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ABSTRACT 
 
Cord blood (CB) is an unlimited source of hematopoietic stem and progenitor cells (HSPC). The 
use of cryopreserved CB-derived CD34+ HSPCs is successful in children and usually leads to 
rapid hematopoietic recovery upon transplantation. However, current methods for ex vivo 

expansion of HSPCs still result in a loss of multilineage differentiation potential and current 
freeze-thawing protocols result in significant cell death and loss of CD34+ HSPCs. The major 
cause for the loss of viability after slow freezing is apoptosis induced directly by cryoinjury. Very 
recent reports have demonstrated that Y-27632, a selective and robust ROCK inhibitor is a potent 
inhibitor of the apoptosis and is efficient in enhancing the post-thaw survival and recovery of 
different human stem cells including human embryos, hESCs, induced pluripotent stem cells and 
mesenchymal stem cells. Here, we analyzed the effect of such an inhibitor in CB-derived CD34+ 

HSPCs. CB-derived CD34+ HSPCs were MACS-isolated and treated with or without 10µM of Y-

27632. The effect of Y-27632 on culture homeostasis was determined in both fresh and 
cryopreserved CB-derived CD34+ HSPCs. Our results indicate that the Y-27632 not only 
dramatically inhibits cell expansion of both fresh and cryopreserved CD34+ HSPCs but also 
impairs survival/recovery of CD34+ HSPCs upon thawing regardless whether Y-27632 is added 
to both the cryopreservation and the expansion media and or just to the expansion culture 
medium with or without hematopoietic cytokines. This study identifies for the first time a 
detrimental effect of Y-27632 on the expansion and survival of both fresh and cryopreserved CB-
derived CD34+ HSPCs, suggesting that Y-27632 may have a differential impact on distinct 
lineage/tissue-specific stem cells. Our data suggest different functions of Y-27632 on human 
stem cells growing in suspension versus those growing attached to either treated tissue culture 
plastic or extracellular matrix. We discourage any clinical application of Y-27632 in potential 
technical developments aimed at improving cryopreservation procedures of CB-derived cells 
and/or in vitro expansion of HSPCs without spontaneous differentiation. 
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INTRODUCTION 
 
Hematopoietic stem cell transplantation (HSCT) may be curative in a large variety of diseases. 

Cord blood is an unlimited source of hematopoietic stem and progenitor cells (HSPC) for 

allogeneic HSCT. Cord blood transplantation (CBT) has extended the availability of allogeneic 

HSCT to patients who would not otherwise be eligible for this curative approach [1]. CB units are 

usually banked for future unrelated or related CBT. There are currently over 400.000 banked CB 

units registered worldwide [1]. The use of cryopreserved CB-derived CD34+ HSC is successful in 

children and usually leads to rapid hematopoietic recovery [2-5]. However, there is clearly room 

for improvements as current methods for ex vivo expansion of HSPC still result in a loss of 

multilineage differentiation potential and current freeze-thawing protocols result in significant cell 

death and loss of CD34+ HSPC populations essential for engraftment [6-11]  

 The major cause for the loss of viability after slow freezing is apoptosis induced directly 

by cryoinjury [12]. Very recent reports have demonstrated that Y-27632, a selective and robust 

inhibitor of p160-Rho-associated coiled-coil kinase (ROCK), is a potent inhibitor of the apoptosis 

and is efficient in enhancing the post-thaw survival and recovery of frozen human embryos [13], 

cryopreserved human embryonic stem cells (hESCs) [14-20], induced pluripotent stem cells (iPS 

cells) [21] and human mesenchymal stem cells (hMSCs) [22]. 

 In the present study, therefore, we attempted to assess the effect of the ROCK inhibitor 

Y-27632 on the expansion and cellular survival of both fresh and cryopreserved CD34+ HSPCs 

which, in contrast, to the aforementioned human stem cells (blastocysts, hESCs, iPS cells, 

MSCs) grow in suspension rather than attached or as colony aggregates. 
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MATERIAL AND METHODS 
 
Cord Blood-derived CD34+ HSPC isolation and culture 

Different fresh Cord Blood (CB) units from healthy newborns were obtained from local hospitals 

upon approval by our local Ethics and Biozahard Board Committee. CB samples were pooled to 

reduce variability between individual freshly-isolated CB units (n=5 CB pools). Mononuclear cells 

were isolated using Ficoll-Hypaque (GE Healthcare, Stockholm, Sweden). After lysing the red 

blood cells (Lysis solution, StemCell Technologies, Vancouver, Canada), CD34+ cells were 

purified by magnetic bead separation using the human CD34 MicroBead kit (Miltenyi, Munich, 

Germany) and the AutoMACS Pro separator (Miltenyi) as per manufacturer’s instructions. After 

washing in phosphate-buffered saline (PBS), equal numbers of CD34+ cells were plated in liquid 

culture: Stem Spam (Stem Cell Technologies) supplemented with SCF (100ng/mL), FLT3L 

(100ng/mL) and IL-3 (10ng/mL) (Peprotech, London, UK) in the presence or absence of 10μM of 

the ROCK inhibitor Y-27632 (Calbiochem, San Diego, CA, USA). In some experiments, the liquid 

culture was not supplemented with hematopoietic cytokines to address the potential effect of the 

ROCK inhibitor in the absence of such cytokine stimulation. Y-27632 was added to the culture 

medium daily. 

 As aforementioned, identical experiments (n=4) were performed using MACS-isolated 

CB-derived CD34+ cells from cryopreserved CB units. CB-derived cells were frozen using current 

protocols (culture medium supplemented with 10% v/v dimethyl sulfoxide (DMSO) using a slow 

linear cooling curve). Ten µM of Y-27632 was added to both the cryopreservation medium and 

the expansion medium or just to the expansion medium daily. Cells were kept frozen in liquid 

nitrogen for several weeks. Then, cells were thawed at 37ºC, washed in PBS and equal numbers 

of CD34+ cells were cultured for up to 13 days in the presence or absence of 10μM of Y-27632. 

Analysis of CD34+ cells in the culture was determined by flow cytometry at days 0, 4, 9 and 13. 
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Cell Cycle Analysis 

CB-derived CD34+ cells were harvested after 4, 9 and 13 days of culture and pelleted by 

centrifugation. Cell pellets were washed with PBS, fixed in 70% ice-cold ethanol, and stored for 

up to 2 weeks at -20°C. Cells were washed with PBS followed by incubation in 50 µg/ml 

propidium iodide (PI) and 100 µg/ml RNase A (Sigma) for 30 min. Stained nuclei were analyzed 

on a FACS Canto-II using the FACS Diva software (Becton Dickinson, San Jose, CA, USA). 

Modfit software (Becton Dickinson) was used to discriminate among apoptotic cells (Sub-G0/G1), 

quiescent cells (G0/G1) and cycling cells (S/G2/M). Cell death was also analysed by 7-actinomycin 

D (7-AAD) staining [23]. 

 

Caspase 3 and PI staining 

CB-derived CD34+ cultured cells were harvested after 4, 9 and 13 days and pelleted by 

centrifugation. Unfixed cells were assayed for active caspase 3 immediately after harvesting 

using CaspGLOW Fluorescein Active Caspase-3 staining Kit according to the manufacturer´s 

instructions (MBL Corp., Woburn, MA). Subsequently, they were resuspended in PBS containing 

50 µg/ml of PI, 100 µg/ml of RNAse A and 0.1% (v/v) of Triton X-100. After 30 min. incubation, 

the cell suspension was analyzed by flow cytometry for active caspase-3 and cell cycle 

simultaneously on a FACS Canto-II (Becton Dickinson).  

 

Colony Forming Unit (CFU) Assay 

On day 0, 4, 9, 13 of culture, CB-derived CD34+-enriched fraction was plated (2x103/cm2) in 

methycellulose assays supplemented with SCF (50ng/mL), GM-CSF (10ng/mL), IL-3 (10ng/mL) 

and Erytropoietin (3U/mL) (Methocult GF H4434; StemCell Technologies) in the presence or 

absence of Y-27632 (10μM). After 12-14 days in culture, colonies were counted and scored 

[3,24,-26].  
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Statistical Analysis 

All data are expressed as mean ± standard errors of the mean (SEM). Statistical comparisons 

were performed with a paired Student’s t test. Statistical significance was defined as a P value < 

0.05 [4,5,27,28].    

 

RESULTS  

Y-27632 dramatically inhibits proliferation but do not impair differentiation of freshly-

isolated CD34+ HSPCs 

CD34+ HPSCs were MACS-isolated from fresh CB units. Purity was consistently higher than 91% 

(Figure 1A). Equal numbers of CD34+ HSPCs were cultured in liquid culture supplemented with 

hematopoietic cytokines for up to 13 days in the presence or absence of Y-27632. Proliferation 

was measured on days 4, 9 and 13 relative to the number of CD34+ HSPCs initially plated. As 

shown in Figure 1B, overall cell expansion was reduced up to 8-fold (p<0.001) when Y-27632 

was added into the culture medium. As it is well-established, CD34+ HSPCs gradually 

differentiated in vitro losing CD34 expression, indicating that Y-27632 does not impair 

differentiation/maturation of CD34+ HSPCs (Figure 1C, 1D). Accordingly, the absolute numbers 

of both CD34+ and CD34- cell subsets throughout the 13-day period in vitro were measured in 

the presence or absence of Y-27632. As shown in Figure 1E and 1F, Y-27632 significantly 

(p<0.03) inhibited the proliferation of CD34+ HSPCs and, at least extend, CD34- mature cells 

(Figure 1E, 1F). Interestingly, Y-27632 inhibited proliferation of CD34+ HPSCs (Figure 1E) but 

did not impair the differentiation/maturation of CD34+ HSPCs in liquid culture (Figure 1C, 1D) or 

in colony-forming units (CFU) assays (Figure 1G). Taken together, this data indicates that Y-

27632 dramatically inhibits the proliferation of freshly-isolated CD34+ HSPCs without impairing 

CD34+ HSPCs differentiation/maturation. 
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Y-27632 induces cell death coupled to cell cycling of CD34+ HSPCs 

Because of the robust loss of cellularity in CB cell cultures treated with Y-27632, we next 

analysed cell death and cell cycle distribution in Y-27632-treated and untreated CB cultures. Cell 

death was determined as the Sub G0/G1 fraction (Figure 2A) or 7-ADD+ fraction. Both assays 

provided identical results (data not shown). As shown in Figure 2B, cell death was significantly 

higher (between 2-3 fold higher) in those cultures treated with Y-27631: 14% vs 5%, 41% vs 18% 

and 37% vs 18% on day 4, 9 and 13, respectively. As for cell cycle distribution, no differences 

were observed at day 4 after Y-27632 treatment (Figure 2C, 2D). From day 9 onwards, a 

significantly higher (1.45 fold higher) number of cycling cells (S/G2/M) were detected in those CB-

cultures treated with Y-27632: 44% vs 30%, and 32% vs 22% on day 9 and 13, respectively. CB-

derived cells were stained with an antibody anti active Caspase 3 and PI in order to determine at 

which phase of the cell cycle apoptosis is mainly occurring. As depicted in Figure 2E, over 80% 

of the caspase-3+ apoptotic cells were at G0/G1 cell cycle phase in Y-27632-treated cultures.  

These data suggest that Y-27632 dramatically inhibits CD34+ HSPCs expansion through 

apoptosis/cell death induction which contributes more than cell cycling (2-3 fold versus 1.45 fold) 

to Y-27632-induced inhibition of proliferation. 

 We next wondered whether the Y-27632 effect may be linked, to some extend, to the 

cytokine cocktail (SCF, FLT3, IL3) used to pre-stimulate CB-derived CD34+ HSPCs. Accordingly, 

the same cell cycle/apoptosis assay was performed under cytokine-free conditions (Figure 2F). 

In hematopoietic cytokines-free cultures, Y-27632 similarly inhibited cell expansion by inducing 

cell death (Sub G0/G1: 71% vs 58%). Taken together, regardless the use of hematopoietic growth 

factors, Y-27632 robustly inhibits cell proliferation of freshly-isolated CD34+ HSPCs by inducing 

apoptosis/cell death. 

  



 8 

Y-27632 improves neither expansion nor survival of cryopreserved CD34+ HSPCs 

 In an autologous transplantation setting, previously harvested and frozen CD34+ HSPCs 

need to be thawed before the infusion into the patient. The major cause for the loss of viability 

after slow freezing is apoptosis induced directly by cryoinjury [22]. Very recent reports have 

demonstrated that Y-27632, is efficient in enhancing the post-thaw survival and recovery of 

different cryopreserved human stem cells when added either to the cryopreservation medium or 

expansion medium or to both [13,15-20]. We thus wanted to determine the effect of Y-27632 on 

cryopreserved CB-derived CD34+ HSPCs. Y-27632 was added to both the cryopreservation and 

the expansion media or just to the expansion medium.  

 An initial set of experiments was performed in which the effect of Y-27632 addition was 

analysed only in the expansion culture medium used to grow and maintain thawed CD34+ 

HSPCs. Identical with the effect of Y-27632 on freshly-isolated CD34+ HSPCs, overall cell 

expansion of frozen-thawed CB-derived cells was profoundly reduced (10-fold; p<0.0001) from 

day 4 onwards when Y-27632 was added into the medium (Figure 3A). As reported for freshly-

isolated CD34+ HSPCs, frozen-thawed CD34+ cells also differentiated normally in vitro, losing 

CD34 expression within 13 days (Figure 3B, 3C). Accordingly, regarding absolute numbers, Y-

27632 significantly inhibited the expansion of CD34+ HSPCs (p<0.01) (Figure 3D) and CD34- 

mature cells (p<0.001) (Figure 3E) throughout the 13-day period. Figure 3F shows a 

representative CD34 versus 7-ADD staining displaying the higher apoptotic rate (7-ADD+ cells) in 

both CD34+ and CD34- cell subsets. 

 We finally wondered whether the supplementation of the standard cryopreservation 

medium containing 10% v/v DMSO (slow linear cooling curve) with Y-27632 would facilitate the 

survival/recovery of cryopreserved CD34+ HSPCs upon thawing. Addition of Y-27632 to both the 

cryopreservation and expansion media also resulted in a strong reduction (7 to 11-fold) of overall 

cell expansion of frozen-thawed CB-derived cells (Figure 4A). CD34+ cells cryopreserved in the 
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presence of Y-27632 differentiated normally in vitro, losing CD34 expression within 13 days 

(Figure 4B, 4C). Regarding absolute numbers, Y-27632-supplemented cryopreservation medium 

and expansion media dramatically inhibited the expansion of CD34+ HSPCs (Figure 4D) and 

CD34- mature cells (Figure 4E) throughout the 13-day period. In sum, our results indicate that 

the ROCK inhibitor Y-27632 not only profoundly inhibits cell expansion of both fresh and 

cryopreserved CD34+ HSPCs but also improves neither survival nor recovery of CD34+ HSPCs 

upon thawing regardless Y-27632 being added to both the cryopreservation and the expansion 

media or just to the expansion medium. 

 

DISCUSSION 

The role of HSCT in the treatment of hematologic and non-hematologic malignancies is rapidly 

expanding. In certain situations fresh HSPCs can be employed in the setting of allogeneic 

transplantation. However, the current therapeutic strategies demand that the HSPCs are 

cryopreserved for virtually all autologous and many allogeneic transplants. This strategy has been 

proven to be safe and not associated with significant adverse outcomes regarding engraftment 

failure or graft versus host disease [6,29]. The cryopreservation process is of importance for all 

types of stem cell collection, but is perhaps particularly critical for CB. The actual transplant is 

here harvested at the time of birth and used at a later point in time. Despite existing slight 

variations among transplant centers, the most widely used crypreservation method involves 

addition of 10% v/v DMSO and a constant cooling rate of 1ºC per minute. Current methods for ex 

vivo expansion of HSPCs still result in a loss of multilineage differentiation potential and current 

freeze-thawing protocols result in significant cell death and loss of CD34+ HSPCs essential for 

engraftment, being the apoptosis induced directly by cryoinjury the major cause for the loss of 

viability after slow freezing.  

 Very recent reports have demonstrated that Y-27632, a selective and robust inhibitor of 



 10 

p160-Rho-associated coiled-coil kinase (ROCK), is a potent inhibitor of the apoptosis and is 

efficient in enhancing the post-thaw survival and recovery of frozen human blastocysts [13], 

hESCs [14-20], iPS cells [21] and hMSCs [22]. Of note, all these human stem cells have in 

common that they grow attached to the treated tissue culture plastic or extracellular matrix and in 

many cases they also form physiological cell aggregates. Interestingly, however, the potential 

effect of Y-27632 on human CB-derived CD34+ HSPCs has not been explored yet. Furthermore, 

it is worth mentioning that, in contrast to the aforementioned human stem cells (blastocysts, 

hESCs, iPS cells, MSCs), CD34+ HSPCs grow in suspension rather than attached or as colony 

aggregates. In the present study, the effect of Y-27632 on culture homeostasis was determined in 

both fresh and cryopreserved CB-derived CD34+ HSPCs. 

 Our results indicate that the Y-27632 dramatically inhibits cell expansion of both fresh and 

cryopreserved CD34+ HSPCs but also improves neither survival nor recovery of CD34+ HSPCs 

upon thawing regardless whether Y-27632 is added to both the cryopreservation and the 

expansion media and or just to the expansion medium. These data discourage any clinical 

application of Y-27632 in potential technical developments aimed at improving cryopreservation 

procedures of CB-derived cells and/or in vitro expansion of HSPCs without spontaneous 

differentiation. Our data could be reproduced in the presence and absence of hematopoietic 

cytokines, suggesting that Y-27632 negatively affects the culture homeostasis of both fresh and 

cryopreserved CB-derived CD34+ HSPCs in a cytokine-independent manner. 

 From a mechanistic standpoint, several recent studies have suggested that hESCs, iPS 

cells and hMSCs treated with Y-27632 are able to escape apoptosis when dissociated into single 

cells or detaching them from the treated tissue culture plastic, reinforcing the concept of Y-27632 

as a potent inhibitor of apoptosis based upon Rho´s role in accepting signals from G protein-

coupled receptors and extracellular matrix (ECM) [30,31]. In contrast, however, our data on CB-

derived CD34+ HSPCs does not support an anti-apoptotic role of the Y-27632. Our data is in line 
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with previous observations indicating that if cell interactions are prevented, Y-27632-treated cells 

do not survive [15]. Rho kinase and ROCK are ubiquitous proteins which have been found to play 

a role in regulating multiple cellular processes including cell proliferation, apoptosis, cell-cycle 

progression, migration, actin cytoskeleton, cell polarity and cell-cell interaction [15,30]. In contrast 

to previous reports [12,13,16-21], this study identifies for the first time a detrimental effect of Y-

27632 on the expansion and survival of both fresh and cryopreserved CB-derived CD34+ 

HSPCs. Therefore, in agreement with Rancourt´s Lab [15] our data supports that the effect of 

iROCK on cell-cell interaction and cell adherence may be crucial. We speculate that Y-27632 

may have a differential impact not only on distinct lineage/tissue-specific stem cells but may also 

function differentially on human stem cells growing in suspension versus those growing attached 

to either treated tissue culture plastic or extracellular matrix. Future work needs to be done to 

gain further insights into the cellular and molecular mechanisms underlying the apparently 

differential role of Y-27632 among distinct types of human stem cells. 
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LEGEND TO FIGURES 

Figure 1: Y-27632 inhibits cell expansion but not differentiation of freshly isolated CD34+ 

HSPCs. (A) Representative flow cytometry dot plots displaying purity upon CD34+ FACS sorting. 

(B) Growth curves (cell expansion) in the presence or absence of Y-27632 measured for up to 13 

days. Percentage of CD34+ (C) and CD34- cells (D) in the culture at different time points in the 

presence or absence of Y-27632. Absolute numbers of CD34+ (E) and CD34- cells (F) at 

different time points in the presence or absence of Y-27632. (G) Total number of hematopoietic 

colonies per 105 CD34+ cells plated in methylcellulose assays in the presence or absence of Y-

27632. Asterisks represent statistical significant differences (p<0.05). 

 



 13 

Figure 2: Y-27632 induces cell death but also cell cycling of CD34+ HSPCs. A) 

Representative flow cytometry cell cycle distribution in the presence or absence of the Rock 

inhibitor Y-27632. (B) Cell death induced by Y-27632 on CD34+ HSPCs measured as Sub G0/G1 

cell fraction. (C) Proportion of cycling CD34+ cells (S/G2/M) in in vitro cultures with or without Y-

27632. (D) Proportion of dormant CD34+ cells (G0/G1 phase) in in vitro cultures with or without Y-

27632. (E) Representative flow cytometry analysis of active caspase-3 and PI. (F) Representative 

flow cytometry cell cycle distribution in the presence or absence of the Rock inhibitor Y-27632 

under hematopoietic cytokines-free culture conditions. Asterisks represent statistical significant 

differences (p<0.05). 
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Figure 3: Y-27632 reduces survival/recovery of cryopreserved CB CD34+ and CD34- cells. 

(A) Growth curves (cell expansion) of cryopreserved CB-derived CD34+ cells in the presence or 

absence of Y-27632 measured for up to 13 days. Post-thawing percentage of CD34+ (B) and 

CD34- cells (C) at different time points in the presence or absence of Y-27632. Post-thawing 

absolute numbers of CD34+ (D) and CD34- cells (E) at different time points in the presence or 

absence of Y-27632. (F) Representative flow cytometry panels displaying cell death of CD34+ 

and CD34- cell subsets analysed by 7-AAD staining. Asteriskis represent statistical significant 

differences (p<0.05). 
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Figure 4: Supplementation of the cryopreservation medium with Y-27632 does not improve 

the survival and recovery of thawed CB-derived cells. (A) Y-27632-supplemented 

cryopreservation medium does not facilitate survival/recovery of thawed CB-derived cells. Post-

thawing percentage of CD34+ (B) and CD34- cells (C) at different time points in the presence or 

absence of Y-27632 in the expansion media. Post-thawing absolute numbers of CD34+ (D) and 

CD34- cells (E) at different time points in the presence or absence of Y-27632 in the expansion 

media. All the data displayed in Figure 4 have been generated from CD34+ HSPCs 

cryopreserved in the presence of Y-27632. 
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