequently thawed CAR-NK cell compositions contained within the cryopreservation
medium described herein 15 useful for the treatment of a cancer or a tumor. o certain
embodiments, the cancer comprises breast, heart, lung, small miestine, colon, spleen, kidney,

bladder, head. neck, ovarnian, prostate, brain, pancreatic, skin, bone, bone marrow, blood,
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thymus, utenne, testicular, and hiver tumors. In some embodiments, the cancer is a blood
cancer. In some embodiments, the blood cancer is a B-cell malignancy (e.g., diffuse lagge B-

cell lymphoma).

{6183} In some embodiments, the methods described herein are useful for adoptive
cell therapy. Accordingly, in some embodiment, cells described herein are cryopreserved and
thawed 10 accordance with the descriptions provided herein. In some embodiments, the cells
are NK as described herein. In some embodiments, the NK cells are suspended i

cryopreservation media as described herein

{4184} In some embodiments, the CAR-NK cell compositions suspended m the
cryopreservation media described herein is used to treat a subject who has cancer. In some
embodiments, the subject is administered a composition comprising CAR-NK ceils within the
crvopreservation media described herein. In some embodiments, the CAR-NK cell
comprises an anti~-CD19 CAR gene and an IL-15 gene. In some embodiments, the CAR-NK
cell comprises an anti-CD 19 CAR gene, an IL-15 gene, and iCaspaseY. In some
cmbodiments, the CAR-NK cells are not washed prior to adounistering to a subject i need
thereof. In some embodiments, the CAR-NK cells are washed of the crvopreservation media

prior to administering to a sabject in need thereof.

{6185) In some embodiments, the adoptive cell therapy 1s used i cormabination with
one or more additional cancer treatments, such as for example lymphodepleting
chemotherapy. Accordingly, in some embodiments, a subject who bas cancer receives
tvmphodepleting chemotberapy before administration of a CAR-NK cell therapy product

formulated in a cryopreservation media described herein,

{3186} In some embodiments, a CAR-NK ccl therapy product is cryopreserved as
described hercin and subscquently thawed prior to administration to a patient in need thereof.
For example, a CAR-NK cell therapy product as described herein s crvopreserved,
transported, thawed, and administered to a patient in need thereof as described herein.
Accordingly, 1o some embodiments, the CAR-NK cell therapy product is cryvoprescrved in a
formulation as described herein and subsequently thawed prior to administration to a patient
for treatment of B-cell malignancies.

{6187} In some embodiments, the frozen CAR-NK cell therapy product is frozen and
transported as described herein to a patient in need thereof. For example, m some

embodiments, a method of transporting the cell therapy product comprises: {a) contacting the
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CAR-NK cells with a crvopreservation mediam as described herein; (b} cooling the CAR-NK
cells to a temperature of -80°C, thereby cryopreserving the mammalian cells; and (¢)
transporting the cryopreserved maramalian cells 1o a different focation at a temperature of
between about ~20°C to about ~190°C or below. In some embodiments, the cells are stored
and transported at or less than about -190°C, and particudar embodiment, at or below -140°C.
In some embodiments, the transported cells may be stored in a cryo-shipper vatil

adounistration to a paticot.

{6188] In a particular embodiments the cells used for adoptive cell therapy are
cryopreserved i avial (e.z., a 50 md AT vial} at a concentration of 200-800 nullion celis ina
volume of 36 ml of crvopreservation media. In various embodiments, the vial may be labeled
after the cells are frozen and shipped with the label in a cryoshipper to a pomt of care

location. In some embodiments, the vial may be labeled prior to freezing the cells.

{6189} In some embodiments, the cell therapy product 1s a CDi9 CAR NK cells that
further comprises 1L-15 and iCaspase?. In some embodiments, the cell therapy product is
crvopreserved in a container at concentration of between about 6 and 120 ratllion cells per
milliliter. In some embodiments, the cell therapy product is crvopreserved in a 50 mL
container at concentration of between about 6 and 120 million cells per milliliter. In some
embodiments, the coll therapy product is crvopreserved in a 50 mb container at concentration
of between about 3 and 150 milion cells per mullidtter. In some embodiments, the cell
therapy product is crvopreserved m a 50 mL container at concentration of between about 1
and 250 million cells per milliliter. In some embodiments, the cell therapy product is
cryopreserved in a 50 mL container at concentration of between about | and 350 mullion cells
per nulliliter. In some embodiments, the cell therapy product is ervopreserved in a S0 mL

container at a concentration of between about 1 and 560 rullion cells per nnilibiter.

{6194} In some embodiments, the cell therapy product comprises between about
20x1G° and 100X 107 cells in 50 mL comtainer. In some embodiments, the cell therapy
product comprises between about 100x10% and 900X 10% cells in 50 mL container. In some
embodiments, the cell therapy product comprises about 50x10° cells in 50 mL container. In
some embodiments, the cell therapy product comprises about 100X 10 cells in 50 mL
container. In some embodiments, the cell therapy product comprises about 20010 cells in
30 mL container. In some embodiments, the cell therapy product comprises about 100> 10°
cells in 530 mL container. In some embodiments, the cell therapy product comprises about

200x10% cells in 50 mL container. In some embodiments, the cell therapy product comprises
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about 300x10° cells in 50 mL container. In some embodiments, the cell therapy product
comprises about 400 10% cells in 50 mL container. In some embodiments, the cell therapy
product comprises about 300x [0° cells in 30 ml. container. In some embodiments, the celi
therapy product comprises about 63{X 107 cells in 30 mL container. In some embodiments,
the celf therapy product comprises about 700X 100 cells in 50 mL container. In some
embodiments, the cell therapy product comprises about 800% 10° cells in 50 mL container. In
some embodiments, the cell therapy product comprises abouat 900X 10° cells in 50 mL
container. In some embodiments, the cell therapy product comprises about 100x107cells in

50 mL container.

{0191} In some emboduments, the ccll therapy product is contained in g 50 mlL
container at a fill vohune of about between 20-45 mL. In some embodiments, the cell therapy
product is contained in a 50 mb container at a fill volume of about 36 mL. In some
cmbodiments, the cell therapy product 1s an invoune cell, such as an NK cell, T eell or B cell.
In some embodiments, the immune cell is engineered fo comprise one or more transgenes, for
example a chimeric antigen receptor ({CAR). In some embodiments, the cells are CAR-NK+
cells. In some embodiments, the cell therapy product comprises a C19 CAR, 1L-15
transgene and an iCaspas9. In some embodiments, the cell therapy product comprises
between about 100x 10° and 900X 10° CAR-NK+ cells in a 50-mi container. In some
embodiments, the amount of cell therapy product present is 100x 0% CAR-NK+ cellsina
50-mi container. In some embodiments, the amount of cell therapy product present is 200
10° CAR-NK+ cells in a 50-ml contaiver. In some embodiments, the amount of cell therapy
product present is 300x [0° CAR-NK+ cells in a 50-m] container. In some embodiments, the
amount of cell therapy product present is 400x {0° CAR-NK+ cells in a 30-mi container. In
some embodiments, the amount of cell therapy product present is 300x 10° CAR-NK+ cells
in a 50-ml container. In some embodiments, the amount of cell therapy product present is
600x 108 CAR-NK+ cells i a 50-mi container. In sormne embodiments, the amount of cell
therapy product present is 700x 105 CAR-NK+ cells in a 50-mi contamer. In some
embodiments, the cell therapy product present is 800x 10 CAR-NK+ cells in a 30-ml
container. In some embodiments, the cell therapy product present is 900x 10° CAR-NK+
cells in a 30-nd container. In some cmbodiments, the amount of cell therapy product present

is 100X 107 CAR-NK+ cells in a 50-ml container.

{6192} The transported cell therapy product can be thawed as described herein

followed by administration to a patient in need thereof. In some embodiments, the cel
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therapy product 1s thawed at the patient’s bedside. In some embodiments, the cell therapy
produet is not washed prior to administration into a patient in need thereof. In some
embodiments, the thawed cells are adnunister uifo a patient in need thercof within about 30
minuies and 2 hours from thawing the cells. In some embodiments, the rate of infusion into a

subject is between about 2-3 minutes.

{6193} In some embodiments, the transported cell therapy product remains frozen for
further storage at the different location. In some embodiments, the thawed cells is introduced
mto a subject in need thereof without separating the cells and the crvopreservation solution.
Thus, in some embodiments, the thawed cells are not washed prior to use. The thawed cells
and accompanying cryvopreservation solution is preferably warmed to body temperature (e,
about 37° () prior to introduction into the subject. In such situation, the dose of the cells i
based on the pre-freeze cell count.

{6194} In some embodiments, thawed cells are further cultured. Tn some
embodiments, caltoring involves placing the cells in an incubator; removing the baffer
solution; and replacing the buffer solution with a culture medium designed for the growth
and/or differentiation of cells. In some embodiments, the cells are incubated in the incubator
for between about 6 to 7 hours. In some embodiments, the cultire medivm designed for the
growth and/or differentiation of cells comprises Kubota's medium and/or a hormonally

defined meduna (HBM) for the differentiation of cells.

{8195} Viability of thawed cells can be assessed in virre as well as i vivo using
various 1oethods known in the art. In some embodiments, the i vitro cell viability tests
mnchudes the Trypan Blue exclusion assay. In some embodiments, other analytical methods
can be used to assess the cell viability of thawed cells that had been frozen with the different
cryopreservation medinm, for example, gene expression, through the use of RT-gPCR and
the like. A person of ordinary skill in the art can opt for any analytical method to assess the
viability of thawed cells that can be applied to assess the cell viability of otherwise fresh
cells.

{$+196] Viability of cells in vivo, in general, can be assessed by evaluating the
functional characteristics of administered cclis in vive. In some embodiments, the i vive
viability of cells can be assessed by evaluating the cell number of the cells that have been
introduced 1oto a subject in need. Various methods are known in the art for tracing cells and

determining viability of admunistered cells.
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{6197] The cryvopreserved and thawed cells using the eryopreservation media
described herein allows for using the cells for any purpose that a primary cell or fresh cell
isolate can have. The cryopreserved and thawed cells retain high viability (e.g., greater than
70%, 75%, 80%, 85%, 90%, 95%, or greater than 95%;) and retain physiclogical
characteristics of their native state, which allows the cells to be used for 3 varety of
applications, such as for genetic manipulation of the cells, and for cell therapy purposes such

as, for example, in adoptive cell therapy applications.

Sequences disclosed herein:

Anti-CD19 Light chain variable fragment, Vi
DIOMTQTTSSLSASLGDRVTISCRASOQDISKYELNWY QQKPDGTVEKLLIYHTSRLHSGY
PSRFESGSGSGTDYSLTISNLEQEDIATYFCQOGNTLPYTFGGGTKLELKR (SEQ ID
NGO 1

Anti-CD Y Heavy chain variable fragment, VH:
EVQLGQSGPGLVAPSQSLSVTCTYSGVSLPDYGVSWIRQPPRKGLEWLGVIWGSETT
YYNSALKSRLTHKDNSKSQVFLKMNSLOTDDTAIY YCAKHYYYGGSYAMBYWGQ
GTTVTVSSYVTVSSQDPA (SEG ID NOG: 2)

{D28:
FWVLVVVGOVLACYSLLVTVAFIFWVYRSKRSRLLHSDYMNMTPRRPGPTREKHY QP
YAPPRDFAAYRS {(SE( ID NG: 33

CD3G:

RVKFSRSADAPAYQQGONQLYNELNLGRREEY DVLDKRRGRDPEMGGKPRRKNP(
EGLYNELOQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQAL
PPRGP (SEQ ID NO: 4

EXAMPLES

[01198] Other features, objects, and advantages of the present invention are apparent in
the examples that follow. It should be understood, however, that the examples, while

indicating embodiments of the present invention, are given by way of illustration only, not
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himitation. Various changes and modifications within the scope of the invention will become

apparent to those skilled in the art from the examples.

(199} The NK cells used n these examples comprise anti-CD 9 CAR, TL-15 and
Waspase®. However, it should be noted that NK cells comprising other transgenes can also be

used with these methods.

[0264] The CAR-NK cells used in these examples were cord blood unit-denved NK
cells that were transduced with genes encoding a tumor targeting CD19-CAR

QCYCAR IY/ILLS, as Leukenua 32 (2018)520-531, ncorporated herein by referonce in is
entirety}, e.g., NK-CAR cells transduced with a nucleic acid molecule encoding an anti-CD-
19 binding domain light chain variable region comprising the amino acid sequence set forth
in SEG 1D NO: 1 and/or encoding an anti-CD19 binding domain heavy chain variable region

comprising the aminoe acid sequence set forth 1o SEQ ID NG: 2.

Example I: Scale-up of Cryopreservation of mammalian cells in 50 mi container.

{0201} ‘This Example shows frecze profile of mammalian cells using a 120 min freeze
SequUence.
[6202] First, 45 ml of cryopreservation medium withowt cells (control} were filled

mto a 30 ml AT vial | comprising 30% RPMI, 5% DMSO, 20% of 25% Human Seram
Albumin, 10% Dextran in NaCl, The temperatore of the vial was reduced t0 4°Cina
CryoMed 5474 controlled freezing equipment. The amount of beat cmitted by the contonts of
the AT-vial was measured by measuring solution temperature. To begin the process of
cryopreservation, the temperature was lowered to -4°C at a rate of 1°C per minute. Next, the
temperature was reduced to -45°C rapidly, at a rate of 20°C per minute. Next, the temperature
was jucreased to -10°C rapidly, at a rate of 10°C per nuoute. Next, the temperature was
reduced to -26°C rapidly, at a rate of 6.5°C per munute. Finally, the temperature was reduced

3 -80 °C slowly by reducing temperature at a rate of 1°C per minute.

j02083} It was observed that the amount of heat released by the contents of the sohition
remained at -1°C for greater than 35 min with the freeze sequence, suggesting high chance of
ice melting and slow ice formation. Further, the temperature of the contents of the vial were

different from the temperature of the surrounding, also giving raise to high probability of
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non-uniform ice formation. FIG. 2 shows the freeze-profile of crvopreservation medium

frozen using the above mentioned freeze sequence.
Example 2: Optimized Cryopreservation of mapmmalion cells in 56 mi container.

[0204] This Example shows a method of cryopreservation of mammalian cells ina 50
ml container, such as 30 ml AT vials, such that the impact of latent heat of fusion is
minimized.

[0285] First, 36 ml of CAR-NK cells were fornmulated tn a media comprising 40%
PLASMA-LYTE A +10% HS5A+30% CS10 at a concentration of 110 million cells per mL
and then filled into 3 30 ml AT vial. The temperature of the vial was reducedto 4°Cina
controlled rate freezing device. For these experiments the CryvoMed 5474 controlled rate
freezing device was used. To begin the process of cryopreservation, the temperature was
lowered to -2°C at a rate of 1°C per minute. The imterior temperature of the vial and the
contents were allowed to equilibrate at -2°C for 3 mimutes. The process of nucleation of ice
was indaced by reducing the temperature to -60°C rapidly at a rate of 25°C per nunute. The
mierior of the vial and the contents of the vial were allowed to equilibrate at -60°C for 1
minuie to absorb latent heat of fusion due to initiation of ice formation to maintain cell
suspension temperatore below freezing pomnt to avoid ice re-melting. To avoid expedited
extracellular ice formation resulting m undesivable intracellular ice fonmation, the
temperature was raised to -30°C at a rate of 10°C per minute to enable a continuous smooth
temperature drop to enable gradual extracellular ice formation while mtracellular water
continued to osmotically move out. The temperature was held at -30°C to allow uniform
freezing of cells. Finally, the temperature was lowered to ~40°C at a rate of 1°C per minute.
The contents of the cells were equilibrated at ~40 °C for S minutes to maximize extraceltular
ice formation. The teraperature was lowered to the final temperature of -806°C, at a rate of
10°C per minute to enable any residual extracellular ice formation. The amount of heat
released by the samples and chamber temperature and system temperatures were plotted as a

function of time. FIG. 3 shows the freezing profile of CAR-NK cells.

[0266} ft was observed that the amount of heat released by the contents of the cols
remained nearly constant throughout the freezing protocol, suggesting significant reduction in

the latent heat of fusion. Further, the time taken for the thawing sequence less than 1 hour. .

Example 3: Cryopreservation of mammalian cefls in multiple 50 mi containers.
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[62687] This Example shows a method of ervopreservation of mammalian cells
{c.g.cclls suitable for cell therapy) in five 30 ml containers, such as 50 ml AT vials, arranged

at four comers and center, such that the irapact of latent heat of fusion was minimized.

(0208} First, five containers comprising 45 mi of iCAR-T cells in an appropriate
cryopreservation suspension medium were provided containing celfs at a concentration of 80
million cells/ml in a 50 md AT vial. The temperature of the vial was reduced to 4°Cina
CryoMed 5474 controlled freezing equipment. o begin the process of eryopreservation, the
emiperature was lowered to -2°C at a rate of 1°C per minute. The interior teraperature of the
vial and the contents were allowed to cquilibrate at -2°C for 3 minutes. The process of
nucleation of ice was started by reducing the temperature to ~60°C rapidly at a rate of 25°C
per minute. The interior of the vial and the contents of the vial were allowed to equilibrate at
~607C for | minute to absorb latent heat of fusion due to mmitiation of ice formation o
maintain cell suspension temperature below freezing point to avoid ice re-melting. To avoid
expedited extracellular ice formation resulting m undesirable intracellular ice formation, the
temperature was raised to -30°C at a rate of 10°C per nunuic to enable a continnous smooth
temperature drop to cnable gradual extracellular ice formation while intracellular water
continued to osmotically move ocut. The temperature was held at -30°C (o allow uniform
freezing of cells. Finally, the temperature was lowered 1o ~40°C at a rate of 1°C per minute.
The contents of the cells were equilibrated at ~40 °C for 5 munutes to maximize extracelinlar
ice formation. The temperature was lowered to the final temperature of -80°C, at a rate of
10°C per minute to enable any residual extracellular ice formation. The amount of heat
released by the samples and chamber tomperature and system temperatures were plotied as a
function of time. FIG. 4 shows the freczing profile of five 45 ml suspensions of CAR-NK
cells.

[0269] It was observed that the amount of heat released by the contents of all five 45
mi cell suspension remained nearly constant throughout the freezing protocol, suggesting
significant reduction of impact of latent heat of fusion created by oxtracellular ice formation.
Further, use of mwitiple chambers suggested that the freezing protocol can be scaled up for

large quantities of mammalian cell suspensions.

Example 4: Thawing cryopreserved mammadian cells.
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{62104 This Example shows a method of thawing mammalian cells stored at liquid
nitrogen temperatures {~196°C) to reduce lethal ice recrystallization. The viability of thawed

cells were measured.

[0211] CART cells at cell densities of 80 million colis per mi, and 120 cells/md taken
in three different vohumes, 16, 30 and 45 mL, in S0 md AT vials, were mitially cryvopreserved
using a method to reduce latent heat of fusion and frozen in 50 mL filled to in AT vials, and
stored at ~-196°C. The cells stored at -196°C were thawed by placing the AT vials in orbital
shaker water bath (Benchmark SBL-12} set at 60°C, and at rotational speed of 120 rpm for ap
to 600 seconds. The temperature of the cell sample was measured. FIG. 5A and FIG. 5B
show the increase i temperature of the cell sample with time during the thaw of 50 md AT

vials comprising 16, 30 and 45 mi of cells.

[0212] The viability of thawed cells were assessed. FIG, 6 shows the viability of 80
million cells per mi, and 120 million cells per mil thawed as described. Tt was observed that
the all cells possessed greater than 959 viability, indicating that this method was successful
in prevention of induction of lethal ice recrystallization.

Example 5: In vitro efficacy of Freezing and Thawing CAR-NK cells.

[6213] This example shows the efficacy of freczing and thawing mammalian CAR-
NK cells 1 50 ml AT vials as compared to 2 mL AT vials or 2 md cryovials, when the

mammalian cells were frozen in a method to minumize latent heat of fusion.

[0214) First, 45 mL, 30mL and 10 mL of CAR-NK cells were taken i 50 mL AT
vials at the coneentration of 80 mullion and 120 million cells per mL. Next, | mL of CAR-NK
cells were provided in 2 mL AT vials at 80 million and 120 million cells per mL orin 2 mL
cryvovials at concentration of 10 mullion cells per mE as control. All cells were suspended, in
a cryopreservation suspension raedium, comprising 40% PLASMA-LYTE A, 50% CS19,

109 Human Serum Albunun.

[0215] The CAR-NK celis filled into 50 moL. and 2 mL AT vials were frozen as
follows: the teraperature of the vial was reduced to 4°C and n a CrvoMed 5474 controlled
freezing equipment. To begin the process of cryopreservation, the tomperature was lowered
to ~2°C at a rate of 1°C per minute. The mterior teruperature of the vial and the contents were
atllowed to equilibrate at -2°C for 3 nunutes. The process of nucleation of ice was started by
reducing the temperature to -60°C rapidly at a rate of 23°C per minute. The mterior of the

vial and the contents of the vial were allowed to equilibrate at -60°C for 1 minute to absorb
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latent heat of fusion due to mitiation of ice formation to maintain cell suspension temperature
below freezing point to avoid iee re~-melting. To avoid expedited extracellular ice formation
resulting in undesirable miracellular ice formation, the temperature was raised to -30°C at a
rate of 10°C per minute o enable a continuous smooth temperature drop to enable gradual
extracellular ice formation while intracellular water continued to osmotically move out. The
temperature was held at -30°C to allow uniform freezing of cells. Finally, the tomperature
was lowered to -40°C at a rate of 1°C per minute. The covntents of the cells were equilibrated
at -40 °C for 3 minuies to maximize extracellidar tce formation. The temperatire was
lowered to the final temperature of -80°C, at a rate of 10°C per minute to cnable any residual
extracellular ice formation. The CAR-NK cells in 2 mL cryovials were divided mto two
groups, one group were frozen using the benchmark program as frozen control and one group

cultored in culture medium as fresh control.

[0216] The frozen cells were stored in the vapor phase of liquid nirogen tank {<-
140°C) before thawing. The 530 mL and 2 mL AT vials were thawed by placing the AT wials
in orbital shaker water bath {Benchmark SBL-12) set at 60°C, and at rotational speed of 130
rpm for up to 600 seconds. The cells frozen in 2 ml cryovials, were thawed at 37 °C in orbital
shaker water bath (Benchmark SBL-12) set at 37°C, and at rotational speed of 150 rpm forup

to 600 seconds

j0217] The viability of cells was measured. The functionality of the cells were tested
by measuring the percent killing of the CAR-NK cells at different E: T ratics. A 101 ratio of
E:T was deemed as the best ratio for killing fimetion comparison. Table 1 shows the viability
and functional assays of CAR-NK cells. It was observed that greater than 93% of cells were
viable as measured by measunng the mumber of stained dead cells and viable cells.
Farthermore, it was observed the cells in 50 mL vials using the freeze and thaw sequence
described herein demonstrated comparable viability, as the fresh cells and the cells with
benchmark freeze and thaw method m their kitling fimetion (FIG. 7A). Further, the CAR-NK
cells tn 30 mL vials using the freeze and thaw sequence described hercin demonstrated
comparable immunophenotypes (Table 2) and fresh cells. FIG, 7A shows the percentage of
kithing by the CAR-NK cells as a function of E:T ratio. Table 2 shows the preservation of

immunophenotypes i CAR-NK cells frozen and thawed.

[6218] Fable I: In vitro functional data, killing and viability of CAR-NK cells

Jrozen and thawed in 50 mi containers versus 2 mi vials.
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Sample g;r;iainer giﬂccn tration. Eii}vci Z\E?S?;g 1@ Frozen/Fresh*Viability
i 30ml AT 120 M/mi 16 87.2 1.04 938
2 30ml AT 120 M/mi 30 86.6 1.03 93.9
3 30ml AT 120 M/mi 43 86.9 1.03 938
4 2 mlL AT 120 M/mL 1.0 0.7 3,93 937
5 SO0 ml AT 80 M/ml 16 872 1.04 949
6 30 ml AT 80 M/mi 30 877 1.04 94.5
7 30 ml AT 80 M/ml 45 86.5 1.03 941
8 Iml AT 80 M/mL 1.0 82.7 (.98 939

Frosh Cells 84.0 1.00 98.4

Frozen cells 2 mL crvovial]  1GM/mL Pl 84.0 1.00 98.7

*Note the Frozen/Fresh column values was obtained from normalizing the % killing of

Frozen vs Fresh NK cells obtained from: the same patient
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Fable 2. Shows preservation of immunophenotypes in CAR-NK ceils frozen and thawed in 50 ml vials nsaing the freeze and thaw

method descrbed herein
CAR- [CAR-NKICAR-NK .\ o o ICAR-NKCAB-NKICAR-NIGL o vl n ade oo
Bateh NK-1 -2 -3 -8 -6 -7
Reportable . ottt -4 -8 -G -1
Marker Analytics Statistic
S Bescription I6mi | 3¢mbi | 45mb ) I6mi | 3¢mi | 45SmL ) - .
P P s 1 mi Al il an P 1wl fill] UTH Fresh
CD36- CD36-
CDASHCDITHEITCHAPCHiGrandparent  0.00 .00 .01 0.00 .00 4.00 0.00 0.00 0.00 {3.00
CD36+(PE-
CD36+HCD3- CyT-3 Parent 97.84 97.90 9831 97.51 97.10 98.03 9806 25.96 98.08 98.14
D3+ (PE-Cy7+} Parent 0.03 4.07 (.01 812 3.0% 4.07 4.06 0.30 603 .05
TFab'y2 +{(NK-
CAR) F{ab2 Grandpaentt  50.64 49,07 5048 48.24 30,50 53,19 51.28 48.60 153 47.93
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Example 6: In vive efficacy of Freezing and Thawing of CAR-NK cells.

[0219] This example shows the in vive efficacy of freezing and thawing mammalian
CAR-NK cells in 50 mL AT vials as compared to 2 mL AT vials or 2 ml generic cryovials, when
the mammalian cells were frozen in a method to minimize latent heat of fusion. AT cryovials are

propriety cryovials that have specialized container closure technology.

[02261 First, 35 ml of CAR-NK cells were frozen in 50 ml AT vials at a concentration of
80 million cells per mi. The temperature of the vial was reduced to 4°C a tn a UryoMed 5474
controiled freezing equipment. To begin the process of eryopreservation, the temperature was
fowered to -2°C at a rate of 1°C per nunute. The interior temperature of the vial and the contents
were allowed to equilibrate at -2°C for 3 mimutes. The process of nucleation of ice was started by
reducing the temperature to -60°C rapidly at a rate of 25°C per mimnute. The nterior of the vial
and the contents of the vial were allowed to equilibrate at -60°C for 1 minute to absorb latent
heat of fusion due to intiation of ice formation to mamntain cell suspension temperature below
freezing point to avoid we re-roelting. To avoid expedited extracellular ice formation resulting
m undesirable mtracetiular 1ce formation, the temperature was raised to -30°C at a rate of 10°C
per minute to enable a continuous smooth temperature drop to enable gradual extraceliular e
formation while intracellular water continued to osmotically move out. The temperature was held
at ~30°C to allow uniform freezing of cells. Finally, the teroperature was lowered to -40°C at a
rate of 1°C per minute. The contents of the cells were equilibrated at ~40 °C for 5 minutes to
maximize extracellular ice formation. The temperature was lowered to the final temperature of -
80°C, at a rate of 10°C per minute to enable any residual extracellular ice formation. Upon
completion of freezing, the frozen vials were stored in vapor phase of liquid nitrogen tank. Table

3 shows the components of the cryopreservation medium.

Table 3: Exemplary components of cryopreservation medium.

Components Vendor
PLASMA-LYTE A Baxter
25% HSA Shire

CrvoStor® CS10 BioLife Solutions
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Trehalose 1. T Baker

[0221] The cryopreserved cells were thawed by placing the AT vials in an orbital shaker
water bath (Benchmark SBL-12) set at 60°C, and at rotational speed of 150 rpm for up to 600

seconds.

{6222} Frozen and thawed CAR-NK were tested for both in vifro viability, killing and
mmmunophenotypes. Further, the CAR-NK cells were injected mto female NOD SCID Gamma
{(NSG) mice bearing luciferase expressing Raj huroan burkitt’s lvmphoma (Raj B.luc)
xenografts. The NSG mice, female, 12-week-old were sourced from The Jackson Laboratory.
The in vivo efficacy of freeze and thaw protocol m CAR-NK cells was measured by evaluating
thetr @ vivo kill efficacy in NOD/Shi-seid, TL-2R gamma null smmunodeficient mice ("NSG
mice”). Natural killing (NK} cell activation is an antigen-dependent process leading to

proliferation and persistent of NK cells into effector cells. PBS was used as negative control.

16223} The in vivo efficacy of CAR-NK cells were tested in female NOD SCID Gamma
{(NSG) mice bearing luciferase expressing Raji human burkut’s lvmphoma (Raji B luc)
xenografts. One day before treatment (I minus 1) female NSG muce were randomized into
groups with each group of 5 mice according to body weight and then recerved 1.5 Gray (1.5 Gy)
of whole body irradiation. On Day 0, mice were co-administrated with 2x10* bioluminescent
Rajt B luc tumor cells and treatment via intravenous injection via tail vein. /s vivo, fuciferin was
adnunistered to the mice and whole body ventral images were captured nine minutes after
substrate mjection. Luciferase activity was measured in live mice using IVIS® Spectrum CT
imaging system (PerkanElmer) post treatment. Un the day of imaging, mice received fuciferin
substrate (150 mg/kg total; IP) injection and were placed in anesthesia induction chamber (2.5~
3.5% isoflurane in oxygen}. Upon sedation, mice were positioned in the imaging chamber for

image acquisition nine ninutes onwards post luciferin substrate injection.

|8224] FIG. 8 shows a graph of in vitro kalling percent at different E:T ratios for the post
thawing cells in 50 mb AT vials and 2 mL AT vials at both 6 muillion and 80 million cells in two
cryopreservation medium, 40% PLASMA-LYTE A, 10% HSA, 50% (810 with or without 30
mM trehalose. It was observed that frozen cells in 50 mi AT vials showed comparable killing
function (FIG, 8). Table 4 summarizes the percent killing at 10:1 ratio of E:T and the percentage

viability and recovery of CAR-NK cells frozen and thawed using the sequence described herein.
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It was observed that CAR-NK cells in 50 ml AT vials showed high and comparable viability
{=97.0%] as the CAR-NK cells frozen in 2 ml AT vials. Table 5 summarizes the preservation of
phenotypes in CAR-NK cells frozen in 50 mi vials versus 2 mi vials. It was gbserved that the
immune phenotypes were preserved o the same degree in CAR-NK which were frozen in 50-mi

AT vials as compared to CAR-NK cells frozen in 2 mi AT vials.

[8225] F1G. 9 further tllustrates the in vive efficacy of CAR-NK cells 36 days post-
administration of CAR-NK celis. Three-different CAR-NK cells {e.g., obtained from different
donors) were tested for in vivo efficacy. Two different formulations were used in these studies:
13 40% PLASMA-LYTE A, 10% HSA 50% CS10 (T6); and 2} 40% PLASMA-LYTE A, 10%
HSA, 50% 810, 30 mM Trehalose (T6T). The negative control mice were injected with media
with cells (vehicle). It was observed that mice injected with NK-CAR cells showed less intense
fuctferase expression day 13/14 and day 20/21 (FI1G. 9G-FIG, 91). The total flux of luciferase
fluorescence as a function of the time are shown in FEG. 9D~ FIG. 9F. FIG, 2A-FIG, 98 show
the percent survival of mice as a function of days after treatment. It was observed that mice
iyected with fresh CAR-NK cells and CAR-NK cells which were frozen and thawed according

to the sequence described berein, showed comparable survival,

S8
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Table 4. Sununary of percent viability, recovery and percent kithag of CAR-NK cells in SO AT vials ag

compared to 2 mi AT vials

o Bt iy (8
Sample Container Celt cone.  [Fiff vol (mi) Formulation fi,;_ligi@ Viability {%9) {% of Recovery
50 mb AT
A/ 35
CAR-NK-1 vial 6 MimL. = 93.01 97.3 100.2
FRLAT | oness 40% PLASMA-LYTE
e ' 89 M/mL 1 ey o -
CAR-NK -2 vial A, 10% HSA, S0%C510 92.77 97.2 047
2wk AT
& M/l o -
CAR-NK -3 vial 6 Mind ! 8976 9.6 109.5
50 tal AT e
. A 38
CAR-NK -4 vial 6 M/ml. 33 92.17 977 106.5
. 40% PLASMA-LYTE
2mi AT o DA T o/ 3090
CARNK -5 vial 80 Ml ' A W% HSA, 50% 977 976 976
©510, 30 mM Trehalose
2mb AT o NI
CAR-NK -6 vial 6 M/l ' 91,69 983 10691
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(6227} Table 5. Sununary of irnnuaophenotype in CAR-NK cells
Reportable Batch Analytics § ineags CAR-NK -DP- [CAR-NK -DP- |CAR-NK -DP- {CAR-NK -DF- iCAR-NK -DP- {CAR-NK -D¥F-
Matker Drescription eage FEOmAT) RO AT BO2wlAT) dG0wml AT S 2wl ATY 6 Q2 mlAT)
D56~ CD56-
CD48+CD32+ (FITCHAPCH Graudparent 0.60 6.00 0.00 0.00 (.00 5.00
CRS6HPE-CyT7-
CD36+CH3- )] Parent 99,35 99.54 99.55 99.57 89.59 9956
3+ (PE-LCy7+) Parent 6.09 0.07 0.11 0.12 0.12 612
Flab )2 HNK-
CAR)+ {ab")2 Grandparent 72.45 7282 72.28 7298 72.55 73.1%

40% PLASMA-LYTE A, 10% HSA,

30%CH10

40% PLASMA-LYTE A, 16% HSA, 30%
C8i0, 30 mM Trehalose

73
&
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Example 7: Treating Subject in Need with CAR-NK cells — frozen, shipped, thawed,
adnsinistered with vial

10228} This examples describes freezing, thawing and exemplary use of engineered
CAR-NK cells as described herein. The exemplary use described in this example is the
freezing, thawing and the administration of CAR NK cell to a cancer patient, such as a patient

who has diffuse large B-cell lymphoma.

0229} CAR-NK cells comprising CD19, IL-15 and 1Caspase are suspended ina
cryopreservation medium comprising human serom albumin (HSA), PLASMA-LYTE A,
trehalose and CS16. The CAR-NK cells are frozen at a concentration of 6 M/mb t0 25 M/mL in
50 mL cryovials at a fill sample fill volume of about 36 mL. One such eryovial can contain
between 2 to 4 doses for a patient in need. The CAR-NK cells are frozen using the following
freezing program comprising: {a} placing the sample at a first temperature above the freezing
temperature of the sample; (b) reducing the first teraperature to a second temperature at a first
controlled rate, where the second temperature is at least 2°C lower than the first temperature; (¢}
reducing the second temperature to a third temperature at a second controlled rate, where the
third temperature is at least 40°C lower than the second temperature; {d} increasing the third
temperature to a fourth temperature at a third controlled rate, where the fourth temperature 1s at
{east 20°C higher than the third temperature; () reducing the fourth temperature to a fifth
temperature at a fourth controlled rate, where the fifth temperature 15 at least 10°C lower than the
fourth temperature; and {f) reducing the fifth temperature to the final temperature at a fifth
controlled rate, where the final temperature s less than or equal to -80°C. Typically, the entire

freezing process takes less than about 1 hour,

[8238] Onee the cells are frozen, the sample 1 stored at a temperature of -140°C or
below. Such temperatures can be achieved n various manners, such as placement of the sample
m bguid nitrogen vapor phase. The frozen can remain n storage stored at a temperature of -
140°C or below until needed for use. The time the cells can remain in storage for T week, 2

weeks, 1 month, 6 months, 1 vear, 2 vears, 5 years, 10 years or more.

{0231} Once the cells are needed for use, such as for example, for use m allogeneic cell
therapy, the cells are transported from cryostorage to a hospital or other location 1 which a

patient awatts transplant with the cells in a cryoshipper. During the shipping process, the cells

S92
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are maintained at a temperature of -140°C or below unti then reach the hospital or other location
{e.g., point of care}. Once at the location, the cells are then thawed. The cells can be thawed as
follows: heating a container comprising the cryopreserved engineered immune celis to a
temperature of between 37°C and 70°C; and agitating the cells at a speed of between about 100
and about 250 RPM for a suitable period of time untif the cells are thawed. The heating can be
done, for example, at a temperature of between 60°Cand 653°C while agitating the sample of cells
at a speed at between 100 and 125 RPM. The heating can either be performed using a water bath

or using a dry heating device. Typically, the entire timne to thaw the cells is about 10 munutes.

18232} Thawing of the 50 mL cryovial can be performed at patient’s bedside or other
nearby location for easy access to the patient who will receive the cells. Once the sample is
thawed, the total volume of the sample will be between about 34 to 36 mL. Up to about 34 mL
of the thawed sample 1s administered into a patient using a vial adapter for aseptic

administration. One thawed sample may contain multiple doses.
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EQUIVALENTS AND SCOPE

[0233] Those skilied in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
described herein. The scope of the present invention 15 not intended to be limited to the above

description, but rather is as set forth in the following claims:
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We claim:

1. A large-scale method of cryopreserving immuone cells, the method comprising:

{a} providing a container comprising a sample comprising immune cells suspended i a
cryopreservation medium, whereimn the sample volume 15 at least 5 percent less than the

full capacity volume of the container, and wherein the sample volume is at least 10 ml;

(b} cooling the container from a temperature above freszing temperature of the sample to a
temperature of about or below -80°C 1n a multi-siep process at a controlled rate to

minimize latent heat of fusion;

{¢} storing the cells in liquid nitrogen vapor phase, thereby cryopreserving the immmune cells.

2. The method of claim 1, wherein the controlled rate to munumize latent heat of fusion
comprises two or more steps of reducing the temperature at 3 rate between 0.75°C per minute o

30°C per minute, to a final temperatare of -80°C or below.

3. The method of any one of claims 1-2, wherein the total time for achieving
cryopreservation of the mmmune cells 1s less than 120 minutes, less than 110 minutes, less than
100 munutes, less than 90 minutes, less than 80 minutes, less than 70 minutes or less than 60

minutes.

4. The method of any one of the preceding claims, wherein the immune cells are freshly

isolated or at least once-frozen and thawed.

5. The method of claim 1, wherein the immune cells are naturally occurring or engineered
natural killer (NK) cells, alpha beta T cells, gamma delta T cells, induced pluripotent stem cells
{iPSCs), 1PSC derived T or NK cells, regulatory T cells (Tregs), hematopoietic stem cells

(HSCs}, mesenchymal stromal cells (MSCs), dendritic cells, macrophages or B cells.
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6. The method of claim 1, wherein the immune cells are cord blood derived NK cells

engineered with a chimeric antigen recepior {CAR).

7. The method of claim 1, wherein the full capacity volume of container is about 50 mi.
8. The method of claim 1, wherein the full capacity volume of container is about 50 mi and

the sample volume 1s less than 40 mlL

9. The method of claim &, wherein the sample volume is about 10 mi, about 15 mi, about 20
ml, about 25 mi, about 30 mi, about 31 ml, about 32 mi, about 33 mi, about 34 ml, about 35 mi,
about 36 mi, about 37 mi, about 38 ml, about 39 mi, about 40 mi, about 41 ml, about 42 ml,

about 43 mli, about 44 ml or about 45ml.

10. The method of any one of claims 1-9, wherein the container is a cryovial or a cryobag.
11 The method of claim 10, wherein the container s a cryovial.
12. The method of claim 11, wherein the cryovial has an interior dimension of between 10

mm and 18 mm.

13. The method of claim 12, wherein the cryovial has an external dimension of about 13.5

mim.

14. The method of claim 11, wherein the cryovial has a height of between about 40 mm and

50 mm.

15. The method of claim 14, wherein the cryovial has a height of about 48.3 mm.



WO 2022/173867 PCT/US2022/015870

16. The method of any one of claims 1-15 wherein the container 1s resistant to DMSQO.

17. The method of any one of the preceding claims, wherein the immune cells are present at

concentration of between about 6 and 120 million cells per mi.

18, The method of any one of the preceding claims, wherein the cryopreservation medium
comprises cryoprotectant, an albumin, a disaccharide and a non-pyrogenic and ssotonic

crysiatloid solution

19, The method of any one of claims 1-18, wherein the cryopreservation medium comprises
human serum albumin (HSA), sodiom chloride, sodium gluconate, sodium acetate trihydrate,

potassium chloride, magnesium chloride, dimethy! suifoxide (BMSQ), and a trehalose

20. A large-scale method of thawing cryopreserved immune cells, the method comprising:

(a) heating a water bath to a temperature rangmng from 37°C and 70°C;

{b) transferring a confainer comprising cryopreserved immune cells according to claim 1 into
the pre-heated water bath; and

{¢} agiating the contamner at a speed of between about 100 and about 250 RPM for a suitable

period of time, thereby to obtain thawed immune celis.

21. The method of claim 20, wherein the suitable period of time is between 5-15 minutes.

22. The method of claim 21, wherein the suitable pertod of time 18 for about 10 mmnutes.

23, The method of claim 20, wherein the agitating occurs i an orbital-shaker water bath.
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24, The method of claim 23, wherein agitating the cells in the orbital-shaker water bath s ata

speed of about 120-150 RPM.

25, The method of 23, wherein the orbital-shaker water bath has a temperature of about 50°C,

5590, 60°C, 65°C, 70°C, or 75°C.

26. The method of claim 23, wherein the orbital-shaker water bath has a temperature of about
60°C.,
27. The method of claim 20, wherein the container has a full capacity volume of about 50 mL

and a sample volume between about 8 mi and 45 ml.,

28. The method of claim 20, wherein the immune cells are naturally occurring or engineered
natural killer (NK) cells, alpha beta T cells, gamma delta T cells, mduced phuripotent stem cells
(iPSC) denived NK or T cells, regulatory T cells {Tregs), macrophages, dendritic cells,

hematopotetic ster cells (HSCs), mesenchymal stromal cells (MSCs), or B cells.

29, The method of claim 20, wherein the cryopreserved immune cells are NK cells or T cells

engineered to comprise a chimeric antigen receptor (CAR).

30. The method of claim 20, wherein the thawed ummune cells have a post-thaw viability of

90%, 95%, 97% or more.

31 The method of claim 20, wherein the thawed immune cells retain in vitro and/or in vivo

function similar to that of freshly isolated immune celis.
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32. The method of claim 20, further comprising the step of administering the thawed immune

cells to a subject in need thereof.

33. A method of changing temperature of a sample containing immune cells from a first
temperature above the freezing temperature of the sample to a final temperature of less than or
equal to -80°C, thereby cryvopreserving the sample at the final temperature, the method comprises

the steps of:
{a} placing the sample at a first temperature above the freezing temperature of the sample;

(b} reducing the first temperature to a second temperature at a first controlled rate, where the

second temperaiure is at least 2°C less than the first temperature;

(¢} reducing the second temperature to a third temperature at a second controlied rate, where

the third temperature is at least 40°C less than the second temperature;

(d} increasing the third temperature to a fourth temperature at a third controlled rate, where

the fourth temperature is at least 20°C more than the third temperature;

(e} reducing the fourth temperature to a fifth temperature at a fourth controlled rate, where

the fifth temperature is at least 10°C less than the fourth temperature; and

(fy reducing the fifth temperature to the final temperature at a fifth controlled rate, where the

final temperature is less than or equal to -80°C.

34. The method of claim 33, wherein the first temperature is about 4°C to 1°C.

35. The method of claim 33, wherein the first controiled rate is between about 0.75°C and

1.25°C per minute.

36. The method of claim 33, wherein the second temperature is about -2°C.

37. The method of claim 33, wherein the second controlled rate is between about 20°C and

30°C per minute.

65



WO 2022/173867 PCT/US2022/015870

38. The method of claim 33, wherein the third temperature is about -60°C.

39. The method of claim 33, wherein the third controlled rate is between about 5°C and 15°C

per minute.

40, The methad of claim 33, wherein the fourth temperature is about -25°C.

41, The method of claim 33, wherein the fourth controlled rate is between 0.75°C and 1.25°C

per minute.

42, The method of claim 33, wherein the firth temperature 15 about -40°C,

43. The method of claim 33, wherein the fifth controlled rate 1s between 7°C and 15°C per
munute,

44, The roethod of claim 33, wherein final temperature is less than or equal to ~-80°C.

48, A method comprising crvopreserving engineered vmmune cells suitable for cell therapy,

the method corprising (1) providing a container comprising a sample comprising mmune cells
suspended in a cryopreservation medium, wherein sample volume 1s at least S percent less than
the full capacity volume of the container, wherein the sample volume 15 at feast 10 mL; and (2}
stepwise freezing a population of engineered immune cells at a controlled rate to mmimize
mapact of latent heat of fusion, where the stepwise freezing comprises cooling the cells at a rate
of between 0.75°C per minute to 30°C minute to a final temp of -80 or below, thereby to

cryopreserving the cells,



