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eservation and Bankin

+ jines have been used by research laboratories since the

It

" ee Table 1.1). Efforts were made to collect cell lines at
d freeze stocks for later use. The early cell lines
< fozen in glycerol, since it was shown as early as 1949
Jycerol prevents cells from dying while being frozen
«et 11 1949). Cells frozen in glycerol were later found
:_ﬂ:uin viability after prolonged storage in liquid nitrogen
Coriell et al. 1964; Greene et al. 1967). Using this approach,
22 Cell Culture Collection Committee collected an initial
.- of 23 “certified cell lines” for deposit at the American
Tipe Culture Collection (ATCC) under accession numbers
“(I-110-25 (Coriell et al. 1964; Ledley 1964). Participating
oratories tested all cell lines for microbial contamination
=i pecies of origin. Unfortunately, methods to detect

;';.:..\' F“’mge =

“Tapecies Cross-contamination were limited at that time;
““o’these cell lines are now known to be misidentified (see
zpuer 17). However, the overall approach was successful

| “peserving early passage cultures and managing the risk of

“rumination through specific testing. This chapter focuses

= 20w to perform cryopreservation, which 1s defined as

i "f??llcation of low temperatures to preserve the structural

i
i
i
]
B
i

<l

-functional integrity of cells and tissues (Pegg 2007; Hunt

and how to prepare seed stocks or “cell banks” for

‘r’é use (Hay 1988). Although cell repositories specialize

;v'.""l:s;oPTOCcdures, the general principles can be applied in

ey & atory to ensure that unique and irreplaceable cell
Preserved at low passage for future use.

e,

o ey o
:'.1021 oh:“\,;k of Animal Cells: A Manual of Basic Technique and Speciali |
Minjg wﬂ;‘fy & Sons Ltd, Published 2021 by John Wiley & Sons L€
site: www.wiley.com/go/freshney/ cellculturet

15.1 PRINCIPLES OF CRYOPRESERVATION

Unprotected freezing is normally lethal to cells. Freezing of

water and the formation of crystalline ice results in cellu-

lar damage, primarily due to the mechanical action of the

ice crystals and secondary changes in the composition of the

liquid phase (Pegg 2007; Hunt 2019). To preserve cell via-

bility, conditions and procedures must minimize intracellu-

lar ice crystal formation and reduce cryogenic damage from

foci of high-concentration solutes that form when intracel-

lular water freezes. These aims can be achieved by (i) using
a hydrophilic cryoprotectant to sequester water; (i) freezing
slowly at a controlled rate to allow water to leave the cell, but
not so slowly that ice crystal growth is encouraged; (iii) storing
the cells at the lowest possible temperature to minimize the
effects of high salt concentrations; and (iv) thawing rapidly to
minimize ice crystal growth and generation of solute gradi-
ents as the residual intracellular ice melts. Alternatvely, cell
viability can be preserved by inducing a vitreous or glassy
state which prevents ice crystal formation (vitrification; see
Section 15.1.4).

15.1.1 Cryoprotectants

Cryoprotective agents (referred to throughout this book as
cryoprotectants) act to reduce the amount of ice formed
at any given temperature and also protect against other
adverse chemical and physical phenomena during the

2ed Applications, Eighth Edition. Amanda Capes-Davis and R. lan Freshney.
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QO arce the most widely used cryopro-
in which cells
5.3.2) (Polge

f

Gheerol and DMS
ded to the medium

(see Section 1
Concentrations 0

tectants and are typically ad
aispended before treezing
1049; Lovelock and Bishop 1939).
5—10"0 are common. although a wide range
can be used. DMSO should be colo
Jass or polypropylene. as itisa powmfu] solvent and

h impurities out of rubber and some plastics. DMSO
i« asumed to be selfsterilizing but can be filter sterilized
using a nvylon filter. preferably after dilution in medium.
Glvcerol should be not more than one year old; it may
hecome toxic after prolonged storage, due to light-induced
conversion to acrolein. It can be sterilized by autoclaving.
DMSO is typically more effective than glycerol, possibly
because it diffuses more rapidly through cell membranes

‘Coriell et al. 1964). However, its use can cause problems

for some cultures. DMSO is known to induce differentiation

in hematopoietic cell lines (Collins et al. 1979; Young et al.
2004: Jiang et al. 2006). It may also be toxic at the con-
g media (Matsumura et al. 2010).
Toxicity is likely to be a cell-type-specific event, perhaps
relating to intracellular penetration. Some laboratories find
that DMSO is less toxic if freezing medium is used at 4°C;
once added. all subsequent steps should be performed at the
same temperature until freezing commences (see Protocol
P15.1) (Wewetzer and Dilmaghani 2001). There are addi-
tional concerns about its use for biological products with
potential therapeutic use in vivo. DMSO has well-recognized
Gde effects when administered to patients, many of which
are associated with induction of histamine release (Morris
et al. 2014)', Laboratory personnel should also be careful
3,;, };cr:] i?,r::",]]i:,),:,‘:,(,zs v;::‘fhg Cﬂ?‘ pcn(et;aztc mimy synthetic
BN e sy i gl ; :[;:0". .2.2), (.ons'cclucn.tl)’.

. , ances into the circulation
through skin and even through gloves,

are
¢t al.

of concentrations
(2=20%) ess: it must be

\I\‘I‘L‘d 11

will Ieac

centrations used in freezin

. Safe'ty Note. Always wear suitable personal protective
c:qmpmem (PPE) when handling DMSO and check chem
ltﬂ" resistance when selecting gloves. Nitrile glove .
suitable for brief contact but will degrade if :::pu::d“:z

p minutes, S0 gloves S"""ldb
(4
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1"'"'"1””' after contac ,q"m

erns have led to the adoption of
0

PEG, polyvinylp ) \e
pot Hym"“l”rm N
)

v conc
including

:§Y, or trehalose (Suzyk X
h (HES) (Suzuk; g Vi

al. 2010 Tro al,
t al )00). ln]m](,w i 19:

These
npmm't.nns,
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15.1.2 Cooling Rate

Most cultured cells survive best if they are Gl
1 1 deq
—1°C/min (Corlc]l et al. 1964; Leibo and Mazur | )
Zur o,

This is probably a compromise bery,
een i,

Hunt 2019).
ice crystal growth) and sloy
" C0nling

freezing (minimizing
(encouraging the extracellular migration of water). H, . -
) . W
ling rate 1s not Al
g a Strﬂlg’}][r“m‘_:

ntaining a consistent coo
process, as can be seen by the temperature curve ¢h.
nat

generated during freezing (see Figure 15.1a). Formayy, .,

ice crystals is an exothermic process, resulting in a spiy.

temperature and associated loss of viability; this is referres.
as the latent heat of fusion (see Figure 15.1b) (Morris 3“ :;
Latent heat must be absorbed in somie way, either by disper
through the insulating material that surrounds the ‘slméj:
by accelerated cooling just before ice crystals begin toA:'::

mai

(see Figure 15.1¢).
The shape of the freezing curve will vary based oz

number of factors, including (i) the ambient temperature: :
any insulation surrounding the cells, including the crvons
(iii) the specific heat and volume of the crvovial conwrx.
(iv) the onset of freezing (nucleation); and (v) latent bex
absorption once nucleation occurs. The actual coolng &=
in Figure 15.1c is faster than the recommended -1°Cm2
but this may be less important than the control anound =
eutectic point, which 1s defined as th anie
a homogenous mixture of substanc
Seeding ice crystal formation as the cell suspenst

the eutectic point can initiate freezing and improve w0
These factors are explored elsewhere 1 more depth 20
important for optimization of cryopreser\mion F““C“:rt‘,
(Mazur 1984; Morris and Acton 2013; Hubel 2007 H

2019),

"o P

¢ tempermue
AN

os melts or SOuE

on I

id

g

15.1.3 Storage Temperature

»term St°

What temperature should be used for long ot
frozen cells? Storage at —80°C may be sufficient 1
d degrd™”

cell types but results in loss of viability an
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15.1.4 Vitrification
Vitrification re

: fers to the solidification of
which is de

fined ag
lar structure of
with the mecly
2015). R

tion and

a hquid into a glass,
a2 non-crystalline solid with the molecu-
a liquid (strictly, an extremely viscous liquad
anical properties of 4 sohid) (Fahy and Wowk
apid cooling of cells below the T
can be used to avoid ice
cation is particularly use
Their three-

o Induces vitrifica-
crystal formation. Vierifi-
ful for cryopreservation of embryos.
dimensional (3D) structure,
is likely to limit diffusion during
rification is also commonly used for human pluripotent stem
cells (hPSCs) (Richards et al. 2004; Kaindl et al. 2018).
During vitrification, cryoprotectants are typically added
at stepwise increasing concentrations to minimize osmotic
effects. Suitable agents include DMSO, glycerol, ethylene glv-
col, and sucrose. Embryos or cell suspensions are placed in
a plastic capillary tube (“straw”) or loaded onto a vitrifica-
tion device before being placed directly into liquid nitrogen.
Although vitrification can be very effective, it 15 difficult to
perform in bulk and samples cannot be transported afterwards
in dry ice, which (at a temperature of —78.5°C) is above the
T, of the sample and will therefore affect its viability. Over
time, techniques have been developed to allow stem cell cry-
opreservation at —1°C/min, e.g. using Rho kinase (ROCK)
inhibitors to promote survival. A protocol for stem cell cryop-

reservation is included in a later chapter (see Protocol P23.3).

although very small.
a slow cooling process. Vit-

15.2 APPARATUS FOR CRYOPRESERVATION
15.2.1 Cryovials

Glass ampoules or plastic cryovials can be used for cryop-

reservation, Cell repositories have traditionally  preterred

heat-sealed glass ampoules for seed stocks because .thc

long-term storage properties of gh:\\ are well characterized
and, when correctly performed, :\c‘.\\\t\g i ;\lwnlm.c. l-l\\\\'c\:cr,
glass ampoules carry & visk of explosion during thawing
(see Section 0,2.3). Glass ;nupu}llc& have now largely been
replaced by plastic cryovials, \\'l\u‘l} are sater than glass (pro-
vided they are rated for cryogenic s(fm\gc) and are more
convenient and easier to label. Cryovials are usually made
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kL ari sizes,
1) Color-coded Cryovials. Polxpropylene cryvon fals of V {l/l(lll.’\ si "
ol . . ) g i
) ine from 1.0 10 4.6 ml.. Colored inserts can be added 1o the cay
ranging fr . .

* R AT " -ies.
help identify crvovials. Source: Courfesy of Alpha Laborarorie
L L .

vovials. Polypropylene cryovials of vari-
Fig. 15.2. Color-coded cryovials. Polypropylene cry

sus sizes are shown, ranging from 1.0 to 4.6 ml. Colored inserts can
« 0N SINg

identity cryovi Source: courtesy of
be added to the caps to help identify cryovials. Sonrce: co y

Alpha Laborataries.

trom polypropylene and are available in a range of sizes (e.g.

-5 ml: see Figure 15.2).

o Sufety Note. Inexperienced users should avoid using glass
ampoules due to the risk of explosion during thawing. If
glass ampoules are used, they must be perfectly and quickly
sealed in a gas-oxygen flame. If sealing takes too long, the
cells will heat up and die, and the air in the cryovial will
expand and blow a hole in the top of the ampoule. If the
ampoule is not petfectly sealed, nitrogen may enter during
storage and cause explosion of the vial during thawing. If
glass ampoules are used, they should be stored in vapor phase
or in an isothermal freezer (see Section 15.2.3).

Plastic cryovials have a screw cap and may have an exter-

nal or internal thread; externally threaded vials are designed

to reduce contamination, while the internally threaded vials
usually have an “O” ring to improve their seal (Ryan 2004).
Both require the correct torsion for closing, as they will leak

1f too slack or too tight (due to distortion of the “O” ring). It

is worth practicing with a new batch to make sure that they
seal correctly. Cryovials can be checked for leakage by plac-
ing them in a dish of stain, e.g. 1% methylene blue in 70%
alcohol, at 4 °C for 10 minutes before freezing (Ryan 2004).
Cryovials must be clearly labeled using a method that
\‘vﬂl survive prolonged periods of time in cryogenic condi-
tions. Remember, cultures that are stored in liquid nitrogen
may well outlive you! At the very least, they will outlive
your stay in a particular laboratory. The labe] should show
the cell lines name or numerical identifier and, preferably,
Ithe da.te, Ppassage number, and yser’s initials, although the
e et s g e U
ol-resistant or 3 cryogenic

d to withstand liquiq ity
Oge

hat s rcp()r[L‘

Jabel Cryo-Babics, Slg’lllfl—/\ldrlch_‘ F“LZ”Bm,d?-:l w0,
(t.&'l £ [11[)’]”/\(; cryogenic l‘ll?d\’ ('_A l”tt‘fnatir)n'-l |;n\,j:lh
Brady: L rinting remains legible ay g the l'[’l ). ’\l'\,l

e ifthe p . : a
test Lo see - 1. This ¢z ; el My
fter handling N be dong r“lmi

semly adherent 4 :
firmly a al with alcohol, storing iy, Vi

.J cryovi . i

the labeled cryo g Bl 1 cry(,fr]r’lh-,

i i -ater bath. o

Ang i a W ‘ ,

and thawing s B »
Some tissue culture labor: use ,Kldlth

that labeling remains intact fo, the lirn(‘-ll:‘
{ its records are rapidly accessible, Such, , Ty

Suck |
{ barcodes to the Cryovi, LW

to ensure
cryovial and oo "
include adding printe | Ty il o o,
. e abels that were added dyy; .
with pre-existing lal T NG B
Commercial sample m;m.li_,U“Lf SYstems are ;‘V"il»lhltl"“lr«
barcoded cryovials and compatible barcod, Feader, €
racks. and software (c.g. FluidX, Brooks Lifs 5 Iy,
' c > » n‘ " ¥ Q
Laboratories may also develop their own um(’”“’/cd fic,
Cd g

standalone electronic databases, barco, Softy M

using - A : ",
printable labels. Customized systems are likely ¢, be o

and specific to your needs but will take tin)e and g, !
to make the various components work togeth e Pen,,
additions are also helpful; for example, coloreg Ca.g
inserts can be used to identify stocks that are reserveg f‘:r Gy
banking procedures (see Section 15.5). OF e

Always check that your cryovials are Compatib)e i
cryofreezer and its storage system (see Sectiop 15'2.3) the
current systems are designed to accept 1.2-m] Cryovial
are commonly used for storage. It may be difficuly ¢, 5 Clu.
ovials where additional material has been added, sy, % C;
oflex™ (ThermoFisher SCieIltiﬁC). CYYOHC‘X Is rec()mmemdi;
when cryovials are stored in liquid phase to minimize the ri;
of explosion or contamination (see Section 152.3). IfC;\,;
oflex is used, it is heat sealed in position over the vig] before
freezing, with the cryovials placed on ice to prevent 0\_&;
heating (Wewetzer and Dilmaghani 2001). Cryoflex must ke
removed before thawing; if left in position, it will sloy thaw-
ing and may allow contaminated water from the water by,
to be trapped between the Cryoflex and the vial.

Can.,

Myl

Mo,

15.2.2 Controlled Cooling Devices

A controlled cooling rate (see Figure 15.1) can be achiewi
using a controlled cooling device. Tissue culture laboratoris
Use an assortment of cooling devices, including;

(1) Foam insulation. A polystyrene foam box (~ 15 mmwil
thickness) can be used with the cryovials placed inand
or lying on cotton wool. Alternatively, a foam rack &
be used with 3 second rack taped over the top (¢ ads
supplied with Falcon 15-ml conical tubes #C32 |
Corning). The insulation should be sufficient for @ |
ovials to cool at —1°C/min when placed a it
~90°C but also absorb the latent heat of fusion- Po.ni
boxes can be surprisingly effective, but this effem@i
may vary between boxes and between different 0%
inside the boy.
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‘,.,lﬁ.l.‘v:ln.c container (see Figure 15 3
| A"”"' als e available to suit differene l'l'\';;:'). iia
) Cpumbers. Lreezing containers .“\‘l,n S1zes
poat —70°C or =907y devices 'n: ,N‘“Td
ol (CB M Frosty ™ Thermolishe S(‘-‘iy. H‘c.o(]
|~"|‘“‘l. l[‘c .lll"‘h“l'm‘v (_L"F" CoolCell" ¢ JOrnin ')kl\‘“h()
. m.l\] |'“-v1i”.“ containers usially produce f_:" “om-
In““l.:\l |\|‘\lilt‘\ but have some h”\il‘-llion\_ S8 'l\‘\:‘\\luh.‘
2 ACC 1y

et et pumber of cryovials,

hl“ll\“,mmnmbh' pate=controlled freezer (see Figure |

N m'.\”“\\\ ereased reproducibility, .u'ti\\-‘(-,,;l_s\“‘)'.
e ',i-cl\“."* ProCess, and handling o Large \-n]ll:: l‘“
o0 cyyovials or cryobags contiining > ‘(,:;:;‘1

- G 4 s .
k‘ ool L2010 D). Users can monitor temperaty
W « ol - . ature
(N g ampld probe and adjust the freezing cuy
i LAt - oz - . £ ve
da Jing the freezing progrum (see Figure 15,1 )
o ¢ < S ]iE).

Iy D Tl & - Yyl 4
n _nnu_o”ﬁ{ freezers are available rom several sy
N R o S ]P_

pate e Custom Biogenic Systems, Planer PLC
ers » Planer PLC, or

]1 ‘rnml:i\l““' Seientific). These devices typically work

R ] e .

1 G hqmd nitrogen into the sample chamb
S - 4 . d er at

e rates. response Lo a preset freezing program

[mgcn-ﬁ‘cc devices are N ’

also available that utilize
“ Sosed-eyele, regenerative heat engines as a
; 1o cealed heat transfer system (e -

(\ﬂn}\]cul} _\Lalu_i ; er system (e.g. via Freeze™
mms]lcd""‘w freczers, GE Healthcare Life Sciences)
‘ S

(s perform viability testing to ensure that the device

grsfactorys particul;u-ly when freezing a new cell type or a

Ly cell lne (see Section 15.4.4). Poor viability is addressed

‘ ‘ oking at the entire cryopreservation procedure (see
gion 1549 Even small details are important, such as the

: «zh of ime spent in the freezing container. If cryovials are
Ledina freezing container at —70°C, they will cool rapidly
{ ound _50°C, but the cooling rate falls off significantly
| erchat (see Figure 15.1a). Hence, the time that they spend

-t —70°C freezer needs to be longer than the amount of

%

e projected by 2= 1 °C/min cooling rate, as the bottom

e curve is asymptotic. Freezing containers should be
iz the freezer overnight and cryovials transferred to the
ieezer on the following day. Cryovials will heat up at a

e of 10°C/min when removed from the freezing device.
" critical that they do not warm up sbove —50°C, as hey
il sart to deteriorate, so the transfer to the cryofreezer
must ke significantly less than two minutes.
- Further optimization of the cooling process is discussed
tewhere (Hubel 2017). A programmable rate-controlled
feezer i useful, if available, to analyze temperature data
ad adjust the freezing program (se€ Figure 15.1). Freezing
$f0gr31115 typically consist of a serics of steps, including
:;uaililll(r)if:lg_‘PeriOd to a'llow th'c samples and chuml:c:ct;)s
toge g thé (i1 slqw co.olmg‘ .untll ic smpplc ;cmpljra OL; .
0 Indyce ne Ui poig (ii) a brief period of rap! c : g
ucleation in the sample and Jbsorb the latent

Bt of e 5 ; o
usion; (iv) a brief period of rewarming 0~ 0°Cto

CR
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n

Flg 15.3. Freezing containers. Insulated blocks with spaces for cry-
ovials. (a) Mr. Frosty (ThermoFisher Scientific), which relies on t’;\c
specific heat of the coolant (isopropanol) added to the base to insulate
the container and give a cooling rate of approximately —1 °C/min.
(b) CoolCell (Corning), which relies on an insulaung outer housing
and thermoconductive solid core. Source: . lan Freshney. i

correct for supercooling in the chamber; and (v) a return t©
slow cooling until the sample reaches —60 °C. Each step can
be edited to optimize cryopreservation for various cell types.

15.2.3 Cryofreezers

Mechanical freezers can be used for storage at ulralow tem-
peratures, butaccesstoa mechanical freezer may resultin tem-
perature fluctuations as high as —30°C (Simione and Sharp
2017). Liquid nitrogen Dewars or freezers (referred to here
as “cryofteezers”) are preferred for storage of cells and tissue,
ensuring that correct emperatre conditions are maintined
with maximum stability and security (Coecke et al. 2003:
Simione and Sharp 2017). Various cryofreczer designs may be
used (see Figures 15.5, 15.6). Tissue culture laboratories often
have more than one design; a new cryofreezer My be pur-
chased to add to existing storage capacity rather than replace
the previous model (see Figure 15.6¢). The various designs
aftect how samples are stored and how cryofreezers are main-

tained.
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e These crvostorage boxes and racks are often used witl,
vy ) . :

V7 that have permanent unique barcodes on their base
“'“. whichcan be read by many automated systems, Si3S

"“l\]d‘“j\'u\‘i.‘ils and boxes are available from several S}ﬁéil\li#
o FluidX. Greiner Bio-One, Micronic). .
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it
'(‘r)"]/.’"‘ =t n?u"Mt‘("ndm:(’i ‘ ~ljllc . mvestment in  the
ol cryofreczer may e considerable and must be
:‘:‘_“‘d by ongoing nmm?enance and automated monitor-
'.—\,\tnd Jlarm sySteIns. Maintenance should include regular
\1] of ice crystals on the lid and other accessible loca-
" e is the enenty of all frozen storage and will increase
& of equipment breakdown and contamination over
' Aways TepOTt cryofreezer faults promptly for repair
. quned and competent personnel. Never adjust liquid
e connections Or carry out repairs yourself unless
. e mained and competent to do so safely. Otherwise,
-‘.f_n‘;_v;;' can lead to catastrophic accidents (Lowe 2006).
\lonitoring and alarms are best carried out using an equip-
ez alarm system with independent temperature sensors (see
w=on 4.3.2). At least one sensor should be positioned high
- chamber to act as an early warning system for rising
szmher temperatures. Temperature and alarm information

23 be accessible remotely so that laboratory members are

P

imed 10 problems at an early stage, e.g. if temperatures rise
ame-130°C. Cryofreezers that are currently on the market

<y include monitoring of temperature and liquid nitro-
evels; these systems are designed to minimize the risk of
' ¢~ orfailures and may have auto-fill cycles that are triggered
ud nitrogen levels reach the set low point. However,
,'".mring systems may still fail, and failures can be difficult
'.: “tect if cryofreezers are infrequently accessed or posi-
| ‘j 2way from the main laboratory. Contingency planning
" dways cover loss of sample integrity due to cryofreezer
: f:"—m' €g loss of liquid nitrogen supply. Simple measures
. P adopred to manage the associated risks, including stor-
;:‘implﬁ across multiple cryofreezers and arranging offsite
8¢ (see Section 4.3.1)

.

|
 REQUIREMENTS FOR CRYOPRESERVATION

3

%ﬂ }Nhen to Freeze

Q]“inese tertain requirements that should be ki
¢ considered for cryoprescrvation (see Table 15

met before

c
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E‘:;::;iI‘i:i‘(‘ln)\()r\:;l\llt'lt)( )7]; |".1.1'kc1' 2()'1 1. Tl?c most important
llL‘.llth on rnul‘inlc ol:: -‘rl,L fllhurc It,\?m Seelisrshiosild appear
should be in an cxpt)llt-:u\ir.\“‘(-‘ln (:Cvl [.\Nc‘l —%.3)'. The Cll'hurc
1) (Terasima and Y\\llk.ll / (;5)7'}7‘ HI\;‘ o i—"H')l\l\ [h' (T‘: "T‘iu’m-c
0 become (».,”nm.“l‘ , |. \? a ! ). Do nota vn\\‘. llAL cu tfnc
Whera Viabilice & o ,'l",]( (ntu_ its Pl.m-.m phase of growth,
2007). The (‘C\l/l i,; IL ‘y to be nnp,ﬂmicd (\-.t.u‘cy.;\nd Dowall
Bitraio C‘“}"h( ‘&7 S u:nhl be suﬂif'wnt _fnr a high cell con-
ach cryovial (see Section 15.3.3).

lhcl“lr‘;\v}:()‘l‘]’l:]H‘h)lul\(l a (}’uuurv be frozen after ilvs ‘in('cpt'\rm? lf]
for cclis . A“I“_l k UP(IITH’/L‘ the culture _u»mlmons and wait

o proliferate before you start to freeze down samples.
F].mw celllines are grown to around the fifth population dou-
bling (see Section 14.2.2) in order to generate sufficient cells
for freezing, However, in practice, you may have too many
cells to handle in the time available or you may be concerned
tllf”tt the culture or its properties will be lost with further han-
glmg. Many tissue culture personnel choose to freeze down
token” vials whenever additional cells become available at
subculture, e.g. plating half of the culture in a new flask and
freezing the other half in one or two cryovials. Token vials are
particularly useful if you discover a problem with the culture,
e.g. if later authentication testing shows that it is misidenti-
fied. Preserving early passage material gives the best possi-
ble opportunity to understand the cause of the problem and
hopefully retrieve authentic material.

Continuous cell lines usually grow rapidly, giving no short-
age of cells available for freezing. It may be tempting to reserve
cryopreservation for “backup” of the cell line after experi-
mental work is complete. However, experienced practitioners
have found that it is far better to freeze cells first and per-
form validation testing, resulting in a reliable source of cells
for experimental work (Stacey and Dowall 2007). Cell bank-
ing procedures are discussed later in this chapter (see Section
15.5).

15.3.2 Freezing Medium

Freezing medium refers to the solution containing Cryopro-
tectant (see Section 15.1.1) in which cells are suspended
during cryopreservation. The choice of an appropriate
freezing medium will depend on whether the cells require
serum (including many continuous mammalian cell lines)
or can be grown serum-free (including normal/cancer stem
cell cultures, certain types of suspension cultures, and cells
used in human in vivo applications), 1f serum can be used,
freezing medium will typically contain cryoprotectant, basal
medium, and serumatan increased concentration (20-50%0).
The addition of DMSO to basal medium normally increases
the pH; it may be necessary to gas the medium with CO,
or adjust the pH prior to use it basal medium s present
(Morris 2007). Alternatively, 90% serum can be u?‘.cd with
cryupmtcctant and no basal medium. Serum provides b.et—
ter prolcction and pH control, and serum-based freezing
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TABLE 15.1. Requirements before frf{gf@;_,,/~//m

Status it

Primary culture

Culture
finite cell line

Continuous ¢ ell line

5 Y
Standardization Protocol

Freezing medium

Medium
serum (if used)

Substrate

\alidation Provenance
Viability testing
Other

Transformation
Other

Characterization

7 3 . . o
medium can be dispensed into aliquots and stored at =20°C

tor later use.
Selection of freezing medium becomes more challenging

if cells are grown in serum-free media or cannot be individ-
ualized to form a single-cell suspension. For example, hPSC
aggregates are more sensitive to supercooling and vary in their
permeability to cryoprotectant, making cells more vulnerable
to damage (Li et al. 2018). Various reagents may be added to
improve hPSC viability, including ROCK inhibitors and tre-
halose (Claassen et al. 2009; Hanna and Hubel 2009). Serum
mayv be substituted with various reagents, including human
serum albumin (5%), methylcellulose (0.1%), Pluronic F63
(1-5%). and PVP (3%) (Merten etal. 1995; Gonzalez Hernan-
dez and Fischer 2007; Hanna and Hubel 2009). Optimization
of the freezing process will be required and should extend to
the freezing curve and the subculture conditions used (Liu
and Chen 2014; Li et al. 2018). Adding 50-90% conditioned
medium (serum-free medium in which the cells were grown)
to both the freezing and recovery medium may improve the

ost freezing recovery and survival.
S

15.3.3 Cell Concentration

Cells appear to survive freezing best when cell suspensions
are frozen at a high concentration. This is largely an empiri-
cal observation but may relate to improved survival if cells are
leaky because of cryogenic damage. A high concentration at
freezing also allows for loss of some cells without impairing

Criterion . , oxcess for later use but viabilj
S 70 CX
i free y may b

ken number of cryovials ag ¢ “Dog™

freese 10 . arly 4
increast number as cells proliferate s [’Uwhl
.
Use cell panking approach; repeat wi, dor: ,
lonal populations Watjy,.

lines, €8 ¢ N
lop srandardized Operating Pro edure,

Deve ) .
ion and optimize for Vidhilny b

7 r\,/r)pr(“*"’v'"
mal freezing medium (see g, i
tion 1-
IRy

[

gelect opti
1ot optimal medium and adhere o y; ,
Select ol his SClecy,

select a batch for ongoing use (see Sec g, p fon
select one type and supplier, although 72,
one size or configuration
Keep records on cell line, cryopreservaic, )
thawing (se€ Sections 7.3.1, 15.7) .
Test viability during thawing and/or 24 hour
plating (see Section 15.4.4)
Test for authenticity and microbial Contamingg,
mycoplasma, sterility testing (see Sections 1 P,]n, "
ALY

17.2.3)
Determine transformed status (see Table 3 3,

Test for other characteristics depending on the. cel|
and intended use ell by,

NeCesg

|

S aff{.r

cloning efficiency (which tends to decline at lowe; 4.
and increases dilution of the cryoprotectant whep mﬁdw‘,‘“

il

added after thawing (which reduces toxicity and mg, i
centrifugation unnecessary). The number of cells ﬁOz:-‘
cryovial should be sufficient to allow for 1:20 dﬂuﬁe;r-—_
thawing to dilute out the cryoprotectant. It is also 'lmvcr\;‘--
to keep the cell concentration higher than at normgl},l
(Morris 2007). For example, for cells that are normall .
saged at 1X 10%/ml, 1% 107 cells may be frozen in 1:
freezing medium and the cells diluted to 20 ml after thr‘;
This would give 5 X 10° cells/ml (five times the normil et
ing concentration) and dilutes the cryoprotectant from !

to 0.5%, at which concentration it is less likely to be
Cells normally seeded at 2 x 10*/ml can be diluted 1: 1002
give 1 X 10°/ml and a cryoprotectant concentration of !

15.4 CRYOPRESERVATION PROCEDURES

15.4.1 Cryopreservation in Cryovials

Protocol 15.1 is suitable for most continuous cell line f
some cell types will need optimization of the freezil}tl e
(see Figure 15.1) or other conditions. Most cells are trozet®
DMSO but there are some cells for which glycerol is.preterAﬁi
(see Section 15.1.1). Protocol P15.1 is suitable for euhert‘ﬁ“ z
oprotectant and may be adapted for use in training (¢ >
$30.13).

Yiel i
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/ 'r|'rypsinize Monolayer ang
€suspengd cells in medium at

cells/m|

Add freezing

medium containing
Cryoprotectant

Add cells to
prelabeled ampules

(a) Insert the
cryovials into a
freezing container
(see Fig 15.2)
and place in a
—80° C freezer
for>4 h

Or (c) clip the cryovials on to an aluminum cane,
insert in a sleeve, add insulation
(e.g. an insulating foam tube),
and place at -80°C for at least 4 h

Cork or other Sleeve, cardboard, or

i i transparent plastic
m,S ulatinig Cork or other
. insulating

plug
Or (b) transfer the

cryovials into a

rate-controlled ; /
freezer (see Fig Insulating tube,
15.3) and cool to e.g. pipe lagging

-80°C

|

Transfer rapidly to cryofreezer
(see Fig. 15.5)

is added, and the cells are aliqqued
be slowly cooled: (1) na free.zmg
e.g. pipe lagging surrounding a

nized, freezing medium
i 1 1ls ma
using a controlled cooling device. C;e llmzn ;
zen . or () using foam 1St . pipS gsurrounding
polles leted the freezing process (see Fig

: ells have comp
CIIPPCd)f: C::;iocthe cryofreezer for long-term Storage.
y transter

Fig. 15.7. Freezing cells. Cells are trypst

into cryovials and fro
container; (b) in a rate-
cane to which samples ar¢
cryovials should be promptl
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Background

pended in freczing medium instead of plating

Protocols P14.2,14.3). The passage number will
increase by one to indicate that subculture is per-
formed, but stays the same when cells are thawed
(Parker 2011).

Outline

Grow the culture to late log phase, prepare a
high-concentration cell suspension in medium with
a cryoprotectant, aliquot into cryovials, and freeze
slowly (see Figure 15.7).

< Safety Note. All personnel working with
liquid nitrogen should be trained to do so safely
and wear suilable PPE. Wear a closed lab coat,
face shield, and insulated gloves when handling
frozen cryovials (see Sections 6.2.3,6.2.4). Wear
chemically resistant gloves when handling DMSO
(see Section 6.2.2).

Materials (sterile or aseptically prepared)

o Culture to be frozen

O Freezing medium (see Section 15.3.2), stored in
aliquots at —20 °C or made up fresh

O Universal containers or centrifuge tubes

o Pipettes in an assortment of sizes, usually 1,5, 10,
and 25ml

o Syringe, 1-5ml, for dispensing glycerol if used
(because it is viscous)

o Cryovials, 1.2ml

Materials (non-sterile)

o PPE (see Safety Note)

o Biological safety cabinet (BSC) and associated
consumables (see Protocol P12.1)

o Cell counting equipment (hemocytometer or
automated counter; see Section 19.1)

o Controlled cooling device (see Section 15.2.2)

o Forceps (x1), for moving small items in the cry-
ofreezer

O Dry ice

o Cryofreezer database (see Section 15.7)

Procedure
A. Before Cryopreservation

PROTOCOL P15.1. FREEZING CELLS IN CRY OVIALS

Cells are frozen at subculture, where they are sus-
to
new culture vessels. Othenwise, subculture sho Id
be performed as per usual for that cell type (see

1. Examine the culure for ce _:C_._u_:“_:m«»
fluence, and freedom from n::..:j:ﬂ:c:, C
chould be healthy and subconfluent r.h— _m:m
log phase before plateau;  see Figure Eﬁm
proceed if these and other requ menty .Mv.
cryopresery ation are met (see Table 15.1). or

2. Prewarm reagents for subculture and thay,

ing medium (if stored at =20°C).

3. Prepare a work space for aseptic technique usi
a BSC. ng

4. Perform subculture as per usual for that ce|| ,,
to give a cell suspension. ¥Ype

5. Count the cells with a hemocytometer or an o
mated cell counter. If cells have been mccnc_E:M

e flasks, combine them at this Point
to give a total cell count that will be used to gen.
erate a consistent batch of cryovials.

<on.

freg,.

B. Cryopreservation

6. Calculate the cell yield and the volume of freez-
ing medium that should be added for the required
cell concentration, usually between 2x 10 and
2 %107 cells/ml. This volume will determine the
number of cryovials that can be frozen, eg. at
1 ml per vial.

7. Label the cryovials with the cell line’s designa-
tion, passage number, cell count, date, etc.

8. Bring premade aliquots of freezing medium to the
BSC or make up fresh, using either DMSO or glyc-
erol (usually at 10%) with medium and/or serum
(see Section 15.3.2).

9. Add freezing medium to the cells and mix gently
to resuspend, e.g. by inverting the tube.

10. Aliquot 1 ml cell suspension into each cryovial.
Cap each cryovial with sufficient torsion to seal
the cryovial without distorting the gasket.

11. Once the cell suspension has been fully trans-
ferred or you have reached the required number
of cryovials, transfer all cryovialsto the controlled
cooling device for freezing.

12. If you have any remaining cells, consider how
these may be used, e.g. for validation testing.

C. Transfer to Cryofreezer

13. Check the cryofreezer databasc or other records
to look for available spaces .
14. Remove cryovials from the controlled cooling
device and place on dry ice. Bring 10 the Qﬁ
ofreczer, Put on PPE for working with lig!
nitrogen.

a the cryofreezer and navigate 1 the

el / . ) empt
15 qunnm that were previously identified. Place “_._w
m_q ovials in the correct locations and record the
nov\oaiaom of each cryovial,
c

o {he box, Q_‘ms\.cs Or cane to its correct Jnca-
16. I you are working with racks that use a pin
”__u keep boxes or drawers in place, do not forget
o return the pint

., Update the records in the cryofreezer database
e (see Section 15.7).

otes
M% 5: Some tissue culture personnel do not count
cells at each passage. If you do not, always record
he size Of vessel that was used; if you freeze cells
from a 25-cm? flask; the next person s likely to get
esults from thawing cells into the same sized
(Parker 2011).
step 9: If freezing medium ‘is added at 4°C (see
section 15.1 .1), place cells on ice from this point
onwards. Otherwise, you do not normally need to
place cryovials on ice. A delay of up to 30 minutes
at room temperature is not harmful when using
DMSO and is beneficial when using glycerol.

step 10: The volume suggested here is for 1.2-ml
cryovials and wi | vary with the vial size. If mult
ple cryovials are used, take care to keep the cell
suspension consistent, e.g. by gently mixing at reg-
ular intervals during aliquoting. Do not use a large
pipette, as the cells will fall with gravity and later
cryovials will have fewer cells. -

Step 11: If a foam box or commercial freezing con-
tainer is used, leave it overnight in a freezer between
-70and —90 °C and transfer cryovials to liquid nitro-
gen on the following day.

Step 12: Leftover cells are representative of that
batch of cryovials and would indicate if any micro-
bial contaminants have been introduced, e.g. during
aliquoting. These cells are particularly useful for
sterility and mycoplasma testing (see Sections
11.8.1, 16.4.1).
Step 15: This -

Lisier must be done quickly
(< 2minutes), the cryovials will reheat at
~10°C/min, and - cells will deteriorate rapidly
if the temperatu - 11cs above =50 °C. When trans-
ferring mul iple <amples, it is helpful to have two
People at work  one to handle the cryovials and

the other to record their coordinates.

H_m.i Cryopreservation in Other Vessels
“TYopresery,

—:.c/..—r_ri
they cqpy be

ation may be performed in ather vessels, e
J : . A VEeSHCLY 7
Crack used safely for frozen storage (some VeSS frozen
¢ s have bee
orexplode at low PS:?._.,:EQ. Flasks have been1r

CRvC .
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PMSO

15.4.3 Thawing Stored Cryovials
The procedare used for thawing ® an mmporunt part of
preserving viability. The cryosal should be thawed rapidly at
the cell line’s normal growth temperature (typucally 37°C), o
minimize intraceliular ice cryseal growth doring the warming
process. This can be done pung a water bath or a dry heat
block, provided heat is rapadly transferred from the dry block
to the cryovial. After thawing, the cell suspension should
be diluted slowly to avoid esmonc damage that may reduce
viability. Some ossue culrure personnel cenmifuge the cell
suspension after dilumon. parnculady if cells are sensitive
to cryoprotectant (e.g. some suspenston-growmg cells) or
if toxicity 15 a concern for ler appheanons (see Secuon
15.1.1). However. if the cell concenmanon has been selected
to incorporate 3 smuble &lunon factor (set Secuon 13.3.3),
centrifugation can be omutted and the mediom replaced once
cells have amached. Cells should be resecded at a relanvely
high concenmtion to opaumEze rECOVETY

PROTOCOL P15.2. THAWING FROZEN CRYOVIALS

Qutline
Thaw the cells in the cryovial rapidly, dilute them
slowly, and reseed at a high cell concentration (see
Figure 15.8). ) :
& Safety Note. All personnel working with
liquid nitrogen should be trained to do so safely
and wear suitable PPE. Wear a closed lab coat, face
shield, and insulated gloves when handling frozen
cryovials (see Sections 6.2.3,6.2.4).

Materials (sterile or aseptically prepared)

o Frozen cryovial .

o Complete culture medium e

o Centrifuge tubes, 15 ml (if centrifugation 1s
required) )

o Pipettesinan assortment of sizes, usually 1, 5,10,
and 25ml
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