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Abstract :

Cryopreservation of umbilical cord hematopoietic stem cells (HSCs) is essential step in stem cell transplantation. The
Dimethylsulfoxide (DMSO) mostly used as a cryoprotective agent, associated with toxic effects to stem cells. In
order to minimize the effects of DMSO, low concentrations of DMSO with additional cryoprotectants should used. In this
study mononuclear cells (MNCs) isolated by ficoll from umbilical cord blood (UCB), which contain hematopoietic stem
cells (CD34+), were used for cryopreservation.

Cryopreservation of UCB-derived MNCs was done for period of one month by using uncontrolled-rate freezing
technique at -196°C in liquid nitrogen. Cryopreservation solution was used which consisted of minimum essential
medium (MEM) and 20% fetal calf serum (FCS) supplemented with the cryoprotectant dimethylsulfoxide (DMSO) in
two concentrations 2.5% and 5% DMSO, lower than usually used 10%, with and without 25pug/ml trehalose or 80pg/ml
ascorbic acid to improve cryopreservation process. The addition of trehalose and ascorbic acid improved cryopreservation
process in comparison with control. Addition of 5% DMSO alone and with additives showed a better result than 2.5%
DMSO alone or with additives for cryopreserving CD34+ cells as indicated by immunocytochemistry.

Washing out DMSO also affected the count and viability of MNCs. These results indicated that it could use low
concentrations of DMSO in cryopreservation of HSCs by association with trehalose and ascorbic acid.

Key words: cryopreservation, DMSO, trehalose, ascorbic acid, hematopoietic, stem, CD34+.

Introduction:

ord blood is rich in stem cells, as it contains

hematopoietic stem cells (HSCs) and mesenchymal
stem cells (MSCs) (1,2) so, the use of UCB stem cells
has been increasing interest because both kinds of stem
cells which are regarded as a valuable source for cell
transplantation and therapy. Cryopreservation of HSCs is
the backbone of clinical stem cell transplantation (SCT).

The DMSO has been the most used cryoprotective agent
for human stem cells (9), Since DMSO is highly soluble
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of DMSO to a cell suspension results in a high DMSO
osmolality both outside and inside the cell, offsetting the
salt gradient established a cross the membrane (7).

Virtually the free water existing within the cell will
diffuse out of the cell, thereby preventing intracellular ice
crystals formation (9). DMSO associated with side effects
to stem cells. Zambelli et al. (11) showed that DMSO is
associated with a clinically significant side effect when
infused in patient and assumed to have toxic effect to stem
cells.

Several investigators showed that addition of ascorbic
acid and trehalose with 10% DMSO improves the
cryopreservation of HSCs. Limaye L. and, Kale V.
concluded that cryopreservation of HSCs with medium
contain 10% DMSO supplemented with 25pug/ml trehalose
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and 80pg/ml ascorbic acid affords better cryoprotection as
evidenced by significantly increased colony formation as
compared to 10% DMSO alone (1).

The purpose of this study was to determine the affects
of using the cryoprotectans trehalose and ascorbic acid
with lower concentrations of DMSO, 2.5% and 5%, in
order to minimize the effect of 10% DMSO during the
cryopreservation of hematopoietic stem cells (CD34+).

Materials and Methods:

Umbilical cord blood collection:
mbilical cord blood (UCB) sample were obtained
mainly Fattema AL-Zahrraa Hospital in Baghdad.

All UCB specimens were freshly collected from discarded
placentas of full term normal vaginal deliveries.

Immediately after delivery of the baby, the umbilical
cord clamped then breaking the link between the baby and
placenta, the baby separation from the cord, and the cord
then cleaned a 5-8 cm area of umbilical cord with antiseptic
solution and inserted the blood bag needle in the umbilical
cord vein (fig.1).

The blood was flow by gravity into the bag containing
citrate  phosphate dextrose adenine-1(CPDA-1)
anticoagulant approximately 25 ml, since total collections
was approximately 100-120 ml. During collection the
blood bag was shaken gently, so that the anticoagulant
freely mixed with UCB (reference).

Figure (1): Collection of umbilical cord blood. (4): The place of umbilical cord cut (yellow arrow)
in order to separate baby from placenta. (B): The blood was collected from the vein (yellow arrow) of
umbilical cord, while the placenta in uterus and the umbilical cord out of vagina.

Cord blood cells mononuclear cells separation:

After successful collection of UCB, it was kept in
anticoagulant treated bag and kept at 4°C and processed
within 24hr. The mononuclear cells (MNCs) were separated
from UCB by density gradient centrifugation using Ficoll
according to the protocol described by (7) with some
modification. The viable cell count was performed using
trypan blue method (8). Viable Cells (%) = [No. of viable
cells/Total No. of cells (dead and viable)] x100

CD34+ immunocytochemistry:

The isolated MNCs were fixed on precaoted charged
microscope slide for determination of percentage of CD34+
expression stem cells. Ten pL of cell suspension was added
on slide and kept for air dry. Twenty pL of fixation solution
was added on dry cells and kept for 10 min at room
temperature, after that slides were tapped and left for 3min

at room temperature then infolded with aluminum foil and
stored at -20°C until use. Immunocytochemistry staining of
fixed cells was performed according to the manufactured
company instruction (DAKO).

Cryopreservation

Cells were cryopreserved under sterile condition as
follows: the MNCs were isolated from UCB by density
gradient centrifugation method according the protocol
described by Erices et al. (2000) with some modification,
suspended with MEM culture medium contain DMSO
(2.5% or 5%) supplemented with or without 25ug/ml
trehalose or 80png/ml ascorbic acid and considered ready
for cells count, viability and percentage of HSCs CD34+.

The cryotubes were fulled with 1ml of cells suspension
and labeled with number and date of freezing. One ml of
chilled sterile cryoprotective media were carefully layered
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on cells suspension in cryotubes, the 1:1 mixture was slowly Results and discussion:

inverted to promote mixing, then placed on ice for 1min
allow equilibrium between the cells and the cryoprotective
media. The cryotubes were placed in refrigerator at 4°C for
10min then placed in the bottom of a freezer at -80°C for
24 hr; the cryotubes were quickly transferred to a container
holding liquid nitrogen for period one month.

Thawing and washing:

Cryopreserved cells were thawed by rapid immersion
of cryotubes into water bath at 37°C for Smin then cells
viability was directly measured after thawing and 1ml of
aliquots of cells were quickly after thawing transferred
into 10 ml tubes and diluted (1:4) with MEM medium
supplemented with 10% FCS and kept for lhr then
centrifuged at 1000 rpm for 10 min and resuspended
in MEM medium supplemented with 10% FCS. Cells
viability was assessed by trypan blue dye exclusion test.

Statistical analysis:

The statistical analysis system-SAS (2004) was used
to data analysis in study parameters. The least significant
difference test- LSD was used to compare between means
(28).

he collection strategy is the first step for collecting

good-quality cord blood units and varies among banks
and among collection sites for the same cord blood bank
(12). In this sense, different collection methods have been
proposed to optimize volume and total nucleated cells
content of cord blood units.

In this study the close system was used and found
effortlessness, easy, quick and no contamination was
observed during cord blood collection process, collection
yielded a significant higher volume and total number of
mononuclear cells (13), with higher median concentrations
of nucleated cells and total colony-forming units (CFU)
(14), and reduction blood clotting problems (15) in
comparison with other methods.

Afterasuccessful separation of the MNCs, characteristics
of cell surface antigen of the specific HSCs represented by
CD34+ was investigated by using immunocytochemistry
technique. The result showed that the deep brown color for
DAB stain represent the positive cells while the blue color
for the haematoxylin stain represent the negative cells (Fig.
2). The CD34+ antigen is a defining hallmark of HSCs/

progenitor cells (16).

A

represent the negative cells (X40).

Figure (2): The expression of cell surface marker that showed on HSCs after isolation of cells (4): The
deep brown color (DAB stain) represent the positive cells (X40). (B).: The blue color (haematoxylin stain)

In this study uncontrolled-rate freezing technique was
used, this technique represents an attractive alternative
to controlled-rate cryopreservation procedures which are
time-consuming and require high-level technical expertise.

The main advantage of uncontrolled-rate freezing
which translate in markedly labor and costs but the main
disadvantage might be the lack of a record documenting
the cooling rate (8).

The MNCs were cryopreserved in liquid nitrogen for a
period of one month. HSCs are routinely cryopreserved in
liquid nitrogen at -196°C; at these low temperature almost
all biologic functions are halted (17).

To improve cryopreservation process and decrease the
concentration of DMSO to 2.5% and 5%, trehalose was
used as a membrane stabilizer and ascorbic acid as an
antioxidant. Figure (3) showed that although the use

Email: ijcmg@iccmgr.com

Volume: 4 - Number 1 - 2011

59



Modefication of HSC (CD34+) Cryopreservation

of trehalose and ascorbic acid, a significant (P>0.05)
reduction in the number of MNCs was noticed after
freezing in both concentrations of 2.5% DMSO and 5%
DMSO, but 5% DMSO with and without trehalose and

ascorbic acid produced a significant (P>0.05) improvement
in comparison with concentration 2.5% DMSO with and
without trehalose and ascorbic acid and best result was
with 5% DMSO plus trehalose
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Figure (3): Effect of DMSO and additives on cell count (cell/ml).

Although extracelluler trehalose can reduce cryodamage
to cells, the trehalose is usually required on both sides of
the membrane for maximum protection efficient (18).

Buchanan et al. (19) demonstrated that 1-2M
DMSO+0.2M trehalose with loaded it in cells can
produced haematopoietic progenitors cells from freezing
injury, it also improves the survival of cryopreserved other
mammalian cells (Eroglu et al.,2000). Scheinkonig et al.
(20) found that the total number of CFU was highest for
cryopreservation solutions containing 0.5mol/l trehalose
in 10%DMSO with HSCs. Zhang et al. (21) found similar
result with umbilical cord blood. Limaye (1) found
that the addition of membrane stabilizers as trehalose
and antioxidant as ascorbic acid with 10%DMSO to the
conventional freezing medium helps to post thaw recovery
of HSC:s.

When ascorbic acid was used with other antioxidants
it gave good results. Limaye (22) showed that when
10%DMSO was used with 80pg/ml ascorbic acid alone or
in combination with other antioxidants such as catalase and
a-tocopheryl acetate it helped to preserve the functionality
of BM cells.

Figure (3) showed that a significant (P<0.05) reduction
of MNCs after washing of the cells in all concentration

of DMSO with and without trehalose and ascorbic acid.
Broxmeyer et al. (23) showed that any washing of the
cells to remove DMSO leading to decrease the recovery
of nucleated cells. The wash out of the most popular
cryopreservants has conceivable benefits for recipient and
reduction of toxicity. It was also suggested that wash out of
DMSO can enhances engraftment (24).

Figure (4) also indicates that significant reduction
(P<0.05) of percentage of CD34+cells after freezing at all
concentrations of 2.5% DMSO and 5% DMSO with and
without additives and concentration of 5% DMSO with and
without additives significantly rather than concentration of
2.5% DMSO with and without additives and best results
were 5% DMSO plus trehalose and 5% DMSO plus
ascorbic acid.

Yang et al. (25) demonstrated that removing of DMSO
by centrifugation leading to decrease in viability and
recovery of CD34+ cells in both UCB and BM.

The results suggested that inspite of reduction of count
and viability of MNCs, the percentage of CD34+ cells were
not significantly affected (8).

Further work is necessary to investigate other concentrations
for DMSO and the cryoprotectants trehalose and ascorbic
acid for improvement of CD34+ cryopreservation.
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Figure (4): Effect of DMSO and additives on Percentage of CD34+ stem cells.

5% DM SO
only

5% DM50 +

5% DMSO +
Trehalose  Ascorbicacid

References:

1.

Limaye,L.S and V.PKale. (2001). Cryopreservation of
human haematopoietic cells with membrane stabilizers and
bioantioxidants as additives in the conventional freezing medium.
J. Hematother. Stem Cell Res. 10(5):709-718.

Barkhatov,.M. ; S.A.Roumiantsev ; E.B.Vladimirskaya and
B.V. Afanasyev. (2008). Composition and function properties of
monolayer cell culture from human umbilical cord blood. Cell.
Ther. Transplant. 1(2): 23-29.

Mounier,N. ; J.Larghero ; J.Manson ; P.Brice and [.Madelaine-
chmbrain. (2005). Long term hematologic recovery after
autologus stem cell transplantation in lymphoma patient: impact
of the number of prefreeze and post-thaw CD34+ cells. Bull
Cancer. 92(3):E31-38.

Hassan,H.T. ; W.Zeller ; M. Stockschlader ; W.XKruger ;
M.M.Hoffknecht and A.R.Zander. (1996).peripheral blood
allografts undergoing clinical scale CD34+ cell selection. Stem
Cell. 14(4):419-429.

Natan,D. ; A.Nagler and A.Arav. (2009). Freeze-drying of
mononuclear cells derived from umbilical cord blood followed by
colony formation. PLoS ONE 4(4):¢5240. Doi:10.1371/journal.
pone.0005240.

Balint,B. ; and M.Radovic. (1993). Biophysical aspects of
cryopreservation of hematopoietic stem and progenitor cells. Bull
Transfusiol. 21:3-8.

Gorlin,J. (1996).Stem cell cryopreservation. J.
Chemother. 6:23-27.

Cilloni,D. ; D.Garau ; E.Regazzi ; G.Sammarelli ; B.Savoldo ;
C.Caramatti ; L.Mangoni ; V.Rizzoli and C.C.Stella. (1999).
Primitive hematopoietic progenitors within mobilized blood are
spared by uncontrolled rate freezing. Bone Marrow Transplant.
23:497-503.

Bakken,A.M. (2006). Cryopreserving human peripheral blood

Infusional.

10.

1.

12.

13.

14.

15.

16.

17.

18.

progenitor cells. Curr. Stem Cell Res. Ther. 1:47-54.
Brayton,C.F. (1986).Dimethyl sulfoxide (DMSO): A review.
Cornell. Vet. 76:61-90.

Zambelli,A. ; G.Poggi ; G.D.Prada ; P.Pedrazzoli ; A.Cuomo ;
D.Miotti ; C.Perotti ; P.Preti and G.Robustelli. (1998). Clinical
toxicity of cryopreserved circulating progenitor cells infusion.
Anticancer Res. 18(6B):4705-4708.

Stanworth,S. ; R.-Warwick ; D.Fehily ; C.Persauda ; S.Armitage ;
C.Navarret and M.Contreras. (2001). An international survey of
unrelated unbilical cord blood banking. Vox. Sang. 80:236-243.
Surbek,D.V. ; B.Schonfeld ; A.Tichelli ; A.Gratwohl and
W.Holzgreve. (1998). Optimizing cord blood mononucleare cell
yield: a randomized comparison of collection before and after
placenta delivery. Bone Marrow Transplant. 22:311-312.
Solves,P. ; R.Moraga ; E.Saucedo ; A.Perales ; M.A.Soler
; L.Larrea ; V.Mirabet ; D.Planelles ; F.Carbonell-Uberos ;
J.Monleon ; T.Planelles ; M.Guillen ; A.Anders and E.Franco.
(2003). Comparison between two strategies for umbilical cord
blood collection. Bone Marrow Transplant. 31:269-273.
Wong,A. ; PM.Yuen ; K.Li ; A.L.-Yu and W.C.Tsoi. (2001).
Cord blood collection before and after placental delivery:level
of nucleated cells, haematopoietic progenitor cells, leukocyte
subpopulations and macroscopic clots. Bone Marrow Transplant.
27:133-1380

Sutherland,D.R. and A.Keating. (1992). The CD34 antigen:
structure, biology and potential. J. Hematother. 1:115-129.
Stylianoun,J. ; M Vowels and K Hadfield. (2006). Novel
cryoprotectant significantly improves the post-thaw recovery and
quality of HSC from CB. Cytotherapy. 8(1):57-/61.

Mondal,B. (2009). Asimple method for cryopreservation of
MDBK cells using trehalose and storage at -80°C. Cell Tissue
Bank. Doi: 10.1007/s10561-009-9130-7.

Email: ijcmg@iccmgr.com

Volume: 4 - Number 1 - 2011 61



Modefication of HSC (CD34+) Cryopreservation

19.

20.

21.

22.

23.

Buchanan,S.S. ; S.A.Gross ; J.P.Acker ; M.Toner ; J.F.Carpenter
and D.W.Pyatt. (2004). Cryopreservation of stem cells using
trehalose: evalution of the method using a human haematopoietic
cell line. Stem Cell Dev. 13(3):295-305.

Scheinkonig,C. ; S.Kappicht ; H.J.Kolb and M.Schleuning. (2004).
Adoption of long-term cultures to evaluate the cryoprotective
potential of trehalose for freezing hematopoietic stem cells. Bone
Marrow Transplant. 34:531-536.

Zhang,X.B. ; K.Li ; K.H.Yau ; K.S.Tsang ; T.F.Fok ; C.K.Li ;
S.M.Lee and P.M.Yuen. (2003). Trehalose ameliorates the
cryopreservation of cord blood in a preclinical system and
increases the recovery of CFUs, long-term culture-initiating cells,
and nonobese diabetic-SCID repopulating cells. Transfusion.
43:265-272.

Limaye,L.S. (1997). Bone marrow cryopreservation: Improved
recovery due to bioantioxidant additives in the freezing solution.
Stem Cell. 15:353-358.

Broxmeyer,H. ; G.Douglas ; G. Hangoc ; S.Cooper ; J Bard ;
D.English ; M.Arny ; L.Thomas and E.Boyse. (1989). Human
umbilical cord blood as a potential source of transplantable

24.

25.

26.

27.

28.

hematopoietic stem/progenitor cells. Proc. Natl. Acad. Sci. USA.
86:3828-3832.

Kurtzberg,J. ; M.Laughlin ; M.L.Graham ; C.Smith ; J.F.Olson
; E.C.Halperin ; G.Ciocci ; C.Carrier ; C.E.Stevens and
P.R.ubinstein. (1996). Placental blood as a source of hematopoietic
stem cells for transplantation into unrelated recipients. N. Engl. J.
Med. 335:157-166.

Yang,H. ; J.P.Acker ; M.Cabuhat ; B.Letcher ; L.Larratt and
L.E.McGann. (2005). Association of post-thaw viable CD34+
cells and CFUGM with time to hematopoietic engraftment. Bone
Marrow Transplant. 35:881-887.

Rust,P.A. ; C.Costas ; S.R.Cannon.T.W.Briggs and G.W.Blunn.
(2006). Characterisation of cryopreserved cells freshly isolated
from human bone marrow. Cryo. Lett. 27:17-28.

Liu,G. ; C.Shu ; L.Cui ; Wliu and Y.Cao. (2008). Tissue-
engineered bone formation with cryopreserved human bone
marrow mesenchymal stem cells. Cryobiology. 56(3):209-215.
SAS. 2004. SAS / STAT Users Guide for Personal Computers.
Release 7.0. SAS Institute Inc., Cary, NC., USA. (SAS =
Statistical Analysis System).

st ! e 3 Lo sanmitlly 35501 Ol ey 55l sl 350l 5
Dimethylsulfoxide J 4L} ;51 =0 CD34"

ile JalsS puieiun BoleDimethylsulfoxide (DMSO) JI.de.dod] Ll Ui § dewlul S5kt dusdond) (gl Juodl L) asomidls 0320
s 05 dubyall 03 3 uazdl] o a55 Slge za dia 31 3515 pasiius DMSO Ul 15 Julis JoY due ol L) duomndl pamy il dasedl
1 Bk Gl Jumdl 3 e Dgsmbly Blsd] Bioms ¥ daamd] 65 sosl] () JgSudll plasiials dusdond] I e dslodly Bl Busrs LI
) 48090 Y i prw o0 Y+ s MEM Jaws e duazdls 0350) Jslone iy Ll (pzo 50l *p V21- dopy sbluabl dnsatll s plaseialy
los Grus) sl paslo 3o do /pl29,S0loAs ol 5ellaa U (e Jo/plies,Sals YO 9y 5 @e 70 3 7Y,0 (g DMSO e 7+ (0o 31 55155
Bl D58l deaztl dulas aus o ysSadl Ganlog ol 71 d8LST O deamtlly (333
Col S dpaslly Digyakl dsdad] LIS CBLAYI mo ol oums) 1,0 355 (rn Ll ol alsl SBLEYI za 5l ousg) DMSO 70 dLal o
35201 & DMSO e J81 5515 plasital 4lSal &S] gl odn 31l 8uumrgll L) dygeors sue e 3T DMSO Ul s bl sloasS] it

ozl ool gleo Mol dudy) dume FSed (oS yed

Sy dmalo - polsll &S - Blodl psle ol
D28 ol A3V Ol Gigomy 350

oSl paslos jellan I d8Laly desdad) L) wnzally

62  Iraqi Journal of Cancer and Medical Genetics



