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Storage and use of cord blood

Young-Ho Lee, MD

Department of Pediatrics, Hanyang University College of Medicine, Seoul, Korea

Cord blood (CB) has been used as an important source for hematopoietic stem cell transplantation and has been
stored in public CB banks (CBBs) worldwide since the mid-1990s. Recently, the application of cell-based therapy
using CB has expanded its clinical utility for various refractory diseases and immunologic diseases through the
manufacture of mesenchymal stem cells or induced pluripotent stem cells and the isolation of mononuclear cells
from CB. In this review, | briefly summarize the biologic characteristics and banking process of CB, as well as the
current status of public and private CBBs. | also review the current status of stem cell transplantation and cell-based
therapy using CBs. Finally, | suggest strategies of banking CBs in anticipation of future medical advances.
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Figure 1. Cord blood contains hematopoietic stem cells as well as multipotent stem cells such as mesenchy-

mal stem cells which have the ability to regenerate numerous tissue types. RBC, red blood cell; WBC, white

blood cell.
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Figure 2. Cryopreservation process following separation of mononuclear cells from collected cord blood. (A) =l
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After removal of the newborn from the operative field, the free end of the cord was wiped with betadine to S e o e
ensure sterility of the collections. While the placenta was still in utero, the umbilical vein is punctured and the Al Eet, EEehE YyoR Yeny
cord blood (CB) is collected by gravity in the collection bag. (B) The CB unit is first centrifuged. (C) The white 30 % 1o =] -

blood cell-rich supernatant is expressed into the original collection bag and the plasma discarded into the H A g F7IRE BrRsoi, @A)

satellite bag after a second centrifugation, leaving a volume of about 25 mL. (D) Cryoprotectant, 10% di-
methysuloxide is mixed with separated mononuclear cells from CB. (E) Processed CB units are cryopreserved
using an automated microprocessor-controlled rate freezer until -90°C. (F) At the end of the freezing proce-

dure the cells are stored in the liquid phase of a liquid nitrogen freezer.

el FEIAV S EHHES DS 85 B

(1) Szl Bolo] B wkx] Era) olw, A4
Wl FAREE W A3 A Fre] Acide]
o so7 3t the, FHO| £Y4E FIT AR
A vhc,

©) A e T2 A 7, doe) e A
2 ) 918 2 of H912 T whEoR Be ¥,
oF 35 A o AFUE TEo] hgAleL A Aol Tk

(9) At mghu) o] AU, AW, AL, A
wolE 50| AUE 78 5 AYELHOR 0|58 urA
2425 "C)ol A Bshe, 23] 5 36417F o|ufe] ol

(10) AHO] FHL oF 10-15 mL AFste] AHE 7|2
ot & Adig Haho] o] Bakdict,

AdEe 4717 Zash] feide S7ME 48 2

23,59 BV} HEL T A9
ohE 23
WERBSI} Ao A1 A
A5k ox7} 30del B33l uhio] 23 59740 A7
7} 90, A4 Slol A A4 ¢
7o Busha JeH10], 2e] ATl E WER
7)ol weba] AE ZEmAjEo| 4] (o]} AljEo]4)
of Aoz ool ghis A0 BT QIeH11],

lﬂ—i A&
5|

O

M2

AFTE A D T e A7 EBSIL Q= 3o
Al e-2ole}, At Hat==A] 3 AR=A]of| w2t
A, NISANE L 7ISARE 2P o= R, A
S Aol ZISANE A 52, TIEAdE B
183t0] A LYGHIL Jlom, ARES /AL Q= AR
o]l ZofstAY Al E-L-3 ol 23 =t shd, AlhE

S 715 o SR 5 Gl WS S 4 9k

Mool 2t 28

559



J Korean Med Assoc 2018 September; 61(9):557-565

1. 7|SHIcHE 2

7|SAIHE 2o =t v A
SO Al -3
il

E25)7 gt} RERA|ELo|Aof AR YJ5te] Haks)

2 < 8 g2 of
7P w2 ke vA)7] gii2el[12], WE R Mol Alhd
o e SHINEFE 7SR YeEdsha 3o =
FrLA|szol o] F=2 2-8517] fiste] Haskal Sl Al
ol Ha FAN = Yehupeh 234 o240 n]=t
o] Aoz 59 7N, H9] A= 109 7, F=9] -l
= 149 7l o] dut Bykste s skl Qi —rﬂurﬂ}oﬂfﬂi

2011 A ehe] 9 o]l wIE o] AYE oo
= 79 7l o] TR EZSE 7HA= AldEnt $siE
wataL loi13], 715AIHE ] &8 55 aLEste] 7|
22109 7 o|ako = AFgFRA Zo| Qtt w3 7)1Z2A Y
2ol Bstr| fleixle S 4= ol9foll Aaw

&AM S 71 EAQ] BARAL SEslojok l=t), AU
A4
Al

o FAWTE SfiA =7HAIQL Aol 7140
- 23goll thek TARS Al3star qlet,

71 AN E 3ol Hatelo] Sl AldE = 7‘*/‘1]73";‘q
o2 oF 750,00017F HH, o3t Zh=2] 7|SAIHE-E
WMDA (World Marrow Donor Association)2] d]o]€]Al Ei
ol 2] 5lo] lolA, Apte] At of iz 22
At tep 9159] | ZAN B o] §5to] 2ABAE
o14S A S girt. oleiat 1ZA RS 01851l 4]
i &o]Ale Al3sE Al AlAIA .= wijd o 3,000
A o] o] AL QUeH3]. FEuEte] = 1997d ¥
AiE 2ol =7 Altskglen, 20119 Al e
2 Aotol et RE AIFY o] S E = w7z A A
HE= H71R Al 238 53Lof] 2F 50,000H912] 715:A
thgo] Haykefo] Qlet,

2. 7IEEM =2

ZIEA G 23 Aol Al 1S 9Jste] ARgat

560 ciztenEslx|

S RS HAFIL W YeEPsle] Fi Folet, 7
A E S AAA] FH o= vj=g vEste] 4 Al
ACR Y=L lon, vt ME 1997d 58 A
AU7] AlArste] @Al 17350] 7HEAd Ee] oF 500,000
9 olge] Aol Hatwjo] itk 7HEAIHE 2] e
g 3 FAE]o gt ot S gol o] fAIE, 92
ute] 7-polls 201149 AlgE A g e 9 ol et
HES 272 S7Hd Aol B AtE 239 By
Aol digt F2aeE AstaL gl o 7IEAIHE
230l EEAE FaAgo] disiH = =] W7l SHA]
ul #Ae] HEskE x| el 2E mA|Lo]a]of 285}
7] flato] Het7| ek, vl ofetol M o] 28 A
o By QESH B3 Ao Rusiths Ao] o5 3

e

o

o3} o2 Azlsle) weba, AgEe e Ts]E 9
Sh= Z9ole 4 AdiEegEe] Hakxd W g 58 &
5] WA Flofl A4l 2ol S AR E 23 AEs)
= Aolet,

Moo &8

Al Bohs wiSelut 2RAEY A, W 5
S WSeld 4 9l FUG/INET} Bolgl] o] ¢
A e @7 Rolol gol BT Yrt ol
o2 gre dolelt 5 sl 251 Gl Aol
4 ool tsha] Awsta, @A WY HAR 1Y F

2o}s} 7|27 Rolol Al vlfietel ] A

et o

30| 7RI} 1A SRl sl gk
o] Ay Lol AT, AEe BEE
ol el Se1s) |2 AR R 499 A
Adh@ 2ol Bgo] gl A IANEL olgshe 49
7t ik, @ ofote] whao] ule} @ o] B omef phe
i} YA, A Aol okl
A9 oy to] SAINES S Agaka glom, 4
VAR oot At o it 2 A%

23o]] HEo] Q= AN EE o8l 2B A E



o]4] Holo] o} §EITH= ololr|i= A% A7t B4 B 4
7hEE 2ERAEAE ART 4 G AT B
AT 4 92 Aolet, TR, S AL Bt
28 o] 43 A7t £BRA TN L YrFo|} Ui 11
PEYgolls AGET YA, F4 T2 W 4
U 24 A8k Sl DA AR H]ste] X 24
#o] Y53| PAHIAE QORI HB 2 A 0|
of Hlste] A FA) 9] W] 2gFo] WAL Fols
3 gle}

AEH O R 7ISANE S o= Hr]zo| Z-slck

W kol 2E A EO|ALE ¢J5te] b Wagh Aglelct 1

et HEAI o) 9ol U3 2 uAEo| o] e
92 By Witk

=87 9o omf& :‘aw e

b Sl Sl 344 it
& ol A olfeletl i

FRHOR nefs) B Rl

weh a3
B A

-111

1. MiciEo|Ale] A 3 HHH

AHE of| 2 WA 27} 22FFE]o] 9lom,
B % st e 2ERA|E] 7)ol 3t gtk
ATATE B, AAZ O 2E 19881 T oA A
3 AYEENE 2] FA o m R E ARE S 2| F|5k
ShoiTt, AjollAl o] =25 E
109 FQ1 19980l Al widH ekajo] FAY Al ES
ol g3t dFAQl A 2E WAL 4]o] o] FolFTH14], 11
o]ﬁi /\1]7:“%4_0_3‘:_ u]-]L% 3 OQOUﬂ 78159] Zﬂ\:ﬂﬁio]/ﬂo]
o] o] 1L glem, Iujol = AA7IA] oF 50078 o)
o] g0 A Aol A]o] A=A, A o]A) o]

e B4 5o WHS o §ok 2BLA|E|ATH X

olg ¥E

ZEWA|EO| o] R 4TS

ooz

2L o= Ao o]t gick15], %, 2EmAE
of AflomA B4 BEE, T AYE % ol 2o] 2
HUAES BRI webs] EHBALO] EXRfo|
2 Qlgk QA ol GlofAl oke] Ajol7} gl Wt
e 1q1 olje] AR5 e e ol o

Lee YH - Storage and use of cord blood

2. Micio|Ale| FEHY

U B2 S o]8she te 28
of Al &o]4]o] A= WA, sfAsfoF Q ‘_ﬁi Ak
[16]. AlHE o] AH o 2= St T2 2F WAL H]
slo] A Ffal717F 1HESk Qhrsket .
ol AL aohit AJR1e) U T Eo| B|ke] Hio]
gi2of e o] Q& 7hs7do] A W7 whieel,
E/\ﬂiol A Sof| A szHol] A Zhea) S FAkg-ol
HERIE7E Fol5 4= Qloh E3L 7\1]‘14%’101] L3O} Sl
E‘UE?J Hejddo] H7] wlze] 2423t (human
lymphocyte antigen, HLA) 67 -goﬂ/ﬂ 1-378 &gzt
T ZEEA|L0]A 0] Fa 3t FHEF o] A Hs 1
RIS F5=7 A Wk Aol ok et
A& HLAZE 1-37] %1 ZA7HA] o]A]of] AREE 4= gle
b8 I 32X EEA|IL 7S4S 2 AR =

< ZEE o|4of LRt AldEe AT &= Sloke A
o] Qie},

Aol Ao e o me, AA, HHT 4= U= AHE
o] go] Algtalo]7] wizoll, £ rA|zo]A

sho] 4

nZi

BN
gk

KeX
=
TP EES

JuEelElolof s BAAFY LA
H AR OR B 4 gl AR Fols Aol AeH
o 4= Qlt, oF FEa7] $Isto] W ATFe] o|Fol4
3 glow], AAZAL HLAZH AR AThE 26912 4
ais}e] AJof Z9J5He 25ks] AT Eol4le] 53t |

o

O 2H, ATl Bol W a0t Z2 M= Adid

oj4jo] Z3] o] FojA|il ‘il‘:}[l?] =4, Aldigel =3

o] Q= XYWL} & kx o) Z3hE]o] Q= =
szt & 6 4ol w12t Aol El
Zﬂtﬂﬁ’lol“ o]zl Wzl w7}R| 9] A7to] ol AQHTh

L o] ik, & B4t BRAZTRA |49 90
L= o4 F 10-19%0] ALpA 5577} 500/mL ol Z7}
S YRS HolXl, AfHolAle] Aol BFT

MIchEel eatat &8

561



J Korean Med Assoc 2018 September; 61(9):557-565

oZ,

Hupr of 25UAE Aagich aehd, 537 9L P
owzﬂﬂwm Aol F82 Qg Agol
o}l 4 9leH16]. o] AR 17be] Aoduh
37] S, SUAB7 IS} FA) Fofshs W]
AR ARE AFEAR] kel A

A EE Hulow I5Hs tiile] Bukm Loz A
Feake 5o ole b7 o R A7Eo] Aagsw
tH18-21].

il

¥ mx rE o4z

3. RICHEIO[A] A%

RIHEE B} B2} ool ZHBA|Zo|A]
3 AZ AU FEE T glow], Aol Al
AHl AR 2o B2Y 2ARAEAS B
e} ulamsfelehe gl QlojAls 2 Xjolg Holx) ¢
al i’lﬁ}. Ul A= 20134 TR |a /ATt Al
A AEEo] oF 50%00 Esto] 7188 =5
31_%* %"EﬁliOI*‘ﬂl HJsto] 2|2/ Alo] tha Xﬁd‘%“i
AAA A Ao 2)9] o] gljio] Ztof
B2 e 7P QlE of4& sliof 8)

ZERAIES AEske Ao FRlAle &

Ao} A Aol Wt HE 4 Q7] e, 28 EAES
Sl WE FEHS ek, vas] JPekd rtol=ah
olAlQA} 2|& AAFH= Alo] 7HA vl

i_.

of2HelstollM MIcHE2| 71x|2F ExHE

Al Eo] JJ‘—’J AR RO ARgE AL ZERA|ELO]
T2y 2ol At 25 ot

8, 19, 5@7]4 e = ApRelet Rotel o

562 cizteaEslx|

Agho] et NZAZAE /HLSHAL e, o]ef o] T3]
3 AA A A1=3] flsto] S7IMEE o83 HlE
A=A Aol et ‘E%S 04?7} OJFofA|aL AR, o
A A2 A & 4
BAES ARYAIZ17 H?ﬂ WIAEEE ol olFoIA|aL
A}, HjEA e RE HAuie] gAEoA AT HAIdEE 4
Ao} ATAIE Al 572 Ql glolHES Hals)
I IEH23). Yol bAE A7E ARt ok =), BRIA]
Hee ol8st] AFAHBARE 37| A3 DIAIAE Al
Al AeH24). ofFA AldiEe A e
M AZSAIES] A EIE 7IHskE 7173del HeiA= gt
5] AA A AN, AlE E7 14127 AR A ER &
ShellA a7 YEpd T ks AHE AlEZEo] 7t
EZE9 7]el3t Ao g Ajzts)
a1 QUeH 25,26,
F o= AHS
5= Wol 7HAxL ‘Zl

T
3 Al2ES 2 S5k

s

mﬁ

fir an
i

rlr

>

<

i

<7 o)
o)

>

ot

o2

o|N

o

~N

o gL

) NN OO il
oo 2 Ho
ook
£ mgt
%
oL m

0,

é

u)

el

-

rln

s

rr#

1

2

30

I

é‘

n)

et

oo 2 o X
illg
o
o
u
2
>
kl
30,
N
=)
Hn

‘ w g 2}

H1
N
ol gl
A
e FIOF
2 W
Lo
N
rEI
a
)
1o
_101

)
=

ol
fo
o
F“.
N
)
)
ZI}m
\
ox
O {
lo
S
pd
10
%
)
o
ol
rlo
e
2}

zas 7;10111}.

=

A 2P A Eo Ao AlEA RO Fag e
24 SRl olF 71831 AT Itk ol A
= 7 AEARA Y 5 9% Be ATAT) Q4




Public CBB

Lee YH - Storage and use of cord blood

Manipulated Unmanipulated CB
Higher Lower A
Cell dose Cell dose == HSCT
Manipulated If iy Cerebral palsy
W — Autism
.-"";S_c‘ -, _l,.t fL ., y. 'u\.. DM
expan5|or}| ‘4—1 <GMP - | iPS ]
‘ CeII Factory [ '\_,_,.-f’
T ceII ‘.' Y
|expan5|orl /\ \ CAR |
| - ™
HSCT DLI '. MSC . 1 Antitumor activity
f\‘ .-“l' Treg '| |: DC }\-_a\
rd '\-_ ) N LY
GVHD " | Antitumor activity
Liver failure f 1
Alzheimer disease ! 1
Autism, HIE GVHD GVHD
CMP, BPD  Autoimmune disease Autoimmune disease
Wound healing Chronic hepatitis B Chronic hepatitis B

Cartilage

Figure 3. Suggested business model for public and private cord blood banks (CBBs) operating as current good manufacturing practice (cGMP) cell factories. The

total nucleated cell counts of cord blood (CB) banking guidelines need to be i

ncreased to enhance the utilization rate of stored CBs in public CBBs, and private and

public CB samples with low cell doses should be released for use in clinical trials in transplant settings as well as non-transplant settings. cGMP cell factories could

manipulate fractionated CBs and generate cellular products that could be rel

mellitus; HSC, hematopoietic stem cell; DLI, donor lymphocyte infusion; MSC,

cephalopathy; CMP, cardiomyopathy; BPD, bronchopulmonary dysplasia; Treg,
induced pluripotent stem cell.
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