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Umbilical cord blood (UCB) is being increasingly used as an alternative source of hemato­
poietic stem cells for allogeneic bone marrow transplantation. UCB transplantation has been success­
fully used to treat a variety of genetic, hematological, and oncological disorders in children and adults. 
The objectives of this study was to establish a closed-system technique for UCB collection and buffy 
coat separation by Optipress I device. Thirty-four UCB were collected by triple-bag system from preg­
nant mothers whose fetuses were not affected by thalassemic diseases after prenatal diagnosis. The 
mean volumn of UCB collection were 120±5 ml (range 65-180 ml). Total WBC, CD34+ cells, the 
progenitor cell erythroid burst-forming unit (BFU-E) and granulocyte-macrophage colony-forming unit 
(CFU-GM) in the UCB units were (9.36 ± 0.84) x 108, (3.61 ± 0.52) x 106, (9.12 ± 1.60) x 105

, and 
(5.32 ± 1.23) x 105

, respectively. Good correlation between the nucleated cell and net cord blood volume 
could be demonstrated (p < 0.0001). The correlation between CD34+ cells and the following para­
meters: nucleated cell, BFU-E or CFU-GM were also demonstrated (p = 0.001, 0.0105 or 0.0001, res­
pectively). Buffy coat was subsequently separated from 18 UCB units by Optipress I device. 70 ± 3 ml 
of buffy coat were collected and cryoprocessing was done by automatic controlled-rate freezer. Good 
recovery .of total WBC, CD34+ cells, progenitor cells BFU-E and CFU-GM after buffy coat separa­
tion were observed 89 per cent, 95 per cent, 109 per cent, and 102 per cent respectively. There was no 
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aerobic bacterial or fungal contamination in the separated blood products. By using this technique, the 
UCB units were easily collected, rapidly separated within one hour, and high recovery of the hemato­

poietic progenitor cells could be obtained. 
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It is now known that umbilical cord blood 
(UCB) contains a number of hematopoietic progenitor 
cells similar to bone marrow( 1) and can be used as a 
source of hematopoietic stem cells for human leuko­
cyte antigen (HLA)-matched sibling donors transplan­
tation(2-6) and more recently, unrelated transplanta­
tionO). UCB has many advantages over other stem 
cell sources, including a large, accessible donor popu­
lation, ease and safety of collection, low incidence of 
infectious contamination and a low probability of 
graft-versus-host disease (GVHD)(8,9). Several 
methods for collection of UCB have been described 
(10-13) and the recommendation is that UCB should 
be collected before the delivery of the placenta(14). 
Many techniques for separation of UCB to reduce the 
final volume have been developed in order to increase 
storage capacity to a cost effective level. Separation 
of red blood cells from UCB by using simple centri­
fugation, lysis with ammonium chloride, differential 
settling in viscous media, and filtration through den­
sity gradients resulted in high progenitor cellloss(1). 
Other reports found better recovery( 15-17) but many 
steps were required, as a consequence increasing the 
possibility of errors and thereby exposing the blood 
to the risk of bacterial and fungal contamination. By 
using enhanced sedimentation of red cells by hydroxy­
ethylstarch (Hespan), the progenitor cells lost during 
the process was 40 per cent or moreO, 18, 19). Higher 
recovery of about 89 per cent was achieved when using 

pentastarch(20) but there were also many steps. By 
separation of the buffy coat in a semi-automate closed 
system, the recovery was more than 90 per cent(21 ,22). 

The objective of this study was to develop a 
practical technique to collect the UCB by a closed­
system and process by semi-automate separation 

MATERIAL AND METHOD 
Umbilical cord blood donors 

Prenatal diagnosis for thalassemia was per­
formed after informed consent in thirty-four pregnant 
mothers, who had previously had a thalassemic child. 
When the fetuses were not affected, the mothers were 
registered for UCB collection and processing at the 
Division of Hematology, Faculty of Medicine Siriraj 
Hospital, Mahidol University. UCB were collected at 
birth and HLA typing as well as testing for infectious 
contamination were performed. 

UCB collection 
The UCB collection was performed in the 

Department of Obstetrics and Gynecology. A 450 ml 
Optipac triple bag system (R1789, Baxter Health Care 
IL, USA) containing 63 ml of citrate/phosphate/dex­
trose/adenine (CPD-A) was used to collect the UCB. 
The volume of CPO-A was reduced to 23 ml by drain­
ing 40 ml into a sterile 50 ml tube which was enough 
for collecting up to 170 ml UCB. After deli very of the 
baby, while the placenta was still in utero, the free 
end of the cord was wiped with betadine to ensure 
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sterility of the collection. The 16-gauge needle of the 
triple bag was inserted into the umbilical vein of the 
placenta. As much umbilical cord blood as possible 
was drained by gravity into the bag. After collection, 
5 ml of UCB were taken for HLA-typing, 1 ml for 
nucleated cell count, CD34+ cell enumeration, hemato­
poietic progenitor cell BFU-E and CFU-GM assayed, 
1 ml for bacterial and fungal culture for sterility test­
ing. The volume of UCB unit was calculated from the 
weight of each collection minus the weight of the bag. 

UCB processing 
Sixteen UCB units with volume less than 100 

ml were frozen in cryocyte freezing bags (Baxter 
Health Care IL, USA) as whole blood by adding equal 
ice-cold 20 per cent dimethylsulphoxide (DMSO) 
(Fluka, Switzerland) in minimal essential media (MEM) 
(GIBCO, New York, NY, USA) and immediately 
freezing in a controlled-rate freezing machine (Cryoson, 
Germany). The cryopreservation protocol was as fol­
lows: 1.5°C/min cooling down to -60°C, followed by 
a drop to -130°C, 7°C/min. The freezing product was 
transferred into a liquid nitrogen freezer. 

In eighteen UCB units, with a volume more 
than 100 ml, the volume was reduced by the removal 
of the plasma and red blood cells using the technique 
as modified from previous reports(21). The UCB unit 
was centrifuged at 2,620 g (Sorvall, RC-3C, USA), 
22°C for 10 min. After centrifuge, the plasma and red 
blood cells were removed into the satellite bag by 
using Baxter Optipress I blood component separator 
(Baxter Health Care, USA). The entire process was 
performed in a closed system. Approximately 70 ml of 
buffy coat were separated and frozen as whole blood. 
Before being frozen, I ml of the buffy coat was taken 
for enumeration, the quantity of nucleated cells, CD34+ 
cells, BFU-E and CFU-GM. 

Cell count and CD34+ cell analysis by flow-cyto­
meter 

Nucleated cells were counted by Sysmex 
K800. The CD34+ population was determined on 
CD45+ lymphocytes by using MoAbs againt CD45 
and CD34 conjugated with fluorescein isothiocyanate 
and phycoerythrin (both from Becton Dickinson, San 
Jose, CA, USA), respectively(23). Brifly, UCB con­
taining 1 x 106 nucleated cells (volume not more than 
50 J.LI) was incubated with the MoAb mixtures at 4°C 
for 30 min. After incubation, the erythrocytes were 

lysed by fluorescence-activated cell sorter (FACS) 
lysing solution (Becton Dickinson) at 4°C for 10 min. 
The remaining cells were washed twice with cold 
Phosphate-buffered saline (PBS) containing 0.1 per 
cent sodium azide and finally fixed with 0.5 ml of 0.5 
per cent paraformaldehyde in PBS for subsequent 
flow cytometric analysis using CeliQuest software 
(Becton Dickinson). 

Hematopoietic progenitor cell assays 
The hematopoietic progenitor cell assays were 

performed by the methylcellulose culture system, as 
previously described(24). Briefly, mononuclear cells 
(MNCs) were separated from UCB after centrifuga­
tion over Ficoli-Hypaque (Nycomed, Oslo, Norway). 
Cells were washed twice and resuspended in Iscove's 
modified Dulbecco's medium (IMDM) (GIBCO, New 
York, NY, USA), and 5 x 105 MNCs were cultured in 
1 ml IMDM in the presence of 30 per cent fetal bovine 
serum (Seromed, Berlin, Germany), 1 per cent bovine 
serum albumin (Terry Fox Laboratories, Vancouver, 
Canada), 10-4 nmol a.-thioglycerol (Sigma, StLouis, 
MO, USA) and 0.8 per cent methylcellulose (Sigma). 
Cultures of erythroid burst-forming unit (BFU-E) and 
granulocyte-macrophage colony-forming unit (CFU­
GM) myeloid colonies were performed by adding 1 U 
recombinant erythropoietin (Terry Fox Laboratories) 
and 10 per cent agar leukocyte-conditioned medium 
(Terry Fox Laboratories), respectively. Each culture 
was duplicated in a 35-mm petri dish (Nunc, Roskilde, 
Denmark) and incubated for 14 days in a fully humidi­
fied atmosphere of 95 per cent air and 5 per cent C02 
at 37°C. Colonies were counted on day 14. 

Statistical analysis 
The results were expressed as mean ± stan­

dard error of mean (SEM). The correlation between 
the number of CD34+ cells and the following para­
meters: the number of nucleated cells, BFU-E and 
CFU-GM had been calculated by linear regression 
using Statview program. The correlation between the 
total number of nucleated cells and the net cord blood 
volume was also analysed. 

RESULTS 
Cord Blood collection assessment of the number 
of cell count 

By using the triple-bag system to collect the 
UCB, the number of nucleated cells, CD34+ cells 
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and progenitor cells are shown in Table 1. The mean 
volume of net cord blood collected from 34 donations 
was 88 ± 5 ml (range 17-157). There was only one 
sample in which the volume was 17 ml while the others 
were more than 30 mi. The total volume included 
CPD-A in UCB units was 120 ± 5 ml (range 65-180). 
The total nucleated cells count of all samples was 
(9.36± 0.84) x 108 cells (range ( 1.63-20.65) x 108 cells) 
and there was a positive correlation with the volume 
of UCB collected (Fig. 1) (r = 0.77, p < 0.0001 ). The 
total number of CD34+ cells, BFU-E and CFU-GM 
were (3.61 ± 0.52) x 106, (9.12 ± 1.60) x 1Q5, and 
(5.32 ± 1.23) x 105, respectively. There was a posi­
tive correlation between the number of CD34+ cells 
and the following parameters: nucleated cells, BFU­
E and CFU-GM (r = 0.62, 0.56 and 0.70, p = 0.001, 
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O.Q105, 0.0001, respectively) (Fig. 2-4). There were 
no aerobic bacterial and fungal contaminations in any 
of the 34 collections. 

Buffy coat separation by Optipress I device 
Volume reduction and buffy coat prepara­

tion was performed from 18 UCB units with the total 
volume more than 100 ml (range 105-180 ml, mean 
138 ± 5 ml) by using an Optipress I machine. Table 2 
shows the results on the volume, the number of cells 
before and after separation, and the recovery of the 
cells. The mean total volume of buffy coat after sepa­
ration was 70 ± 3 ml (range from 55 to 110 ml). The 
total nucleated cells, the number of CD34+ cells, BFU­
E and CFU-GM in the UCB before separation were 
(12.20 ± 1.08) X 108, (4.67 ± 0.78) X 106, (8.34 ± 

Table 1. The number of nucleated cells and hematopoietic stem cells in the UCB collected by the triple bag 
system. 

Total Net Nucleated cell CD34+ cell BFU-E CFU-GM 
UCB volumn UCB volume (X 1Q8) (x 1Q6) (colonies x 1Q5) (colonies x 1Q5) 

(ml) (ml) 

N 34 34 34 32 24 24 

Mean±SEM 120±5 88 ±5 9.36±0.84 3.61 ± 0.52 9.12 ± 1.60 5.32 ± 1.23 
Median 120 92 8.56 2.25 7.56 3.56 
Range 65-180 17-157 1.63-20.65 0.53-10.96 1.4-29.55 0.61-26.98 
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Fig. 1. Correlation between the total nucleated cells Fig. 2. The relationship between cord blood CD34+ 
and the net cord blood volume collection. There cells and the total number of nucleated cells. 
was correlation between total nucleated cells 
and the net cord blood volume collection (r = 
0.77, p < 0.0001) 

The total CD34+ cells was correlated with 
total numbers of nucleated cells. A positive 
correlation of r = 0.62 was found (p = 0.001). 
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Fig. 3. The relationship between the quantity of cord 
blood CD34+ cells and progenitor cell CFU­
GM. The total CD34+ cells was correlated 
with total numbers of progenitor cell CFU­
GM. A positive correlation of r = 0.70 was 
found (p = 0.0001). 

CD34+ (x 106
) 

12 

• 
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20 25 30 35 

BFU-E (x 105
) 

Y = 2.242 + 0.238X; R1 = 0.31 (P = 0.0105) 

Fig. 4. The relationship between the quantity of cord 
blood CD34+ cells and progenitor cell BFU­
E. The total CD34+ cells was correlated with 
total numbers of progenitor cell BFU-E. A 
positive correlation of r = 0.56 was found (p = 
0.0105). 

Table 2. Comparison of the number of nucleated cells and hematopoietic stem cells in the UCB before 
and after separation by Optipress I device. 

Total Total 
UCB volumn nucleated cell 

(ml) (x 108) 

N 18 18 

Before separation 
Mean±SEM 138 ± 5 12.20 ± 1.08 
Median 135 12.76 
Range 105-180 4.80-20.65 

After separation 

Mean±SEM 70±3 10.56 ± 0.86 
Median 67.5 10.38 
Range 55-110 4.06-18.83 

%Recovery 
Mean±SEM 88.93 ± 3.52 
Median 90.60 
Range 59.80-110.83 

2.13) x 105, and (6.66 ± 2.01) x 105, respectively. The 
number of these cells in the buffy coat after separa­
tion were (10.56 ± 0.86) x 108, (4.03 ± 0.60) x 106, 
(7.74 ± 1.60) x 105, and (5.88 ± 1.56) x 105, respec­
tively. The recovery of the nucleated cell ranged from 
59.8 to 110.83 per cent (mean 88.93 ± 3.52% ). The 
recovery of the quantity of CD34+ cells, BFU-E and 

Total Total Total 
CD34+cell BFU-E CFU-GM 

(X 106) (colonies x 105) (colonies x 105) 

18 14 14 

4.67 ±0.78 8.34±2.13 6.66±2.01 
2.90 9.88 5.87 

0.53-10.96 1.40-29.55 0.81-26.98 

4.03 ±0.60 7.74 ± 1.60 5.88 ±!.56 
3.03 7.12 3.53 

0.41-8.57 0.91-23.10 0.78-19.67 

94.67 ±7.70 108.82 ± 13.40 102.55 ± 10.54 
90.60 91.80 91.80 

47.66-179.44 65.16-224.00 65.16-204.96 

CFU-GM were 94.67 ± 7.70 per cent, 108.82 ± 13.40 
per cent, and 102.55 ± 10.54 per cent, respectively. 

DISCUSSION 
UCB is enriched with enough hematopoietic 

stem cells and progenitor cells to be used for stem cell 
transplantation. Collection, separation and process-
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ing of UCB are important so that maximal number of 
stem cells can be achieved and stored. A previous 
study indicated that the UCB should be collected 
before placental delivery with better yields of cells 
(14). In the present study, the UCB was collected after 
delivery of the new born, while the placenta was still 
in utero. The triple bag system was used to collect the 
UCB. The total volume of UCB was 120 ± 5 ml and 
ranged from 65-180 mi. The net cord blood volume 
was 88 ± 5 ml and ranged from 17 ml to 157 mi. The 
results are similar to other studies(12,21,22). The 
number of total nucleated cells, CD34+ cells, the 
hematopoietic progenitor cell BFU-E and CFU-GM 
were (9.36 ± 0.84) x 108, (3.61 ± 0.52) x 106, (9.12 ± 
1.60) x 105, and (5.23 ± 1.23) x 105, respectively. 
These findings were similar to other studies that used 
the same technique to collect the UCB(l2,21,22). 
There was correlation between the number of CD34+ 
cells and the following parameters: the nucleated cells, 
BFU-E and CFU-GM, respectively in the UCB collec­
tion. Correlation between the number of nucleated 
cells and the net cord blood volume was also observed. 

Several methods were performed in order to 
reduce the UCB volume and ultimately to reduce the 
space for storage. Almici et aJ(25) compared three 
different densities of perc oil ( 1.069 g/ml, 1.077 g/ml, 
1.084 g/ml), sedimentation over poligeline (Emagel) 
and sedimentation over poligeline followed by separa­
tion over Ficoii/Hypaque (F/H). They found that sepa­
ration by sedimentation over poligeline followed by 
Ficoii/Hypaque yielded the highest depletion of RBC 
while maintaining high recovery of the cells. How­
ever, these techniques required many steps and were 
performed in an open system with increasing the 
possibility of identification errors and thereby expos­
ing the blood to the risk of bacterial and fungal con­
tamination. Rubinstein et aJ(l1) used hydroxyethyl 
starch (HES) to sediment the red blood cells in a closed 
system. By using a modification of a triple bag system 
and adding a solution of HES, the UCB was separated 
by two centrifugation steps into three components: 
buffy coat, red cells and plasma fraction. The overall 
recovery of the cells was good02). High recovery 
was found by using pentastarch(20) but this tech­
nique required many steps of centrifugation, increas­
ing the risk of damage to the bags and the processing 
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time. Good recovery of more than 90 per cent was 
observed when separating the buffy coat by the semi­
automatic closed system(21,22). The UCB in the triple 
bag system was centrifuged for one step and buffy 
coat was separated by Optipress II automatically. The 
modification from those techniques was used in the 
present study by using Optipress I machine to sepa­
rate the buffy coat from the UCB unit. The buffy coat 
was separated from 18 UCB units by using Optipress 
I blood cell separator after centrifugation. The reco­
very of the nucleated cells, the number of CD34+ cells, 
BFU-E and CFU-GM were 89 per cent, 95 per cent, 
109 per cent and 102 per cent, respectively which is 
similar to other investigators(21 ,22) but the volume 
of the buffy coat after separation was 70 ± 3 which 
was more than previously reported(21,22). It may be 
due to many factors such as the centrifugation rate, 
the difference of the protocol of the Optipress I or II 
device, or the size of the separation bag, each of which 
needs further study. 

In conclusion, UCB collection using the triple 
bag system is a simple and useful technique to collect 
the blood while the placenta is still in utero. The buffy 
coat separation using Optipress I machine reduced the 
volume of the UCB to 70 mi. Our methodology is 
rapid; buffy coat separation is performed by one step 
of centrifugation, partial removal of red blood cell and 
plasma by Optipress I automatically, and is processed 
within one hour before cryopreserved processing. Good 
recovery of the hemopoietic cells was observed. The 
volume reduction for cord blood banking set up will 
be modified, including the use of the smaller volume 
of the collecting bag, the centrifugation rate and the 
protocol of the optipress I device, which need further 
study. 
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allogeneic transplantation 1 \JL~n ~~UtJ).I'tilm"lfm;l;ltJ"ioif).lln~~;fu ?l~Jum"iLnUL~u~LL~:::'ll'Ul\Jnl"iL~1£J).IL~u~Nl tJ­

a:::~uYmn~~Lilu~~~l~CJ! m"i~m;,tfi;.Ynm"iLnuL~u~NltJN::~um"in;ltlCJ~LnuL~u~ Top-Buttom Bag 'lln.,t)l~~~~m-1 
ffi;fum-slil"il'l"i'''l\i'tJLL;T;,m,n1um"lti't~L uu t "i~Ol~"NiuLiltJ~lulu 34 "iltJ Y'lU-il~l,mmnuL~ulilmt~~::~um"in 1; 

L'il~tl 1 20 ± 5 jl~~~lil"i (lft).llli\"i~~LL~ 65-180 jl~~~lil"l) ~1\Jl\JLilliiL~uli\'llll (WBC) L'il~tl (9.36 ± 0.84) X 1 08 L'll~fi 
CD34+ L'il~tl (3.51 ± 0.52) x 106 L'll~fi;utilLU~i~LilliiL~uliiLLiil~ (BFU-E) LL~::L'll~fi;utilLU~i~LilliiL~ulil'llll (CFU-GM) 

L'il~tl (9.1 2 ± 1.60) X 1 05 LL~:: ( 5.32 ± 1 .23) X 105 li\l).l~l?i'U LL~::Y'lU-il~l\Jl\JL'll~fi C034+ il~ll).lcr).IW\JrlnU~l\Jl\.1 
WBC, BFU-E LL~:: CFU-GM utJl~il'IJtJ~l~tl! (p LrilnU 0.001, 0.0105 LL~:: 0.0001 li\l).l~l?i'U) L~ulilmtJ~:::~u'l'll"in 
<mnu 18 "iltJYlillft).lllil"i"ll).lnUNl"in\JL~uliiLL;j~ (CPO-A) LL;lilLiiu 100 ~~~~lil"i'l:::,jl).lllY\J;ltl~ll).ILil 1500 "iuU/ 

u1Yi 1.111.1 1 0 ulYiLL~::LLtln buffy coat ;,tJL~~u~ Optipress I iiuLLtJn bully coat 1;L'il~£J 70 ± 3 il~~~lil"i il~1 % reco­

very 'lltN~l\Jl\.1 WBC, L'll~fi CD34+, BFU-E LL~::: CFU-GM LrilnU 89, 95, 1 09 LL~:: 1 02 li\l).l~l?i'u ~~'11u-i1"iEifil 
'lh:::N'I'lfimY-llj"~ilm"lljtl!LNtJL'll~fi,;utJ Lilum"iLnuL~uliiLL~:::Liil1tJ).ILfiulil~ltJ"i::uuiJiil N::lilln "illiiLil~l).ll"imlii1£J).ILfiu(;l 
L~1'lmtJ1u 1 ~lt).l~.,~~'lln1~fuCJ~L~u~ 

LrminlHli' ~tl~. iArlC)I ~C)Inun::, flni!l vnl'laJ~. LLft::fln:: 

'tfMU'l!JLl'lfJ'm.:JLL'W't'l!j "1 2546; 86: 1 055-1062 

• Nl'ill'i'lflL~.;;Iil'i'l'ltn, m~'i'lfl1llQ11'1lNiili". 

• • 11l~'i'lflL l'lfl'llNiil,nl1ll'Ul~l1L~!Jiil, 
••• 11lfl'i'lfl<j~'UiLl'lfi'11Niil;, ~ru:::LLY'l'l'ltll'llNiil;t'l~,l'llVWl\.Jl~. IJ"tn'i'l'ltJllltJ).I.;;~l'l. nj~L'I'lW '1 1 0700 


