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(57) Abstract: This invention details a cryo-
protectant and the methods to prepare biolo-
gical tissue and related business methods and
systems.
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COMPOSITIONS AND METHODS FOR COLLECTING, WASHING,
CRYOPRESERVING, RECOVERING AND RETURN OF LIPOASPIRATES TO
PHYSICIAN FOR AUTOLOGOUS ADIPOSE TRANSFER PROCEDLURES

FIELD OF THE INVENTION

{0001} The mvention is directed to method for collecting, washing, crvopreserving,
recovering, and yetwn of {ipoaspirates to physicians for autologous adipose Hssue transfer
procedures in patients.
BACUKGROUND OF THE INVENTHON

190021 There st exists today the need for 3 method Bor crvopreserving aspirated adipose
tssue i a form soitable for refngection o 8 patient upon thawmg, While phvsicians have been
performmg autologous adipose tissue tansfer procedures for decades, the procedures are not
standardized, and results are often sub-optimal, This resulty in the need for repsat procedures,

and physicians sometimes froeze excess liposspirate for subsequent pse, However, without

cryoprotectants and proper storsge processes and temperatares, the viabilite of soch tissee is lost
{Ladagoster ef of, 2000, Ullwan e o, 2008 Moscatello ef of | 2008, Woltsr st | 20031 While

3 rumiber of eryopreservation solutions gad methods have been tested for freezing adipose tissue,
.. dimethybulionade (DMSO} sad fetal bovine serum (FBI), none have used reagenis suttabls
for dect chintcal nse in wvans (Po e of 2007, Cat er of,, 2007, Pu e od., 2010}
BRIEF SUMMARY OF THE INVENTION

{003 In o frst embodiment, the vention i directed to 8 cryoprotesiant solotion for
cryopreserving biclopical tissue essentially of g polvoel and a crvstallond,

19004} {u another embodiment, the ovention is dirscted 10 8 system for oryopraserving
Liologieal tasue mncluding a crvoprotectant sohution which does not canse leaching from a plastic

based contamers and a plastic based container.
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[8685] In another embodiment, the invention is directed 1o 3 vuthod for collecting,

et

washing, cryopreserving, recovering, amd retum of lipoasspivates to plivsicians Ky sutologous

2>

adipose tissue transfor procedures. AH resgents are suitable for olmical use secording to Linited
Statey Pharmacopea (LISPY and the collection contatners and accessoriey psed all have 11X Food
and Drag Administration (FDAY approval for chinteal nses. The method s designed 1o obtain
high percent viability of asdipocytes after crvopressrvation snd thewing of adipose tissue
including the steps of obtaining an adipose tssue specimen and washing the adipose tssue with a
wash sohstion comprising Lactated Ringer's solution.

[ota6] In o Rether ebodiment the invention s directed o a method cvropreserve
adipose sissue including the steps of obtaining an sdipose tissue specioen and washing the
adipose tissue with g wash solution of 8 crystaliont solutton. The washy is romoved whersin a
eryoprotectant sohdion incheling 8 polvol and 8 ervstalloid sepuad 1o the vohuome of adipose tissue
o be preserved 1 added. The ifranatant solution is separated amd removed.  The infraatant
solution s tested for mucrobial contamination. The orvoprotected adipose tissue is placed mte
multiple contamners; and the orvoprotected sdipose tissue is aryopreserved at & defined rate. The
cryopreserved adipose tissue i stored at g tomperature below ~ 1530 degrees Celstag,

[O807] In ver another embodiment the tvention is directed to a business method fou
collection, orvopenic storage and distobution of an autologous hiclogioal ssmple material,
BRIEF DESCRIPTION OF THE DRAWINGS

[OO08] Fig. 1 iy a flow chart of the basic oryopreservation method of the prese
Vention,

DETAILED DESCRIFTION OF THE INVENTION

T
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[0009]  Certain termminology 1§ ased hevetn for conventence only and {3 not to be taken ay
3 hmitation on the present ivention,  The termupology includes the words specifically
moentioned, dervatives thereof and words of stnular import, The embodiments discossed hersin
are not intended o be exhaustive o o Bmit the nvention to the precise form disclosed. These
ewbodiments are chosen and deseribed fo best explain the principle of the invention and #s
application and practical use and © enable others skilled w the art o best wtithize the vention,

{0010} In a st ombodbment, the ivention s directed © a covoprotectant solution for
cryopreserving biological tissue essentinlly of a polyol and a orvstalloid  In 2 prefered
embodiment the polvel v ghvoorol and the onvstaliond 18 Lactated Ringers solution. Withowt
Hmiting the concept of the prosent invention, the polvol and the crystalloid ave selected in this
cmbodiment for thelr interaction with a Mologioal tissue such 85 adipose tssug,

{0811} The glvesrol and Lactated Ringers are in a watio of approdimately 1 o 10
vespectively.,  This solation establishes equilibration withm 20 minutes after combination with
adiposs tissue,  bquilibration means the tme to obdain 8 steady state conventration inside and
outside the cells o be equal. The combinatton of ghveerol and Lactated Ringers iy g ratio of
approximately 1 o 10 respectively o the present embodiment provides 8 loghly effective
cryoprotectant that can be directly injected into 3 patient for nse in cosmeliv or surgicat
procedures. Those shilled in the art will recognize that combmations of glveern! and Lactated
Ringer's tn rgtios between 1o 20 and | o 10 are not to be considerad stgmiBoantly different i
the covopreservation of admose tasue but the lowest acceptable ratio 8 110 40 {2.8%)  Further,
the oryoprotectant solution of the present invention does not vequire any type of digestion of the
adiposs tissug of the presamt smbodiment Thus, use of the ervoprotectamt of the present invention

provides a safe, efficient and cost effective sltornative to oryvoprotectants crurently available,
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(8612} In another embodiment, the vention v disected to 3 system for wrvopreserving
binlopical tissue mclnding 8 crvoprotectant sedution which does not cause leaching from a plastic
based container. As i is known in the art that DMSO s 2 comunon orvoprotestant, #t s alse
recognized that is has two signdficant liabilities.  Flest, DMSD couses “leaching” from maost
“plastic™ type bags and therefore, requires bags or containgrs that are of a spectal formudation
and are expensive. Second, and mere importantly, DMSO 5 toxie © the bedy and cannot be
injected mito the body in significant amounts (as discussed herein),

{0813} The uryoproteciant solution of the system of the present embodument 18 focused
on {1} a polvel and {0} a orystaliond. Ag disoussed o the previows embodiment, m the presamt
ebodliment the polvel & glyecernl and the orystallond is Lactated Ringers solutien. Thus, in
gontrast o any solutions which contain DMRO, the system of the present cmnbodiment provides
for the diveet injection of the oryopreserved adipose Hasue into the body and also s cost
effective. This i doe w the recognition that all components of the oryoprotectant of the present
wmvention are nop-toxic and approved by the Food and Drug Admunistration (FDA} for wse m
patients; mare specifically, Lactated Ringer's Injection, is a U5, Phanmacopaia (USSP} sterile,
nonpyrogenic sohution for Hoid and clectrobyie replemishnient w single dose contamers for
miravenous administration and Glyeering iy classified by the U S, Food and Drug Administration
{FD2A) as “penerally revognized as safe” (GRAS)Y The flexible container v mmke with now-latex
plastic materials specislly destigned for a waide range of perenteral drags including those
roguirtng delivery tu comtainers made of polvoleling o polvpropyiene. The solution confact
materials do not contain PV, DEHP, or other plasticizers. The suitability of the container
materials has been established through binlogical svaluations, which have shown the container

passes Class VI USP esting for plastic conteiners. These tests confinm the biokogival safery of
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the container svaters. Having the abiiity 1o ship the “thaved” arvopreserved adiposs fissue o a
physician who cany fiect it diveptly o a patient reduces cost, increases officency of the
provedurs and reduces {and potentiallv) elinvinates comtamination.

fea14] The plastic based contmner has at least one tube port with & Luer fitting and at
feast one apike port. This is required to effectuste the direet ansfer of the eryupreserved adipose
tissue {now thawed) as discossed berein, Specifically, npon receipt of the cryopreserved adipose
tissue {now thawed) the physician simply extracts this tisswe vig a svringe and directly fyects
this tissue o the desired area of a patient.

[O015] In another embodiment the invention is divected o a method 1o obtain a high
percent vightlity of adipocytes sfter orvopreservation and thawmg of adipose tssne. The method
meludes the steps of obtsling an adipose tissue specimen snd washing the adipose tissue with a
wash solution inchwling Lactated Ringer's solution. A solution of glycerol in Lactated Ringer’s
iy added to the washed adipose thasue fo obtan glveersd ervoprotected adipose tissue in the
ariginal container and at least one second container. The glyveerol crvoprotected adipose tissus 13
cryopresgrved by cooling &t & controlled rate, and stoved at tomperstures below -RQ degrees
Celstus {O), In g preforred method, the storage tomperature will be mamtained below -1530
degrees Celsius in the vapor phase of a tank containing liguid nitroges.

e

j0016] The crvopreserved glveeral crvoproterted adipose tissue is thawed i a Hauid bath

o
I!'

at ® emperatire of approximately 33 ©0 40 degrees Celstusy (37 degrees Celsiug m a prefinred
method} to o g wooverad ghveerol protected adipose tisspe.  Lactated Ringers solution s
acdded i an amount approximately equal to the volume of glyeerol protectad adipose tissue in the
contatngr 1 form a suspension solution. The suspension i separated o form {1} infranatants and

{11} adipose tissue; removing the infranatant solution from the container. The recoverad adipose
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3

tysue s oretamed o the physiclan R use iy a schedoled autologons adipose tissue transfer
procedure.

JOOE7] As discassed, core o the prosent nvention s the abibity o divently inject the
adipose tissue o a patient upon thawing 1 o safe and non-togic covoprotectant. The guality
control steps of the method of the present embodiment are initiated by obtaining a qualitv-control
aliquot of the same cryvopreserved adipose fissue recoversd, wherem Lacwmted Ringers in an
gmoant substantially larger than the volume of adpose tissue is added w the quality controt
aliquot. The re-sospended, recovered adipose tissue 18 cenmifuged to fomu (1) nfranatant wash
and (i1} washed, recovered adipose tfissne. The aliquot of the washed, recovered adiposs tiasue 18
transferred 1o a tabe containing collagonase solutten. The adipose fissue-collagenase suspansion
s menbmed 8 spproximately 37 degress © o partdally dissoctate the adipose tissue iato
adipoeyies and strommabeascudar faction celly. The collagenase i3 neotralized by adding 8
growth medinm to the adiposs txsus-collagenase suspension, and the adipose Hasue i recovered
by centrifuging the dipested, recovered adiposs tissue to separate the foating adipoovies from
free stromal-vascnlar fraction cells. A sample of the dissociated adipooyies s transivrred from
the recovered adipose tissue 0 a tabe containing a vital stain to detennine the percentage of
viable adipoovies i the sample using an mstrument capable of distinguishing Hve adipovytes
from dead mdipoovies based own the vital sigin used.  The results of the vigbily analysis are
distributed 0 the collecting physician, who most commuonly performs the procedure o inject the
thawad adipose tissue tnto the pattent. Using this wethod the porcentage of viable adipose tisswe
celly s typically greater than 70.0 percent,

[O018] Referring o Fig

F3EN
&

i, i a further smbodiment the invention 15 directsd 0 a method

0 eyvropreserve adipose tssue 10 including the steps of obtaining an adipose tissue speoimen 12

5
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and washing the adipose tisase with @ wash solution of a orystalioid solution 14 The wash &
repovad 16 whersin a ervoprotoctant sehution mwludivg a polyol amd a orvstallond equal o the
vidume of adiposs tssue 0 be proserved v added 18, The infranatant solution 1s separsted and
removed 20, The infranatant solation is fested for microbial contaminetion 32,

10019 The cryvoprotected adipose tissue s placed into mudtiple contatpers 24 and the
cryveprotected adipose tissue Is crvopreserved at & delined wate. 26 The crvopreserved adipose
tissue is stored at a temperatare below ~ 150 degrees Celsius, 28

{0020 The defined vate of cyropreserving s ~1 degree Celstas iminute to b least ~20
degrees Celsiug, and cooling is continued at -1 to -2 degrees Celsns por munate 10 -30 degrees
Celsius. The cocling rate subsequent to the phase transition {from higuid 10 soligd) ix less oritical
than the gl cooling rate. As appreciated in the prosent myvention, the polyol s ghveerel, &nd
the crystalloid is Lactated Ringers solution.

[OO21Y tn ver another embodiment the invention iy directed to 3 businesy method fiw
collection, crvogenic storage and distribution of ap aulogons ological snple matenad. The
methad s miiated by collecting @ prawinm for defined services for collection, crvogemsic storage
and distribution of & hiclogical sample mstenal and thereafter coordmnating the collection of &

biological saple of o customer by {1} payving a predetermined fe in support of physician

services performed for collection of the bological sample and {11} supplving & collection system
mclnding a plurality of componeats for collection and trangportation of the biolegical sample.

Thag mtial part of the business method I8 important not onldy to obtam the sanmple but to tar
the business relattonship of the castomer and business sntity.  The customer, physician and
business entity will gain an understanding of the “biy picture™ and long-term relationship of this

otlaboration 50 @ 1 appreciate the benefis, nights, obligations and costs {as explained berein).
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[O022] The pre-determined fee for a physician to obain the bological sample will vary
depending upan the total volume of adipose tissue o be processed and orvopreserved, but will
mesthy Bhely be himited 1o costs relating o the collection systam, tansporigtion o the processing
facility, snd orvopreservation. Howeser, the cost will be g one-time set fee which will be agreed
upon by the client befors iniating the procedurs to obtain the sample.

0023 The collection svstem 13 8 defined set of components which are designed for

coordination of the business method, The collection system includes gn identification material
for the obtained biological sample. This 1s most commonly a defined group of standard forms
which may mehude coded labely for use with an encoded program {as discussed berein). Clent
sample bags include the same coded labels for vse with the sncoded program. These labels will
comply with state and foderal regulations, e 21 CFR 110 The collection syssem further
inchudes a transportation box which may be commercially manufacinred and coordinated with g

fransportation carrier, e.g. FedEx. Transportaton labeling will alse include the same coded

labels for use with the same socoded program; m addition to information reparding shipment
focation, Upon coordination, the method continues by obtaining the bological saniple from the

client and travsporting the Mological sample w the collection systent 1o a processing fHicihity,
[o024] Av the process fhetlity, the collsctivn system components are troducsd o 8
processing module of 8 detshase via ¢ log-in povt] having the encoded program. The datgbase
will be custon-designed 1o procoss smd stove oProtecied health information using a proprivtary
progran of @ commercially avadable program such as Microsoft's Access program. The databage
will inctude but i not limited o, the mformation obtained from the collection svstem to

(33

coordinate the “client sample with the client™; such as the information meluded in the patient-

spectic bar-goded client ssoypde bags. This information will also be included in g standardrzed
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formy, The database will be organtiesd i moduley stoylar 1 the orgamzation in the stndardized
form, will be ssarchable, and will be progranuned to produce all the vanous fums associated
with this process. The database tncludes the sncoded progran 1 organize and store information
regarding the hiological sample and recording information,

1RO The bivlogical sample & processed by washing the adipose tissue with & wash
solution comprising Lactated Ringer's solutica. A solution of glycerol in Lactated Ringer's is
atdded 1o the washed sdipose tssue 1o oliain glveerol crvoprotected sdipose tissue i the original
container snd at least one second container.  The glyeevol oryoprotected adipose tissue s
cryopraserved.,

{0026} Lipon request, the orvopreserved ghecerol orvopratectad adipose tissue 1 thawad

£

woa Haguid bath at 8 tompersture of approxinately 37 degrees Celstus o Bom g recovered
glyceral protecied  adipose tase. Lactaied Ringers solution i3 added in an amount
approximately sgpead 10 the volume of glycero! protected adipose tissue in the contamer to Rorm a
suspension selution. The suspenston & separated to form (1) miranatant and {11) adipose tssug;
the mfranatant solution s removed from the container, The recovered adipose tissue is roturned
o the physician for use w g scheduled sumtologous adipose tissae transter procedare,

[o027] A guality-control aliquol of the same crvopreserved adipose Hasue i recovered
aml Lactated Ringers i sn amouwnt substantially larger than the vohume of adipose tissue @
added in the guality control aliguot. The re-suspended, recovered adipose tissue 3 contrifaged to
form {1) miranstant wash and {11} washed, recoverad adipose tssue. The aligoot of the washed,
recovered adipose tissue 18 transferred to a fube containing collagenase sohstion. The adipose

tissue-collagenase suspension 15 incubated &t approximately 37 degrees € to partially dissoviate

the adipose tissae into rdipocytes and stromghvascular fraction colls,  The collagenase i

b
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peutralized by adding a growth medivm o the adipose tssue-collagenuse suspension, and then
the digested, recovered sdipase tissue is contrifuged to separate the floating adipocytes frem free
stromabvasoular fraction cells. & ssmple of the dissociated adipooyvtes 1 transforred from the
recovered adipose tasie to 8 tnbe comaining 2 vital stain to determine the percentage of visble
adipocyies w the sample using an instroment capable of distinguishing Bve adipocytes Hrom dead
adipocyies based o the visal stain used. The results of the viability analysis will be reported to
the collecting physician, Using this method the percentage of viable adipose tissue colls is

typically greater than 70.0 percent.

0028} The isolated material i3 distrtbated to the custorogr from which bislogical sampl

%

was obtained; snd transporting the thawed containgy containing the oryvoprotected sdipose tssie
g transport svsten as directed to the request based on scheduled patient procedurs.

{0029} Development of Threct Crvopreservation of Adipose tissae

{00301 The freezing of adipose tissue was evalusted In four different cryopreservation
conditions, two with the widely used dunethylsulfoxide {DMSQ, 10 Crvoltor U85 and U818,
with 5% and 10% DMSO, respectively), and two with 10% glycerol, an older but still usefid
cryoprotectant, with and without 8.2M trebalose. Trehalose s o very stable disaccharide {sugan)
that has been fowsd to be usefal by the crvopreservation of a wide variety of cell fypes, inclading
adipose tissue. I fact, both glveeret and trebalpse ave produced enddogenousty as eryoprotectants
by cortam organisns. Pu e ol froze small samples of Bipossprirates in 3.3% DMIG + 0.2M
trehalose £2004), and sobsequently i 02M trehalose alone (200%), and found thy these worked
well i terms of the post-thaw viability of the adipose tissue. We praviously tested 10% DMSO,

OMSO -+ polyvinvipyrrolidone (PVEPY, 10% glvesrol, snd 109% glyveerol with 10% FRS

{20051, and found thal orvopreservation with DMYRO gave botter resulis than glveerod
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{Moscatelto et al,| 2008} However, in those experiments we had sot tested eqeilibwation of the
alipose tssue with the crvoprotectants prier o Srvopreservation as we did in the owrrent
experiments. Time for equilibrtion s more hkely o be an important variable with ghveerol than
with DIMEQ, as TIMSO penetrates celly more vapidly than doss glyeerol {Hang, 2008), but
DMSOY s toxie wo colly at voom temperaturs of body temperature, whereay ghvesrod i3 not toxie.
{0031} In the sxpertiments porformed, adipose tissye frozen o both glveerol and DMRO
vielded sinudar post-thaw adipovyte viabibity {Table 1), This was established by rapidly thawing

I

the eryopreserved adipose teswe (AT i a 37% ( waterbath and washing with Iactated Ringer's
solution, followed by digestion with Imgfmi collagenase. The digested adipose tssug way
washed onve again, and the floating disseomted adippovies were mitxed with an equal volume of
either acridine orange {AD) or propidium odide (P stock selutions. The numbers shown in the
table for both the ACH and PI assavs are the percent viable. Tn the case of the AL aasay, this iy
the % AL positive (8A0+ 7 SBR cells » 1%}, and 1o the case of the PUassay, is (38BR+ « #PLvy

{(HBR cells) x 100%.  In other words, m both assays, the bright field jmages are used to
deternune the total number of adipocvies counted. In the AQ assay, the AQ-positive cells are
comsidered viahle, and 1 the P assay, the Phpositive cells arve constdered aom-viable, but the
mupose i both vases 1S o estimate the percent vishility, The software does the calonlations,

which are speotfic o the dve being used.
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Whole AT Recovery Percent Viability
Gly & Trehalose Glyin iR €55 {5-10
Serigs &0 £ AD P AD P AQ &
g TIESG | BR.5%G | 85.5% | S5.4% 77.48% 22.3% 43.63% | 33.5%
98.6% | B5.8% | 94.0% | 875% | 82.6% 76.3% | 712% | 70.0%
e F3.2% | 93.4% | 95.4% | 32.0% 83.6% 74.5% 74.3% | B6.1%
N FT.2% | SB8% | 8O1% | 47.8% 83.4% 88.8% 83.8% | 72.8%
outlier - discrepant result
average | B0.2% | S04% | 813% | €3.1%m | 81783 | 65.48% | 6BI% | 85.86%
adj ave T4.0% | §7.2% | 21.3% | 88.5% 81.8% TREN% 79.9% | 76.3%

Table 1, Vigbility after thawing of adipose tissue crvopreserved in various cryoprotectants,
¥Sertex 2 P counts of both Gly in LR samples contained substantial extracellular owirix ¢
stromal cells, potentislly causing false posttive FI counts.

[O032] Both assays work fairdy well) bt the P assay s more sensitive to the amount of

stroma {which can vary substantially} m the adipose preparation. This is becanse in preparvations

with a It of stromal celly, some of which are non-viable, the nucled of the stromal cells may

overfap with adipocytes, and thus some viable adipocyvies are connted ay non-vighle wch
stiugtions. Those of skill in the art sall recogmze while # 18 possible to digest and process

adipose tissae spfficientdy to completely separate the mature adipooyies from the stromed-

vascuhwr fraction cells, such a procedare i o harsh to retain the viabihity of the delicate
adipoovies, The experimenms, tustrated a larger volume of adipose tissue s regaired m the QC

vials than vaght seem secessary from g theoretical standpoint. Although only sbout I0pl of

digesied adiposs tissue s needed to stain and load the deep-wall slides, eg. Cellomster slides,

feast 2wl of adipose vesue 1w the QO ahiguot s reguired o ensore an equal volume of clean
adipocytes suspension. Since the digestion o obtain viable adipocytes soust be more gentle by
virtue of the fragiliy of mature adipoovies than the digestion used {0 1solate SVE, anv stromal

material present 13 not well dissocisted. This maternial must therefore be avoided or loading the
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slide is impossible, so we nead safficient volume © obtain at least 100pL of exsentially stromu-
frog adipocyies,

Percent Viability Farpent Viahility

CSOTS LS55 C557T15 CS107T5 LH10T15

AD # AQ P AQ # AD 8 AL B

Day 0 P | O6.6% | 68.6% | S0.1% | B3.2% | 42.8% | 67.2% | 45.9% | 40.7%

24

- 59.4% | 64,5
hirs 4

55.8% | 68.4% | 62.3% | 89.2% | 94 84.1% | 76.8% 18.0%

2}
nd
e

438.6% 14.2%

48

hrs ND 87.5% | 97.1% | 85.3% | 88.1% NQ ND | 91.2% | 81.8%

Table 2, Time course of cryopreserved adipoase tissne viability after thawing, All sanples
were from lipoaspirate waste abqueted by REG jato OrsGen bags on 1171 Adter thawing,
the Day 0 aliquot was removed, then an squal vohume of Lactated Ringers was added o
rernaining adipose tissue and stored at 45C. Very high connective tissue content, difficult o get
‘clean’ adipose tissue for count. Legend: CSO = no arvoprotectant; O8R5 = CryoStor €8-3;, €510
= CryoStor CS-H; TS = gquihbeation for 3 sun TES = equabibration for 15 vy

FQ2142012

Percent Viability Percent Viability

Glycerol -

Gly + Tre -

Giy + Tre - left

Fraaze: T Glycerol - left in o
removed removed in
&ssay: AQ 2 AL gl A Pl AQ Pl
Day O 58.9% 58.3% 84.2% ¢ 79.4% | B%.1% 80.2% 1 91.3% | 88.6%
E;j g *1 82.7% | 87.1% 55.9% | 8B6.5% | 92.8% BR.E% | 48.2% | 56.5%
Day 1LR® 1 643% | 85.9% N ND 73.9% 80.7% ND ND

Day 2
NF*

Day 2 LR¥

F7E% ] 98.0% [ 86.1%  87.3% | 865K 92.6% | 63.0% | 8&.1%

91.0% ¢ S0.1% [ 802% ) 907% | 79.% 96.9% | 84.86% | 33.3%

Tabde 3. Samples were stored in Pall bags whach bold a mavimoam of 25mb. Samples were
equiitbrated in either 10% Glvoerol in Lactated Ringer’s ("Glyeerol™) or 1% Glvesrolin
Lactated Ringer's + 7.6% Trehalose ("Gly + Tre™) for 15 nuinutes by rocking at 8 recks/nunute
w the cold. Samples marked "Removed” were connfuged for 3 wunutes at 80pm, then the
cyroprotectant was removesd before adding the adipose tissoe o the bags, Samples marked "Left
in" were injected nto Pall bags immedistely after equilibration with the ervoprotectant. Final
volumes were 12 3mb adipose tasue and 12 Sml covoprotectant (“left in™) or 20mk of Adipose
tissne (Cremoved™). Al samples were Sozen on controlled-rate freezer Program ASCOOT 10 -80C
and stored in the vapor phase of the Bguid nitrogen eryotank, YNF « po flaad; LR « stored in
Lactated Ringer™s, ND = Insufficient volume of AT 1o test these conditions. Noter Almost all

~
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U\fﬂpi{\iumm lefl iy sanmples had considerably higher mounts of stroma comparsd 1o
“eryoprotectant ramoved”

[0033] Considering the resulty of the experiments shown i Tables 1, 2, and 3 1%
glycered in Lactated Ringer’s soletivn was chosen as the optimal crvoprotectant. The peroentage

of viable adipose tssoe colls s pregter then 700 percent ay determined by acniding orange (AQ)
staming {average of gl AQ counts of thawed, glveerol-crvopreserved adipose samples i tables
and 3= &L percont, range 40.2 porcent o 98,6 percent) |

[8634] While the DMSO-based crvoprotectants worked comparatively wedl, any DMSO-
based cryoprotectant would need to be washed out after recovery] in contrast this would not be
necessary with glycerol based oryoproteciant of the present inventon.

[O035] Example 1

{0036] In a prefered example, the method is as follows:

{00371 Stentle comtainers comtaining Ham's FI2 (HF12) medium with a broad-spectrum
antibiotic {eg, SOppiml pentamivin sudfate) will be wsed fur collection of adipose tissue. It
should be clear to those skilled in the an thar nutrient media such as Minimal Essential Medium,
MUDR 301 or stauilar media, or isotome solutions such as Hapk's Balanced Salt Solution are
conteniplated ay soitable alternatives 1o HF12, The containers will be weighed sropty and after
addition of the collectivn mediun. The sterile container will be labeled with the chent’s name
and other required information upon recerpt of a collection request from the client’s physician,
s this will be shipped to the physician’s office for receipt by the day pricr to the scheduled
Hposuchion. The stapwent will be tn g foanvnsolated box of approposte size, and will include
patient and collection data formy and informed consent forms, as well as return shipping labels
ad & temperature moniter, The nature sad stze of the collection vessel will dependd upon the

vohume of AT required:
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[OG38] Sterile bagy {e.g., il Sertorius Flexboy Bags) containing S0mb of Ham s 12
{HF12} mediom withy 2 road-spectrum antibietio {o.g., S0ug‘ml, pentamicin sulfste) wall b
used for collection of small o moderate volames of adipose tssue (up © S0ml AT). The centrgl
twer cap on the bag will be replaced with & needleless access port (eg, BD Q-Syte) for divent
connection of & syringe to the bag &y injection of AT by the physician.

{00391 In situation wherein, 300mb to 2L capaaity of AT are collectad, a Stende Filtron
lipoaspirate collection containers can be wsed. The Filtron collection vesssl is designed w
vemove bood and tumescent fhaid during the liposuction procedure. In thix stination, a8 bag
cortaining an appropriate volume (100mL for a Filiron 300 up o 1L for a 2L Fduon} of stertle
HF12 containing antibiotic will be supplied o add to the Filon affer collection of the AT,

10840} The lipoaspirate and associated paperwork will be retomed o the processing
faboratory by oversight shipment. Upoa receipt, the sample will be inspected for container
mtegrity and the sample and documents compared  ensure the correct sanple was received.

10041] The AT sample container will be weighed upon recerpt and alter removal of the
shipping medtam, so that the actual amount of AT received can be quantified,

{8421 The AT will be washed once with an equal volume of Lactated Ringer™s solution.
An aliquot of tus wash will be used for sterility quality control testing, After removal of the
wash, the AT will be equibibrated with cryoprotectant and cryopreserved as follows:

a0 Acvolome of 10% plvoerol USP 1o Lactated Ringer’s hyecton USSP equal o
the vohie of AT to be preservad will be added to the container;

b the container will be “sandwiched” betwesn two cold packs {(previously chulled
o 2% - 8§ Y and rocked ot 8 socks per nuinute for 15 minutes, alternatively,
the rocker may be placed in 2 refrigerator or walk-in cold room o maintain
the roquired tempersture,

¢, the contsingr holding the equihbrated AT will be hong at ahout 47 C for 10
mimtes, sd then the nfranatant eryoprotectant Haid will be removed.
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Alternativedy, the contamer may be centrifuged at 8 spm for 3 mingtes ©
separate the phases;

d. the infranatant comprising excess oryoprotectant Thad will then be removed,
and portions thersof will b fested for the presence of microbial contnmants
by inccniation mto media sutable for the growth of both acrobie and
anaerobic microorganisms;

e the AT s then iii%p{:mmi o oryogenic containers of appropriate stxe for ?i

mqumd volumes. Several versions of bags capable of holkding from as litle

7 nuililiters to as mm-h as 108 mithiters of tiasue are available which are

certified as stenle, non~pyrogenie, and vahdated to retaimn integrity at liguid

nitrogen temparatures. Most commonty, the inlet tubing on the crvogenic
storage bags shall be no more than 10 inches in fength, and preferably less
than § inches in ength, The bag shall bave a ne edless luer-lock port for divect
commection to a syringe for addition or remcval of the AT, In & preferred
embodiment; AT vohones of < 100mL will be dispensed wito crvogenic
storage bags capable of holding 20~ 25ml. at no more then 1 centimeter {omy)
thickness. AT volumes > 10mi. will be dispensed into the required number of
crvogenic bags capable of holding 100mL. at no more than 1om thickpess. The
bags are then prompily placed nto metal cassettes of sufficient size o contain
each bag while ensuring that at no point is the vessel > Tom in thickness. Both
the bags and casseties shall be labeled with a chient-specific barcoded tabel In
suother preferred embodiment, one or more quality-control samples of at im st
Ik will also be crvopreserved for each AT sample;
the AT will then be frozen w 3 controlled- rat“ f’reezﬁr at about ~1° €7 munute,
fn a preferred embochinnent, the freexing rate s ~1% OV minute 1o -20 €, held for
€ o 1O minotes & 2207 O and then ,m}h:zi at abowgt 2% O aunute o -RO°

The cooling rate subsequent to the phase transition (from Hguid o soludy is

fesy critical than the initial cooling rate.

it will be apparent to those skilled in the art that many variations of such g

i

freexing program are poasible; and

B the frogen AT samples will then be tansferred 1o racks in the vapor phase of a
Hquid nitrogen crvogenic storage tank for long-term storage. The femperatnre
must be maintained at or below -150 € Most commonly, the temperature in
the vapor phase shall optimally be between ~180% C and ~190% €, and this will
he continuousty momitored,

{0043} Upon scheduling s antologons adipose tissee transfer provedure, the plvsician
will subnnt 8 request to Amerizan Cryvodtem speaityving the date and quantity of AT required.

One or two days prior o the scheduled date, borstory persomnel will retnieve a quality contred

aliquot along with the requested AT sample(s) from cryogenic storage w the following maaner
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[OGd4] The pattent™s AT bag will be rapidhy thawed by removal from the wistal cassette

followed by inwversion v 8 warm water bath with 8 terpsrature between 33 degree € sl

b

d0.degree. £ m g preferred embodiment, the water temperature will be about 37 degree. € The
quality control vial will also be thawed in the same way, It in both cases, the ports or cap will
not be yvmessad. The containers will then be spraved with 70% alcobod and wiped dry.

[0045] The bap(s) contaming the AT will be ploced between cold packs chilled as
deseribed herein m foarm-msulated boxes, along with 8 temperature monttor, Alse included will
be a stertle, spike to Luer adaptor for the physician © use to remove the adipose tisswe from the
bag. These will then be shipped 10 the requesting physicians” office either overnight (if thawed
two days before the scheduled procedurs) or priceity overnight (i thawed one day before the
scheduled proceduwe),

00461 On the day the adipose tissue ¢ delivered to the physician, the thawed guality
control aliquot will be processed washing and gentle digestion with collagenase ensvme, and
texted for viabidity using vital dyes on a cell analyss instrument.

{00471 1t will be appreciated by those skilled in the ant thit changes could be made 1o the
gimbodiments deserbed ghove without depariing frowm the broad inventive concept thergof, It
widerstood, therefore, that thiy invention is not limited to the particnlyr embodiments disclosed,

but it ts intended to cover modifications within the spint and scope of the present trvention as

defined by the appended claims,
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CLAIMS

i A oryoprotectsnt solution for orvopressrving biologicsl tissue consisting
essentially off
3. a polvol; and
b, & erystaliond.
2. The cryoprotectant solution of clann 1 wheredn the polvol ts glycerol.
3, The ervoprotectant schution of claim 2, wherein the orysiatlond 18 Lactated
Ringers solution.
i, The cryoprotectant sohstion of claim 3, wherein the biological tissue
adipose tasue.
s, The cryoprotectant selution of clam 4, wherstn the glyoero! and Lactated
Ringers are 0 a rato of approxtmately 1 1o 10 sespectively,
6. The crvoprotectant solution of claim 3, wherely the solution establishes

equilibration within 30 minutes after combination with slipuse tissue.

A systaan for orvopreserving biclogical tissus comprising:

a. # cryoprotectant solation which does not cause leachng from a
plastic based contatners;

b a phastic based container;

R, The

12

vatemn of claint 7, wherein the crvoprotectant solution comprises {1} a
pobvol and (1) and (1) 8 orystallndd,

Q. The system of claim & wherein the polyol s glyoerol,

343 The system of chum 9 wherein the crvstallond v Lactated Ringers
solution.

t1. The system of olatm 10, wherain the plestic based container comprises at

feast one Luor wbe port and at least oue spnke pon

18
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388 & muthod to obtain Ingh porcenmt wviability  of  adipooytes  afier
crvopreservation and thawing of adipose tssue comprising the steps off

a. oblatmng an adipose Hissug spechnen;

b washing the adipose fissue with a wash solution conywising
Lactated Ringer’s solation;

o adding a sohution of glvesrol in Lactated Ringer’s (o the washed
adipose tissne o obtain ghyceral crvoprotected adipose tissue in the origingl container
and at least one secomd contamer:

d. cryopreserving the glyveern! cryoprotected adipose tissue;

& thawing the crvopreserved glvesro! orvoprotectad adiposs tissue in
a liquid bath at a temperature of approximately 37 degrees Celsius to form a
recovered ghyeerod protected adipose tissae;

f alding Lactsted Ringers solption i sn amount approxinwstely
agual to the vohuwe of glycerd protected adipose tissue 1 the contatper to form 8
ARSPENIION;

. separating the sospension fo form () miranatants and (1) adipose

fasue;

f. removing the infranatants from the suspension
1 returning the recovered adipose Hasue to the physician for use i Q

scheduled antolopous adipose tissue ranstey procedurs;
1. veeovering 8 gquality-control aliguot of the same orvopreserved

adipose tissue;

k. adding Lactated Ringers 10 an amoont substantially larger than the
vohane of adipose tiasue i the gualidy control shiquot;

L centrifuging the re-sospended, recovered adipose tissue to fem ()

infranatant wash and (31) washed, recovered adipose tissue;

i, transferring an ahgoot of the washed, recovered adipose tissne toa
tube containing collagenase solaiow;
. meubating  the  adipese tssue-collagenase  suspeasion &

approximately 37 degrees € o partislly dissoctate the adipose tissue into adipoovies

and stromal-vascular fraction cells;

14
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3 newtralizing the collagemase by adding 8 growth mediom o the
adipose tissue-collagensse suspenston] centnifuging the digested, recovered adipose
Hasue to separate the floating adipocyies from free stromal-vascular fraction celly;

. wransferring & sample of the dissociated adipocytes from the

recovered adipose tssue to 3 fube contmmng a vital staing

. determining the percentage of vialde adipooyvies v the sample
using an instrpment capable of distinguishing tive adipocyies from dead adipocyvies

based on the vital stain ased; and
£, reporting the results of the vighilny analvsis w0 the collecting
phvsician.

13 The method of claim 12, wherein the percentage of viable adipose tiasus
cells 18 greater than 70.0 percent g5 determined by senidme orgnge (AQ) stadning,

14 The method of clatm 13, wherein the defined rate of cooling & -1 degree
Celstus/minute to at least <20 degrees Celsiug, and cooling is continued at ~1 to <2

degrees Celstus per minute o -0 degrees Celsius.

15, A method oyropreserve adipose tissue comprising the steps of;
a. obtaining 3 adipose tissue specimen;
b washing the mlipose tisue with 2 wash solution campising a

orystatiodd solution;

. renoving the wash;
i adding 8 orvoprotectant sohmion comprising 8 pobwol and a

crystalloid egual 1o the volume of adipose Hasue o be preserved;

e, separating and removing wmiranatant solution;

f testing the infranatant solution for ndorobial contamination;

2. plactng the crvoprotected adipose tissue mto multiple containers;

h. crvopreserving the oryvoprotected adipose tissue af a defined rate

and

i storing the orvopreserved adipose tisste at 8 temperatiee below -
150 degrees Celsins,
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{8, The method of claim 13, wherein the defined rate of cyropreserving 8 -
degree Cslstux /mimne (o 2t leadt -20 depreps Celstuy, mml cooling v comtmued at -1
o -3 dogrees Ceolstus por nuinute o -80 degress Celsing, [EXPLAINT The cooling mie
subsecueent 1o the phase transition (from hagud o solid) 13 leas oritical than the waal

coohing rate.

17, The methad of claie 18, wherein the polvol is glyceral,

18, The methed of chum 17, whoerein the orvstallond 18 Lactaied Ringers
solution.

190 A buxmess method to oblain high percent viability of adipooyvies after
cryopreservation and thawing of adipose Ussue for ansportation and use n patient
procechires comprising the steps oft

8. colfecting & promium  for  defined  services for collection,
fransportation, crvogenic stovage snd disteibution of a bivlogical sample matenial;

b, coordinating the collection of a biological sample of & costomer
comprising {1} paying a predeternned fee in support of physician services performed
for  oollection of the bwlogical sample and (8} supplving a collection system
compriaing & plurality of components for collection and travsportation of the

biological sample;

<. obitatning the biologcal sample from the client;

d. transporiing the biological sample in the collection system o 8
processing faciliy;

£, introdocing nfornation from the collection system components
a processng modele of 3 database;

f. cryoprotociing the biolopical sample i a solution comprising {8
shycerel and {11} Lactated Ringers for ervopresarvation;

g teshing for quality control of the  isolated  wsterial B

CrVOpreservation;

b cryopresarving the isolated material;
i thawing the cryvopreserved biological sample;
1
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I distrilnsting the isolated material 13 1o the customer from wiich
hiclogical sample was obtgined; and

k. tranmsporting the thawed container confmimng the orvoprotecied
adipose tissue i a wansport system as directed o the request based on scheduled
patient procedare.

20, The business muthed of olaim 18 wherein the collection svstam

COMHISES.

a. sdenttfication material for the obtmved biological sample;
b coded labels for use with an encoded program;
o chisnt sample bags

4. transportation box; and
£, transporiaiion labeling,

21 The business mwthad of olabm 2, wherein the collection  system
components are mroduced 10 8 processing modude of a database via g Togm port, by
scanning 8 barvods on the cHent sample bay in the completed recording information.

2% The business methed of clatm 3, wherem the obtained bologival sample s

an adipose tissug sample.

22

vl
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FiG 1

12 obtatrang m adipose BYSUC spoCIICR
washing the adipose tisxee with 3 wash solution comprising 8 srxtatinid sedution
14

- removing the wash

adding a covoprotectan solation comprising a polyid and a arvstalioid cgual to the
volume of adipose assue to be preserved

2

' separating and removing infranate sedution

)

v

festing the infranatond sodution for microhal contanunation

| placing the ervoproteoted adipose tissu iate nwltiple containers

- oryoprserving the crvoprotosted adipest fissue at a defined rate

stoving the eovopresered adiposg tissie 81 3 tomperatire below ~158 degress

1

SUBSTITUTE SHEET (RULE 26)
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