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No Differences in Colony Formation of Peripheral Blood
Stem Cells Frozen with 5% or 10% Dimethyl Sulfoxide

A.M. BAKKEN,1 O. BRUSERUD,2 and J.F. ABRAHAMSEN1

ABSTRACT

High-dose chemotherapy with autologous stem cell rescue usually requires cryopreservation of the
cells. For several years, 10% dimethyl sulfoxide (DMSO) has been used as the standard cryopro-
tectant. Because DMSO infusion can lead to toxic clinical complications in a dose-related manner,
we wanted to evaluate if reduction to 5% DMSO would be possible. We have compared colony for-
mation in the myeloid, erythropoietic, and megakaryocyte linages in peripheral blood progenitor
cell (PBPC) samples cryopreserved in parallel with 5% and 10% DMSO. Twenty-seven PBPC sam-
ples from patients with malignant diseases were investigated after 3 months of cryopreservation in
liquid N2, and samples from 14 of these patients were investigated after 1 year. A significantly higher
colony formation was demonstrated for colony-forming units-erythrocyte (CFU-E) and CFU-gran-
ulocyte, erythrocyte, macrophage, megakaryocyte (GEMM) both at 3 months and at 1 year in the
5% samples. For CFU-granulocyte-macrophage (GM) and CFU-megakaryocyte (Mk) no significant
difference was demonstrated neither at 3 months nor at 1 year in samples frozen with 5% and 10%
DMSO. Also, there was a statistically significant correlation between the CFU-total and CFU-Mk-
total, indicating that the CFU-total might be used as an evaluation of megakaryocyte progenitors.
Viability testing with the Trypan Blue exclusion test showed that cells cryopreserved in 5% DMSO
had significantly higher viability than the cells cryopreserved in 10% DMSO. We conclude that 5%
DMSO is at least as good for cryopreservation of small-volume PBPC samples as the conventional
10% DMSO, and our results suggest that the possibility of using 5% DMSO for cryopreservation
of autologous PBPC grafts should be further investigated in clinical studies.
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INTRODUCTION

HIGH-DOSE CHEMOTHERAPY followed by autologous
peripheral blood progenitor cell (PBPC) transplan-

tation is now used in the treatment of chemosensitive ma-
lignancies (1–3). PBPC are harvested and usually stored
in liquid N2 until reinfusion at a temperature low enough
to block all enzymatic pathways and metabolism in the
cells (4). Controlled-rate freezing with cryopreservation

of PBPC in 10% dimethyl sulfoxide (DMSO) has been
the standard procedure at most institutions (5,6). DMSO
is relatively freely permeable across the cell membrane
(7,8) and prevents intracellular formation of ice crystals
and disruption of cell membranes (9). DMSO has also
been tried in combination with hydroxyethyl starch
(HES) (4,10–13), which coats the outside of cells and
may thereby prevent post-thawing clumping or gel for-
mation (4,13). However, Donaldson et al. (13) have con-
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cluded that HES did not improve the recovery of CD341

stem cells after cryopreservation in 5% DMSO.
Infusion of DMSO-preserved PBPC is often associated

with toxic reactions, and nausea, vomiting, cardiac dys-
function, anaphylaxia, and acute renal failure have been
reported (14). These side effects are usually proportional
to the amount of infused DMSO (15). Health personnel
are also experiencing physical symptoms such as head-
aches and gastrointestinal reactions both from the DMSO
odor and from its metabolite dimethyl sulfide (DMS).
About 45% of injected DMSO is secreted through the
urine, whereas DMS is secreted through the skin, breath,
feces, and urine from the patients for up to 2 days after
infusion. Thus, DMSO toxicity can be a problem for sev-
eral days after stem cell infusion (16).

Autologous stem cell transplantation is usually a safe
procedure, with low treatment-related mortality. This
safety has been achieved through the use of peripheral
blood-mobilized cells, careful estimation of collected
CD341 cells, and improved supportive care (17). The im-
proved safety also allows autotransplantation to be tried
in new patient groups, e.g., elderly patients. The present
results are based on stem cell preservation with 10%
DMSO, and the possible use of 5% DMSO will require
a careful evaluation before an alteration of the present
procedures can be further considered. Furthermore, the
effects of cryopreservation may differ between small
sample volumes and the large cryobags used for preser-
vation of PBPC grafts. The initial laboratory studies
therefore have to be followed by additional clinical stud-
ies. These studies should include both in vitro evaluation
of PBPC grafts frozen in cryobags with 5% and 10%
DMSO, as well as a detailed characterization of hemato-
poietic and immunological reconstitution.

Long-lasting thrombocytopenia has previously been a
major problem after stem cell transplantation. An alter-
ation of present cryopreservation procedures thus has to
be evaluated with regard to preservation of clonogenic pro-
genitors, especially megakaryocyte progenitors and the
risk of posttransplant thrombocytopenia. To our knowl-
edge, no previous study has assessed whether colony for-
mation differs in PBPC frozen with either 5% or 10%
DMSO as the sole cryoprotectant and kept frozen below
2140°C. The aim of our study was to investigate whether
the number of clonogenic progenitors, and especially the
megakaryocyte precursors, is maintained when using 5%
instead of 10% DMSO for cryopreservation.

MATERIALS AND METHODS

Patients

A total number of 27 autologous PBPC products from
27 consecutive patients were studied. The patients suf-

fered from multiple myeloma (n 5 15), non-Hodgkin’s
lymphoma (n 5 8), Hodgkin’s lymphoma, osteogenic
sarcoma, Ewing sarcoma, and testicular cancer.

Harvesting and cryopreservation techniques

PBPC were harvested after mobilization with granu-
locyte colony-stimulating factor (G-CSF) and chemo-
therapy and collected on a Cobe Spectra (Cobe Labora-
tories, Gloucester, UK) separator into citrated autologous
plasma. The yield of CD341 cells in the PBPC concen-
trates was 1.2–13 3 106/kg body weight.

The cell concentrations were adjusted with autologous
plasma to 100–200 3 106 cells/ml before addition of
DMSO (Cryoserv, Edvards Lifesciences, Irvine, CA). A
sample of a few milliliters was removed from the PBPC,
and DMSO was added to a final concentration of 5%.
The sample was distributed in 0.5-ml aliquots into cryo-
tubes (Nunc, Copenhagen, Denmark) and placed on ice.
Meanwhile, DMSO was added to the PBPC concentrate
(on ice) to a final concentration of 10% and a few-milli-
liter sample from this PBPC concentrate was distributed
into cryotubes as above. The 5% and 10% samples to-
gether with the PBPC concentrate were thereafter frozen
to 2160°C in a controlled programmed freezer: from 4°C
to 25°C with 22°C/min, thereafter with 21°C/min to
240°C, and last with 25°C/min to 2160°C (Planer Cryo
10, Planer Concentrate Ltd, England). The samples and
the PBPC autograft were then transferred to liquid N2.
This was the procedure for the first 17 patients (all sam-
ples cryopreserved up to 1 year were from this group).
Later we changed the procedure to obtain an even better
similarity between the 5% and 10% DMSO samples: Two
small samples from the PBPC were removed and DMSO
was added to final concentrations of 5% and 10%, re-
spectively, and placed on ice while DMSO was added to
the PBPC to a final concentration of 10%, then frozen
together in the programmed freezer.

The quality of our routines for preparation and storage
of autologous stem cell grafts has been evaluated re-
peatedly during the same time period of the present study.
The mean recovery of CD341 cells compared in 19 sam-
ples before freezing and after thawing was 78%.

Progenitor cell thawing and colony-forming 
cell assay

Samples with 5% and 10% DMSO were always han-
dled in parallel. After 3 months (samples from 27 pa-
tients) and 1 year (samples from 14 of the 27 patients),
one vial of each sample was thawed in a water bath at
37°C until the ice crystals just disappeared. Ten micro-
liters of cell suspension from each vial was immediately
diluted in 990 ml of Hanks’ buffer w/o (Ca21 and Mg21),
and 330 ml from each dilution was thereafter suspended
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into 3 ml of methylcellulose medium with erythropoietin
and phytohemagglutinin-leukocyte conditioned medium
(Methocult™ H4433, Stemcell, Vancouver) to a final
concentration of 1.0–2.2 3 105 cells/ml.

The cells were then distributed into a 24-well culture
plates (Costar 3524). From each of the two media con-
taining cells, 0.5 ml of cell suspension/well 3 4 were
filled into eight wells (the empty wells filled with 0.9%
saline). The cells were incubated at 37°C in a humidified
atmosphere of 5% CO2 for 14 days colony-forming unit-
erythroid (CFU-E; 40 or more cells/colony), colony-
forming unit-granulocyte, macrophage (CFU-GM), and
colony-forming unit-granulocyte, erythroid, macrophage,
megakaryocyte (CFU-GEMM) colonies were then enu-
merated under an inverted light microscope (all wells
blinded). The results are presented as the number of
CFU/ml original (before DMSO addition) seeded cells
(mean of four parallel cultures). The CFU total is defined
as the sum of CFU-E, CFU-GM, and CFU-GEMM.

All reagents used in these assays have been standard-
ized by the producer. The practical procedures in our lab-
oratory have also been standardized, and all assays were
performed by the same experienced technician. The re-
producibility of our methods has been documented by in-
dependent examination by many other laboratories in par-
allel assays and by evaluation in international workshops
(originized by StemCell Technologies).

Megakaryocytic progenitor assay

Megakaryocyte progenitors were always analyzed in
parallel with other CFUs (see above), and 200 or 250 ml
of thawed cells were then suspended in 8.5 ml of Hank’s
buffer before centrifugation at 200 3 g for 12 min to get
rid of platelets, plasma, and DMSO. The cells were there-
after washed once in Hank’s buffer (515 3 g, 9 min) and
resuspended in Iscove’s modified Dulbecco’s medium
(IMDM) with 0.1 mg/ml gentamicin. From this suspen-
sion, 0.1 ml containing 2–10 3 105 cells was added to 
2 ml of Megacult™-C medium with cytokines (human
megakaryocytic progenitor assay, Stemcell, Vancouver).
This CFU-Mk assay has been optimized for accurate
quantitation, standardized for Mk progenitors, and per-
formed by an experienced scientist. The cells were incu-
bated in the collagen-based system for 14 days in a hu-
midified atmosphere of 5% CO2 at 37°C before they were
fixed and stained.

The Mk cells were stained with a primary antibody to
the Mk-specific CD41 antigen (GPIIb/IIIa) linked to a
secondary biotinylated antibody–alkaline phosphatase
avidin conjugated detection system to amplify the pri-
mary signal. The stained slides were kept in the dark at
4°C until Mk colonies were counted in an inverted light
microscope. CFU-Mk 20–49 cells/colony, CFU-MK .50
cells/colony, and CFU-Mk/non-Mk colonies (CFU-Mk-

Mix, containing other linages in addition to Mk) were
counted. CFU-Mk-total is defined as the sum of these
colonies. Platelets also express GPIIb/IIIa and are stained
pink as the megakaryocytes and will be seen on the slides.
Because the platelets are much smaller and without nu-
clei, they are easily differentiated from Mk colonies.
Samples were blinded, and CFU-Mk colonies were
counted in an inverted light microscope by the same per-
son throughout the experimental period.

Viability

The 5% and 10% samples were checked for viability
with Trypan Blue dye exclusion (Sigma) simultaneously
with dilution of the samples into methylcellulose medium.

Statistical analysis

The Wilcoxon’s test for paired samples (two-tailed
test) was used for statistical comparisons, and Kendall’s
t-test was used for correlation analysis (SPSS software
package; SPSS, Chicago, IL). Differences were regarded
as statistically significant when p , 0.05. SPSS software
has also been used to determine the means and SDs
shown in Table 1.

RESULTS

CFU-GM, CFU-E, and CFU-GEMM after
cryopreservation in 5% and 10% DMSO

Although the frequencies of clonogenic cells showed
a wide variation between the patients, the differences in
individual products were relatively small when compar-
ing samples frozen with 5% and 10% DMSO. Figure 1
illustrates the individual values of CFU-GM and CFU-E
after 3 months. Out of 27 cases, 2 increased more than
50% compared to 10% samples, 5 increased .25%, while
1 decreased .25% of the CFU-GM values. For CFU-E,
6 cases increased more than 50% and 4 .25%, whereas
only one decreased more than 25%.

The values from the 10% vials and the vials from the
cryobags appeared uniform. The data from 27 samples in
parallel were therefore pooled for each type of colony.
The median values of CFU-GM, CFU-E, and CFU-
GEMM were higher for 5% samples than for 10% sam-
ples, and for CFU-E and CFU-GEMM the comparison
was significant (p , 0.040 and 0.004 respectively; Table
1). The numbers of CFU-GM, CFU-E, and CFU-GEMM
showed significant correlations between 5% and 10%
DMSO samples (Kendall’s test, p , 0.01 for all three).
The ratio between the median values for 5% and 10%
samples were all above 1.00. Samples from 14 of these
patients were also examined after 1 year of cryopreser-
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vation (Table 1). Increased numbers of CFU-GEMM and
CFU-E were detected for samples with 5% DMSO as
compared to 10% (p , 0.003 and 0.035, respectively).
The means and SDs are also given in the Table 1, again
showing higher values for 5% samples.

CFU-Mk after cryopreservation in 5% and 
10% DMSO

CFU-Mk was also examined for samples cryopre-
served in 5% and 10% DMSO. Figure 2 illustrates the
individual values of CFU-Mk .50 after 3 months and
after 1 year. Out of 27 cases, 6 increased more than 50%
and 6 increased .25%. Three cases decreased more than
50% and 4 cases .25%. Out of 14 cases after 1 year of

cryopreservation, 5 cases increased more than 50%, 2
cases .25%, and 3 cases decreased .25%, all compared
to 10% samples.

The number of CFU-Mk .50 and CFU-Mk-total did
not differ significantly for the 5% and 10% samples tested
at 3 months (n 5 27) and 1 year (n 5 14) of storage
(Wilcoxon’s test for paired samples). The values of CFU-
Mks showed a significant correlation for samples with
5% and 10% DMSO with Kendall t-test (p , 0.01) both
at 3 months and 1 year. Table 1 shows that there is a
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FIG. 1. CFU-GM and CFU-E colony formation in samples
from 27 different patients. Parallel samples with 5% and 10%
DMSO were stored frozen in liquid N2 for 3 months.

FIG. 2. CFU-Mk .50 colony formation in parallel samples
from 27 different patients. Parallel samples were stored frozen
in liquid N2 for 3 months; and CFU-Mk .50 colony formation
from 14 of these patients were also investigated after 1 year.



higher median value for 5% samples than for 10% sam-
ples after 1 year when testing for both CFU-Mk .50 and
CFU-Mk-total, while at 3 months the values are similar
for both these CFU colonies. The median 5% versus 10%
ratio was above 1.15 for CFU-Mk .50 and CFU-Mk-
total both at 3 and 12 months.

All patients showed satisfactory hematopoietic recon-
stitution with platelet counts exceeding 50 3 109/L
within 20 days (range 11–20) and granulocyte counts
.0.5 3 109/L within 20 days (range 9–20) after auto-
transplantation.

Viability of nucleated cells and recovery of
CD341 cells in the PBPC autografts

The viability test with Trypan Blue dye exclusion
showed that the cells cryopreserved in 5% DMSO (me-
dian number of viable cells 85%, range 72–94%) had a
significant higher viability than the cells preserved in
10% DMSO (median 78%, range 55–92%; p , 0.001).
The recovery of CD341 cells (numbers before and after
freezing) was compared for 5% and 10% samples for 7
patients, and no statistically significant difference was
observed (mean recovery 88% for 5% DMSO and 78%
for 10%).

DISCUSSION

High-dose chemotherapy with autologous stem cell
rescue usually requires cryopreservation of the stem cells
until conditioning therapy and later reinfusion of the
stored PBPC (5,6). The stem cells are usually preserved
in 10% DMSO. Our present results suggest that cryo-
preservation of PBPC in 5% rather than 10% DMSO is
at least equally good when samples are stored for up to
1 year in liquid N2. This decreased DMSO concentration
would result in a lower amount of DMSO reinfused to
the patient, and therefore decreased toxic effects after re-
infusion would be expected.

A previous study demonstrated that the freezing pro-
cedure has a major influence on the preservation of
clonogenic cells (18). Therefore, all of our samples
were handled according to generally accepted guide-
lines for autologous PBPC grafts to ensure that our re-
sults are representative for the clinical use of PBPC
autolog grafts. The quality of these routines was doc-
umented through regular evaluation of CD341 cell re-
covery during the study period. Samples with 5% and
10% DMSO from the same patient were always han-
dled in parallel. Because 90% of PBPC harvested pa-
tients are autotransplanted within 3 months, we did not
examine samples that were stored for more than 12
months.

A comparison of CD341 cell recovery (i.e., number
of cells before and after freezing) in paired samples with
5% and 10% DMSO was only available for 7 patients,
and no difference was observed. However, a high re-
covery of CD341 cells preserved in 10% DMSO was
documented in several samples throughout the study pe-
riod. Taken together with our observation that the num-
bers of clonogenic progenitors in 5% samples were
equal to or higher than in the 10% samples, it can be
concluded that both 5% and 10% results in a high re-
covery of progenitor cells compared with the prefreez-
ing levels.

Our results demonstrated that cryopreservation of
clonogenic cells in 5% DMSO was at least as good as
routine preservation in 10% DMSO solution, and this was
true both for CFU-E, CFU-GM, CFU-GEMM, and CFU-
Mk stored for up to 1 year in liquid N2. The numbers of
CFU in 5% and 10% DMSO samples also showed a sig-
nificant correlation. In contrast, Galmes et al. (19) have
previously described a decreased recovery of certain CFU
subsets (CFU-GM, CFU-E) when hematopoietic progen-
itors was cryopreserved in 5% and stored for 1 year at
280°C. Taken together with our present results, these ob-
servations suggest that storage at 2140°C or below in
liquid N2 may be essential when hematopoietic stem cells
are preserved in 5% DMSO. We did not examine DMSO
concentrations below 5% because previous studies have
demonstrated that stem cell recovery is dramatically re-
duced when lower concentrations are used for cryo-
preservation (13). Successful engraftment at these lower
DMSO concentrations seems to depend on combination
with HES (12).

The analysis of CFU-Mk is time consuming and not
suitable for routine evaluation of PBPC grafts. How-
ever, CFU-Mk showed a significant correlation with
CFU-total in the routine erythropoietin/conditioned
medium assay, and this observation suggests that this
simplified assay simultaneously indicate the content of
megakaryoblasts.

The clinical toxicity after reinfusion of cryopreserved
PBPC grafts depends both on the amount of DMSO and
the amount of reinfused damaged and dead cells
(10,15,20–22). The majority of nucleated cells in our
grafts were differentiated normal leukocytes, and cryo-
preservation in 5%, as compared to 10% DMSO, was as-
sociated with increased viability of these cells. Thus, de-
creased toxicity with 5% DMSO would be expected both
because of the decreased amount of DMSO and because
of decreased release of intracellular components from
dead cells in the autografts.

Douay et al. (18) have pointed out that freezing geom-
etry is so important that conclusions from small sample
in cryotubes cannot be drawn by simple extrapolation on
cryobags. In clinical practice, comparison between PBPC
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cells cryopreserved in cryobags with 5% and 10% DMSO
can only be achieved in the majority of patients by per-
forming additional apheresis procedures to get enough
CD341 cells to fill an additional cryobag with 5%
DMSO. In the present study, a well-established pro-
grammed freezing technique has been used. Because the
cells in the samples cryopreserved with 5% and 10%
DMSO have been handled strictly in parallel, we believe
that a comparison between the cells in the cryotubes are
reasonable. However, the optimal next step might be, in
patients with a high CD341 cell count in the apheresis
product, to compare cells frozen in cryobags with 5 and
10% DMSO before it is envisaged to introduce a new
freezing protocol with 5% DMSO into clinical routine.

In conclusion, the results from the present study sug-
gest that colony formation and cell viability are not ham-
pered when PBPC cells are frozen only with 5% DMSO.
These results alone do not justify for alteration in the
present clinical routines using 10% DMSO for cryo-
preservation of PBSC grafts, but our results suggest that
the possibility of using 5% DMSO should be investigated
further in clinical studies.
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