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comprises a substantially uniform coefficient of thermal expansion.
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ACLOSED SYSTEM URYOPRESERVATION DEVICE

BACKGROUND

Field
IO 1] The deviee described and claimed hersin s in the field of devices

for the cryopreservation of blologioal specimens.

Desorigtion of the Probloan sred Related At

000N Cryoproservation is practiced in the Iife soiences for the purpose
of halting biclogical activity in vatuable cells for an extended period of time,

Among the technigues used for cryopreservation is witrification,

10003} Vitrification involves the transformation of g solution comprised
of & biological spechmen, La., an gooyie or an embryn, inte a glass-Eke
amorphous solid that is free from any crystalline structure, followed by
extrentely rapid cooling. One of the megor challenges of this method is to
prevent the intracellular Bygnid within the cocyte or ambryo to form ioe
crystals. Accordingly, the fiest siep is to dehydrate the cell or cells ay much
as possible using oryoprofectant containing fuids called “vitrification
media.” The blologicsd specimen is then rapidly chilled by fmmersion In w
oryogenie flutd such as Houid nitrogen (LN}, With a proper combination of
chilling spead and sryoprotectant concentration, intracelfular water will
attain & splid, innocuous, glassy {ritresus) state rather than an orderly,
damaging, crystadiine ice state. Vitrification can he desaribed as a rapid
meresse in fuid viscosity that traps the waler melecudes in a random
artentation. Vitrification modia, however, can contadn relatively high levels of
cryaprotectant that can be toxic to cells except i the vitreous state. As &
resuil, the time exposures of celly o vitrification media during dehydration
and warming woast be carefully condrolied to avold cellidar injury, and,

accerdingly, it is desirable to ohill the ypecimen as guickly as possible,
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LR This upetus led to development of & method in whick the

ot

hiological specimen Iy directly mmmersed in the oryogen to achieve rapid
chilling, Cryocontainer devices used in this techinigue are classified as
“opent” for use in an “opent system” berause the biological spechnen is in
divect contact with the crvogen, e.g., LNy Examples includs electron
microseopy grids, spen pulled straws, the Cryoloap™, from Hampton
Hesearch Corp., of Aliso Vigle, California, USA, and Cryotop® offered by
KitaZato Biopharma Co. Ltd, of Fujl, Shisuoks, Japan, Open oarriers alse

enabde rapid warming of the blological specimen.

I0US] LNz, however, is ot aseptic. It may contain bactevial and fungs
species, which are viahie upon warming. Furthermore, it has been reported
that vitrified cells held in long term storage In LNz could be infected by vieal
pathogens artificially placed i said LNz, Hengee, there is the potontial for
infection of biological samples vitrified in open curriers. As a rosull, many
countries have banned open systems dus to the high risk of sample

contamunation.

{0008} The potentiad of infection has led to the development of sealed
cryecontainers where the blological sample is placed in a cryecontainer and
secaled before chilling in LNz, The cryocontainer also serves as a storage
devics 1o isalate it from the cryogen during long-term storage. & “closed”®
system refers fo 1 vitrification system that prevents diveet contact hetween
LNg snd the biclogicsd material, Examples of closed sryocontainers include
Cryotip®, offered by Irvine Scientific, and the “Cryotep® 8C” from KitaZsto.

1

Inn both cases, the containers ave hoat-seaded to encluse the specimen.,

oot Another sxample of a ovvovsntainer devics for use in closed

o

system, U8, Pat, No, 7,318,896, {0 KXweayameg, of ol

XM

Egg freezing and
storing tool and method”, deseribes a closed crvocontainer for vitrification.
This device comprises a fine plastic tube nominally 8.25 mm 0D and & wall

thivknoss of .02 rom. A typical hivlogioal spectmen will contain & human
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vocyte having an OD of 0135 ran It is dehyvdrated with vitrifieation medis
and then drawn into the tube. Then both ends of the tube are heat-sealed

Aith 2 thermal sealing device 1D oreats an assptic container. Becauss one of
the heat seals iy vreated very close o the hiclogical specimen, there are

coneerns that the heat will injure the ool

{0008} Sumilarly, U8, Pat. No. 8,372,833, “Kit for Packaging
Predetermined Volume of Substanes to be Preserved by Cryvogenie
Vitrifioation”, to Cladras, & al, deseribes a fube-within-a~tube closed
cryccontaing voncept. Both tubes are fabricated from plastic. The mner
tube is modified to create & channel at one snd upon which the biclogical
specimen is placed. The leaded inuer tube is then placed within the cuter
tuhe. The outer tube is then heat-sealed at the loading end o oreate an
aseptic oryocontainer. Howsver, heat-sealing requires a costly sealing device
capable of fusing the plastic of & vitrification eryocontainer. It also adds

another step in a provess that requives speed for safe execution,

0008] To address thiz short-coming, a closed system container device
s prevented by LLE Puln App. 30080123998, by Chin, and entitled,
“Virification Device With Shaps Memory Seal.” The device is disclozed to
comprises a specimen collention tube in oue end of which s stopper is
installed. The collection tube, with specimen, s inserted into a tubular
sheath until the stopper engages the sheath. Then, Instead of heat-sealing,
8 separats closing device is installed on the stoppered sheath. The closing
device comprises & cup that is drawn down on the stopper by & shape
meracry material that contracts when subiected to low temperatures, such
a8 when mmersed i L. A problam with this approach is that it incronses
the complexily of the aryocontadner devive, and because the components are
rade of different materials, sach having (s own coefficient of thermal
expansion, they expand or eonttract at different rates which may alse disrupt

the seal.
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BRIEF DESCRIPTION QF THE DRAWINGR

UG L The present device is desoribed with reference to the
accompanying drawings, In the drawings, Hke reference numbers indicate

3

identical or funotionadly similar clemends.,

{0011} FIG. 1 i a side view of an sxemiplary embodisaent of the

dizclosed oryopressrvation device;

{0012} FIG. 24 Hlustrates a stick member of

18] FIG. 2B ilustrates a cap for the smbodiment showa in FIG. 1
T FIG. 34 s a detailed view of cne end of the stick members

B0} FIGL 3R o detaiied view of the end of the atick member shoven in

FIG. 34, with the stick member rotated 80° about the long axix;

018} FIG. 4 15 a detailed, fragmented view illustrating the cap

sngaged on the stick member; and

0oLy FiGa. 8A through 5D show various sxemplary shapes that may

comprise the perpendicular oross-section of the device,

DETAILED DESIRIPTION

{018} The various embodiments of the closed system cryopreservation
storage device describe below and their advantages are best understood by
referving to FlGs. 1 theough 8D of the drawings. The elements of the

drawings are not necessarily 1o scale, ewmphasds instead being placed upon
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cleanly tHustrating the novel features and principles of operation.
Throughout the drswings, ke numerals are usad for Bke snd oorresponding

parts of the various drawings.

10015} Furthermore, reference in the specification 19 “an cmbodiment,
“orte evabodiment” “carious embodiments,” or any variant thereof means
that w particudar feature or wspect deseribed in cormgunction with the
varticular embeodimend iy inchided in at lvast one smbodiment. Thus, the
sppearance of the phrases “in one cmbadiznent,” “in ancther smbodiment,”
o variations thereo! in various places throughout the specification ave not

neceasanily all referving to its respective embodiment.,

DR Referring to FiGs, 1, 24 % 28, & closed sysiom aryopreservation
device 10Q comprises an clongated stick 101 and s oap 102, The stick
comprises @ body 108 heving a generally uniform oross-section abruptly
fransitioning ab roughly mideay along the stick 101 to s ustoconical boss
W3, A shoulder 115 having a generally planar surface oviented roughly
perpendicularly to the long axds of the stick 101 is formed st the transition
from the body 108 to the boss 103, A specimen collegtion tip 104 extends
froma the narrow end of the boss 103, The cap 103 comprises an open engd
116 having a generally planar surfaee inwideh s defined a civendar opening
117, The gpening 117 is in communication with an elongated hollow
cheanber 108 defined along the long axis of the cap 182 and dimensioned o
sveommodate the tp 104 and the boss 103, The cap 102 preferably
comprises the same oross-sectional shape as the stick 101, e.g., hexagonal
{(FIG, BALL trisnggular (FIG. S8, square {FIG. 5C, circudar (FIG. 50, or the
ke, and roughly suual cross-seotional dimensions. Additionally, an
optiongd, advantsgeous structural feature is & orcumferentiad notch 118, b
disposed noay the ends of the stick 101 and the cap 103, respectively, by
which the device 10U may be clasped with foroeps, making the device 100

easier to hold the device 1G4,
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HE U When 2 specinen {oocyts or smbryol i to be vitrified, it is
sollected snd processad according to, for example, the protocel described
sbove, and then depesited on the specinen collection tip 104, The tip 104 is
then inserted into the clongated chamber 1G5 theough the opening 117 and
the cap 102 is prevsed into place, unti the planar surface of the open end
115 is seated sgainst the planar surfece of the shoulder 115, Accordingly, it
will be appreciated that one planar surface should be substantially parsilel

with the oppusing planar surface,

0o2R FiGs, 34 & 3B are detatled vicws, one rofated Q0 from the
other, of the portion of the stick 101 comprising the boss 103 and the tip
1 The boss 103 comprises a fivst surside diameter 108 {00 at the base
of the frustum sdjacent the shoulder 118, and o sscond G0 107 at the

distal end of the boss 103,

e ] Referving now to PIG. 4, the cap 102 is shown seated against
the shouldar 115 of the stick member 101 such that the tip 104 and the

boss 102 are hoeussd within the hollow chamber 108, 1t will be appreciated
that the proportions Hhustvated in this view are exaggerated and not to scale
to clparly show the dimensionsd features of the cap 102 and boss 103 anud
the inter-angegement of the two pleces. Accorsdingly, the proportions or
dimensions that may be suggested in FIG. 4 are not to be construed as

Houting any dimension (o 8 particalar value undess expressly defined herein.

00243 As showny, boss 103 inchudes a first Q. D, 106 that is greatey
than a second (LD 107, the disrasier of the boss tapering from the frst
0,00 106 to the second QLD 107 according to an angle 1144, The hollow
chamber 108 comprises a first seotion defined from the open end 116 of the
cap 103 and which is condigured with a first instde diameter 111D
located at the opendng 117 and s second LD 112, such that the first 1D,
111 is groster than the second LD, 113, devreasing according to angle

11148, The second section of the chamber 105 comprises an clongated
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portion having & thivd LI 113 that s dimensioned o accommaodate the tip
184, Therefore, the miterior surface of the first section of the hollow

cvhamber 108 defines a frustoconical space.

RS} In this embodiment, angles 1144 and 1148 ave roughly equal,
preferably within & tolerance of Q. 1%, The degree of taper shoudd be
relatively slight, no more than sbout 189 and preforably about .50°. Thus,
the firgt LD 111 ie greater than the fiest QD 106, and the seoond 1D 112
is greater than the second GU12 107, in both cases by o more than about

4L 1%, Accordingdy, the frusioconical space defined by the Interior surfane of
the hallow chamber 105 corresponds 1o the voelwmne of the fustocondesd boss
103 such that when the cap 102 is seated on the body 108, the ypecimen
collgction tip 104 1 snclosed within the ssvond ssotion of the hollow
chamber 105 and substantiadly all of the interior sunrface of the frustoconioal
soctinn of the clwmnber 105 is In comtact with the sxteriar surfacse of the boss
103, In thds way, the hollow chamber 108 is sealed againyt entry of LNz
when the cap 102 is properly installed without taking an sdditionsad step of

heat-sealing the device,

{02} Furthearmore, theare is also no nend for a gaskst, Typloeally such
gaskets arc comprised or a flexible, resilient matenial suitatde for use with
LNz, such as silfcon. However, silicon possesaes a coefficient of thermal

axpansion different from the rigid materiad used to form the body and the

CEP
R iz the other and, the stick 181 and the cap 102 are made of

the same righd material which s sunitable for immersion i oryogenic
substarees s that both pieces exhibit the same coefficient of thermad
expansion. Varous polymers may be used polyester {for example,
polyethylone srephihalate, polvbutylone terephthaiate); polvolefin or
sxample, polvethvlene, ultra-high mddecular-weighu palyethylene,

polvproprlene, cthylene-propylene copolymer, sthylene-vinyl acetate
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copolymer, styrene resin {for example, polvstyrens, methacrvlate-styrene
copolymer, wethsorvlate-butylene-styrene copolymer}; and polvamide or
exampde, aylon §, nylon 6. Preferably, both the stick 101 and the cap 102
are formed from aomedionl grade palystyrens orystal. Thus, the volumes of
both pleces exparnd or contract in rosponse temperature ot the swme rage
insuring the interdor surface of the frustocordonl portion of the hollow
chamber remadns in substantially full contact with the exterior surface of
the hoss 103, maintaining the seal provided by the cap. Thus, the device
maintains an sgually secure seal both at room temaperature and at low
cryogenic temperatures, eilitating substantially uniform temperature

conduction throughout the entire volume of the device,

028y As desoribed above and shown in the associated drawings, the
present mvention comprisey s closed aystem ervopreservation device. While

particular entbadiments have been described, & will be understood, however,
that argy invention appertaining o the device desoribed is not Bmited
thereto, sinee modifications may he made by twse skilled in the an,
particularly in hght of the foregoing teackdngs. I iy, therefore, contemplated
by the appended claims to cover any such modifications that incerporate
those features or those improvemments that embedy the spirt and scope of

the invention.
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WHAT IS CLAIMED %
i A closed systemm cryopreservation device for vitrification of blologiesd
specimens, sald aryopreservation device comprising
an elprygmted body;
a frustoconicad boss having an exterior surface and extending from a
firat end of said clongated body;
a speoimen collection Hp extending from said bhoss; and
an elongated cap for sealably snclosing said specimen collection €y,
said cap having & fivst and in which an opening is dofined that
1% in communication with an elongated hollow chamber
extennding along a long axiy of suid cap and having a length
sullicient to accommeadale said Up and sadd boss, said hollow
chamber comprising an interfor surface that defines a
frustoconical volunme corresponding to said frustoconical boss,
such that when said boss is Inserted inte sadd hollow charmber,
substantially all of said interior surface is in contact with said
exteriar surface of said boss; and
wherein said device comprises s substantially uniforme cosfficient of

thermal expansion.

2. The closed system Cryopreservation device of Claim 1, further
comprising at least one circumferential noteh defined in either of said body

or said cap.
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3. The closed system oryopreservation device of Clatm 1, wherehn said
body comprises a lonyg axis and a perpendiondar cross-section shape, said

shape betnyg ore of ciroular, rectangular, triangular, and hesagonal,

X

3, The closed system cryopreservation device of Cladm 1, whersin said
body comprises a first Jong axis and & perpendicular cross-section shape
and further comprising a shoulder disposed hetween the base of sadd

frustrocondcal boss and having a first planar surface generally perpendicular

to said fvst long axis.

£

The cinsed syste oryopressrvation doevice of Claim 4, wherein said
cap comprises a second long axds and & porpendicular cross-section shaps,
wherein said first end of saild cap comprises a second planar surface
generally perpendicular i sadd scoond long sus such that substantially all

of said first planar surface of said shoulder is in contact with said second

planar swarface,

8. The closed systom aryopreservation device of Olaim 1, wheredn said

body and satd cap comprise the same material,

7. The clogsed system uryopreservation device of Clalm 6, whersin said
body comprises a first long axis and a porpendicudar cross-sectinn shape
and further comprising s shoulder disposed betwsen the base of said
frustoconical boss and haviag a Hrst planar surface generally perpendicular

to saxd first long axis.

10
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8. The closed system oryopreservation device of Cladm 7, whereln said
cap oomprises a second long axis and s perpendicular cross-section shape,
wherein said first end of sadd cap comprises & second planar surface
gerwrally perpendicular to seid second long axis such that substantially sl
of said first planar surface of said shoulder is in contact with sadd second

plansr surface.

. The closed system aryopreservation device of Claim 8, further

cornprising & orystal polystyrens,

18, The closed sysiem oryopreseryvation device of Clatm 1, further
comprising 8 frst angle defined by 8 decrsase in dameter of suid
frusteconical hoss and a second angle defined by a decrease in dismeter of
sadd Srustovonical space, and wherein sadd Hrst and sevond angles are

substantially equal

11, The closed system coyopreservation device of Clairn 10, whereln said

fivst and second augles are no grester than about 1.5°

130 The closed gystem oryepreservation device of Clalm 11, whersin said

firat and sscond angles are ahout .55

et

3. The cdlosed system cryopreservation device of Cladm 12, wherein saild
hody comprises a Hst long axis and a perpendicular oross-section shape

and further comprising a shoulder digposed hetween the base of said

11
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rustroconical boss and having a first planar surface genersdly perpendicudar

to said Brst long axds,

14, The closed system cryopreservation device of Claim 13, wherein suid
oRp comprivey v second long axis and a perpendicular crossesection shape,
whereln suwid first end of sadd cap comprises a second planar surface

generally perpendioular to sald second long axis such that substantially all

of sadd first plasar sweface of said showlder is in contant with yadd secnned

planay surface.

5. The closed systemn cryopreservation device of Claim 1, wherein said
frustoconical boss comprises an ontside dimmeter and said frustoconicad
space comprises an inside dameter, and whereln said insider diameter is

greater than sald outside diameter by o more than about 6. 1%.

12
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