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Abstract
Poor recovery of cryopreserved human embryonic stem (hES) cells and induced pluripotent stem
(iPS) cells is a significant impediment to progress with pluripotent stem cells. In this study, we
demonstrate that Y-27632, a specific inhibitor of Rho kinase (ROCK) activity, significantly
enhances recovery of hES cells from cryopreserved stocks when cultured with or without a growth
inactivated feeder layer. Furthermore, treatment with the ROCK inhibitor for several days
increased the number of colonies and colony size of hES cells compared to shorter exposures.
Remarkably, hES cells that had formed relatively few colonies five days after thawing exhibited
rapid growth upon addition of Y-27632. Additionally, we determined that Y-27632 significantly
improves the recovery of cryopreserved human iPS cells and their growth upon subculture. Thus,
Y-27632 provides a means to “kick-start” slow-growing human pluripotent stem cells, especially
after being thawed from frozen stocks. Together, these results argue that Y-27632 is a useful tool
in overcoming obstacles to studies involving the cultivation of both hES cells and human iPS
cells.
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INTRODUCTION
Human pluripotent stem cells have the potential to be an important source of virtually any
cell type for basic research, drug development, and clinical cell therapies. Several technical
issues currently constrain the utility of human embryonic stem (hES) cells for research and
clinical applications. In this regard, the ability to recover hES cells from frozen stocks can
be difficult, slow, and inefficient even in experienced hands. Although several studies have
described improvements in the process of cryopreserving hES cells (Fujioka et al., 2004;
Ware et al., 2005; Yang et al., 2006), it is widely recognized that only a very small fraction
of the frozen cell population is recovered. Moreover, re-establishment of cultures from
frozen stocks using commonly used methods is often slow enough that the growth-
inactivated feeder layer begins to deteriorate. In contrast to single cell methods, methods of
freezing hES cells in clusters can be effective at generating high survival rates after
cryopreservation, but can be labor intensive (Zhou et al., 2004; Ji et al., 2004; Suemori et al.,
2006; Katkov et al., 2006). Consequently, improvements in the culture of hES cells would
enhance the study and, possibly, the therapeutic use of these cells, especially when an
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inefficient cryopreservation method is employed. Recently, Watanabe et al.(Watanabe et al.,
2007) reported that inhibition of Rho-associated coiled coil kinase (ROCK) activity
promotes the survival of dissociated hES cells, and greatly improves the clonal growth of
hES cells without affecting their ability to form teratomas consisting of cells derived from
each of the three embryonic germ layers. This suggested that use of a ROCK inhibitor may
significantly minimize the difficulties in recovering cryopreserved pluripotent human stem
cells.

ROCK activity is involved in a variety of cellular functions. It plays a central role in
regulating the phosphorylation of myosin light chain and a variety of other kinases and
cytoskeletal binding proteins (Riento and Ridley, 2003). Its role in cytoskeletal contraction
and rearrangement makes it essential to many fundamental cellular processes (reviewed in
(Riento and Ridley, 2003; Burridge and Wennerberg, 2004) including apoptosis, migration,
cytokinesis, proliferation (Pirone et al., 2006), and differentiation. Much of what is known
about ROCK activity has been discovered using ROCK inhibitors such as Y-27632.
However, many questions about ROCK inhibition in embryonic stem (ES) cells remain. In
this study we address three questions. Can ROCK inhibition enhance the recovery of hES
cells, human induced pluripotent stem (iPS) cells, and human embryonal carcinoma (EC)
cells from frozen stocks and augment their growth after subculture? What is the optimal
dose and timing for the addition of ROCK inhibitors to maximize their effect? Can ROCK
inhibition improve the recovery of cryopreserved hES cells when cultured directly in a
serum-free medium in the absence of a growth inactivated feeder layer?

RESULTS
ROCK inhibitors significantly improve recovery of hES cells from cryopreserved stocks

Previous work has shown that the addition of the ROCK inhibitor Y-27632 can improve the
cloning efficiency and survival upon dissociation of KhES-1 hES cells without altering their
karyotype or pluripotency (Watanabe et al., 2007). To address whether ROCK inhibition can
similarly aid in overcoming the difficulties in recovering hES cells from frozen stocks, H9
hES cells were thawed and grown on Matrigel coated tissue culture plastic with a mouse
embryonic fibroblast (MEF) feeder layer in medium with or without 10 μM Y-27632. The
cells were exposed to ROCK inhibition continuously for four days before being
photographed (Figure 1A). Cells treated with the ROCK inhibitor exhibited nearly a four-
fold increase in the number of colonies (p< 0.001) with normal hES cell morphology (Figure
1A and B). Additionally, each ROCK inhibitor-treated colony was, on average, twice the
size of the untreated counterparts (p = 0.019) (Figure 1A and C). Together, the combined
increase in the number and size of colonies represents approximately an eight-fold
enhancement in the number of cells recovered from frozen stocks of hES cells. These effects
were not specific to Y-27632, as another ROCK specific inhibitor, Fasudil, also improves
the recovery of frozen hES cells with nearly identical increases in colony size and number
(Figure 1D). Thus, the use of specific ROCK inhibition not only offers a significant
improvement in the regrowth of cryopreserved hES cells, but also substantially increases the
likelihood that the freshly thawed hES cells will expand sufficiently prior to detachment of
the feeder layer.

The effects of ROCK inhibition are reversible and enhance growth after subculture
To determine the utility of ROCK inhibitors for improving hES cell yield after subculturing,
H9 hES cells, which had previously been exposed to Y-27632 treatment for five days, were
subcultured as single cells using Accutase (Bajpai et al., 2008) into medium containing or
lacking Y-27632. This enabled us to address whether continuous ROCK inhibition creates
long-term alterations in the growth characteristics of hES cells. After four days of
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continuous exposure to the appropriate treatment medium, the cells were photomicrographed
(Figure 2A). H9 hES cells with prior exposure to Y-27632 reverted to the lower colony
forming capacity of untreated cells when Y-27632 was withdrawn. Additionally, cells with
prior continuous ROCK inhibitor exposure retained the ability to form nearly three times as
many colonies when subcultured into medium containing Y-27632 (p = 0.007), and those
colonies were on average more than six times as large as untreated cells (p = 0.02) (Figure
2B and C). These results were also recapitulated at different concentrations of Y-27632
(Figure 3A and B). These data demonstrate that ROCK inhibition can dramatically improve
hES cell growth and cell yield upon subculture.

Adding ROCK inhibitor five days after thawing stimulates colony growth
Previous studies (Coleman et al., 2001; Croft et al., 2005; Koyanagi et al., 2008; Coleman
and Olson, 2002; Olson, 2008; Minambres et al., 2006; Frisch and Screaton, 2001)
suggested that the mechanism by which Y-27632 affects hES cells is to block apoptosis of
suspended cells or cells at low density. This leads to the prediction that for ROCK inhibition
to be effective, it should be administered early to prevent apoptosis of the density or
suspension-stressed cells. To test this prediction, cryopreserved hES cells were thawed into
medium lacking Y-27632. After five days, few visible colonies had formed. At that time,
Y-27632 was added to the medium in half of the culture dishes for 24 hrs, leading to the
rapid appearance of significantly more colonies in the treated population (p = 0.04) (Figure
4A). Thus, improvements of freshly thawed hES cells can be obtained even when Y-27632
is added days after the cryopreserved cells are recovered from frozen stocks.

Although we determined that Y-27632 can strongly stimulate the growth of colonies five
days after thawing hES cells (when the colonies were less than 10–20 cells in size), adding
Y-27632 five days after passage had no discernible effect on the number of colonies (Figure
4B) or colony size (data not shown) when added to colonies that had undergone two
passages after thawing and had a size of ~30 or more cells. This suggests that recently
thawed cells which have attached to a matrix or feeder layer but which have not formed
sizable colonies are undergoing stress alleviated by Y-27632, while cells in well-established
colonies garner little benefit from the inhibition of ROCK signaling.

Y-27632 exerts significant effects when used for periods greater than 12 hrs
The surprising impact of Y-27632 on hES cells after five days in culture led us to address
the optimal timing and concentration of ROCK inhibitor to administer to maximize the
benefits for hES cell culture. H9 hES cells were subcultured into medium containing
increasing concentrations of Y-27632. The number of hES cell colonies and the surface area
of each colony were measured after four days of growth. The optimal dose for maximizing
the number of hES colonies was 10 μM (Figure 3A). This is in agreement with previous
studies showing that 10 μM Y-27632 was sufficient to inhibit 80–100% of ROCK’s kinase
activity and cytoskeletal phenotypes (Narumiya et al., 2000). While treatment with 20 μM
Y-27632 increased the average colony size in area (Figure 3B), the number of distinct hES
cell colonies decreased as adjacent colonies coalesced (Figure 3A). Consequently, when
both colony size and number of colonies were considered, there was no obvious benefit to
increasing the concentration of ROCK inhibitor beyond 10 μM.

Watanabe et al. found that the use of Y-27632 beyond twelve hrs after passage increased
hES cell colony size by a small but significant amount, but did not affect the number of
colonies (Watanabe et al., 2007). To determine whether the longer exposure times we used
were beneficial or unnecessary, we measured the colony formation and colony size effects
of Y-27632 in the medium for different lengths of time from the point of passage. One group
of cells was never exposed to Y-27632, another was exposed to the inhibitor for 48 hours
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after passage, and a third group for 96 hours. Colony size and the number of colonies were
measured for each group at 48, 96, and 120 hours after passage. As before, the initial
exposure to Y-27632 upon passage resulted in a significant increase in both the number of
hES cell colonies that form and mean colony size. However, the presence of ROCK
inhibitor in the medium for an additional 48 hrs doubled again the number of colonies and
tripled the size of those colonies (Figure 5A and B). Together, these results argue that to
achieve the maximum hES cell number benefit from Y-27632, treatments at 10 μM for
longer duration could be used.

Effect of ROCK inhibition on hES cells in the absence of a feeder layer
In most published reports, hES cells were cultured in the presence of a growth inactivated
feeder layer. However, several studies have described the growth of hES cells without a
feeder layer (Xu et al., 2001; Ludwig et al., 2006a; Ludwig et al., 2006b). Therefore we
sought to determine whether Y-27632 could improve the recovery of cryopreserved cells
when plated without a feeder layer even when the cells had been grown on a growth-
inactivated feeder layer prior to cryopreservation. For this purpose, we compared the
recovery of cryopreserved BG01V/hOG hES cells cultured in mTeSR1 medium with and
without Y-27632. mTeSR1 is a serum-free medium that is used in conjunction with Matrigel
coated tissue culture plastic (Ludwig et al., 2006a). Although cryopreserved BG01V/hOG
hES cells were recovered when thawed and cultured in mTeSR1 medium, the attachment
and morphology of the cells after 48 hrs were significantly improved when the mTeSR1
medium is supplemented with Y-27632 at 10 μM (Figure 6A). In addition, when colony
number and cell numbers were determined 72 hrs after the cells were thawed, we observed
more than a 2-fold increase in colony number (Figure 6B) and more than a 7-fold increase in
cell number (Figure 6C) when Y-27632 was added to the medium. However, we observed
detached, floating, dead cells after thawing and after subculture using mTeSR1 medium both
in the presence and the absence of the ROCK inhibitor. Overall, our findings argue that the
recovery of hES cells is significantly improved even when cultured in hES cell growth
medium that does not require a feeder layer.

ROCK inhibition has only modest effects on human EC cells
Human EC cells are frequently used as model systems for studying pluripotency,
differentiation, and development. To determine whether these models respond to Y-27632 in
a manner similar to hES cells, NT2/D1 human EC cells were thawed into medium
containing or lacking Y-27632. When the human EC line NT2/D1 was thawed with
Y-27632 treatment, there was no significant improvement in the number of colonies formed
compared to untreated cells (p > 0.05). However, after three days of culture with the ROCK
inhibitor, there were 35% (± 7%) more cells in the treated plates than in those without
Y-27632 (p = 0.004), suggesting a slight improvement in human EC cell growth due to
inhibition of ROCK signaling. Additionally, representative colonies were tracked for
changes in morphology and cell number over three days. Colonies treated with Y-27632
were not significantly improved compared to untreated controls (Figure 7).

Y-27632 significantly enhances the recovery and passage of human induced pluripotent
stem (iPS) cells

The ability to reprogram somatic cells into a pluripotent stem cell state provides a new and
valuable source of stem cells for scientific examination of both development and diseases.
Because iPS cells closely resemble hES cells, and their culture and cryopreservation suffer
from many of the same difficulties as hES cells, we hypothesized that use of a ROCK
inhibitor would also improve the recovery from frozen stocks and passage of human iPS
cells. To test this possibility, human iPS cells were thawed and grown on tissue culture
plastic coated with Matrigel and a growth-inactivated MEF feeder layer in medium with or
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without 10 μM Y-27632. After 48 hours, the number of visible colonies was determined.
Cells treated with the ROCK inhibitor exhibited colonies that were larger in size (Figure 8A)
and were more than seven times more numerous (p<0.001) (Figure 8B). Human iPS cells
also benefited from Y-27632 treatment upon passage. iPS cells which had been grown in the
absence of the ROCK inhibitor were subcultured and passed on tissue culture plastic coated
with Matrigel and a growth-inactivated MEF feeder layer in medium containing or lacking
Y-27632. The number of colonies was counted after 48 hours. More than three times as
many colonies had formed in the flasks treated with ROCK inhibitor (p=0.003) (Figure 8C).
Thus, like hES cells, human iPS cells form significantly more colonies upon recovery from
cryopreservation and dissociation for subculture when treated with Y-27632.

DISCUSSION
In this study, we demonstrate that the ROCK inhibitor Y-27632 dramatically improves the
recovery and growth of cryopreserved hES cells under a wide range of culture conditions.
While our studies were being completed, another group reported that Y-27632 improves the
recovery of hES cells from frozen stocks (Martin-Ibanez et al., 2008). Specifically, they
determined that the use of Y-27632 during the freezing step and during the recovery step
improved the cloning efficiency of frozen stocks of hES cells. They also demonstrated
growth in the presence of Y-27632 had no adverse effects on the karyotype of the cell, the
expression of genes required for the self-renewal of hES cells, or the ability of hES cells to
differentiate into cell types derived from each of the three embryonic germ layers. The
results in our study confirm the utility of Y-27632 using two additional hES cell lines,
including one of the most commonly used NIH-approved hES cell lines, H9. Importantly,
our work extends our understanding of Y-27632 in five important ways. First, we have
determined that Y-27632 improves the recovery of cryopreserved hES cells under culture
conditions where a growth inactivated feeder layer is not required, as well as a culture
condition where a feeder layer is needed. Second, we determined that Y-27632 does not
need to be added at the time when the cells are first replated in culture to enhance growth.
Third, we determined that after individual colonies of hES cells have become well
established, Y-27632 has relatively little effect on their continued growth. Fourth, Y-27632
provides only a modest improvement in the recovery of cryopreserved human EC cells.
Finally, Y-27632 significantly improves the recovery of cryopreserved human iPS cells.
Each of these points is discussed below.

Until recently, stocks of hES cells have been maintained primarily in the presence of a
growth inactivated fibroblast feeder layer. Our work, and the recent report by others,
demonstrates that the use of Y-27632 under these culture conditions dramatically improves
the recovery of frozen stocks of hES cells. Importantly, in this study, we have extended
these findings to culture conditions where a growth inactivated feeder layer is not needed.
Several years ago, a serum-free medium, mTeSR1, was developed for culturing human ES
cells without a feeder layer (Ludwig et al., 2006a; Ludwig et al., 2006b). The use of this
medium offers several important advantages. Besides avoiding the significant costs in time
and money involved in working with a growth inactivated feeder layer, the elimination of
the feeder layer greatly simplifies the biochemical analysis of hES cells, since there is no
protein or RNA contribution from the cells that make up the feeder layer. Additionally,
feeder-free and serum-free media culture conditions reduce key infectious disease obstacles
to the clinical application of pluripotent stem cell technologies. As shown by Ludwig and
colleagues, we determined that hES cells can be recovered when replated in mTeSR1
medium without a feeder layer. However, our results demonstrate that the addition of
Y-27632 considerably improves the recovery of cryopreserved hES cells when replated in
mTeSR1 medium. Thus, ROCK inhibitors enhance the ability of hES cells passaged as
single cells to grow without feeder support, rendering them more appropriate for futher

Claassen et al. Page 5

Mol Reprod Dev. Author manuscript; available in PMC 2012 January 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



analysis and clinical application. In our studies, we thawed hES cells into mTeSR1 medium
at several densities. At the lowest density where individual colonies could form
(approximately 500,000 cells in a T25 flask) (Figure 6), there was a greater than 2-fold
increase in colony formation, but an even larger increase (>7-fold) in cell number. Even
when 5 times as many cells were thawed on a plate, the addition of Y-27632 increased cell
number over a 3 day period more than 5-fold (data not shown) suggesting that ROCK
inhibition is beneficial at a variety of cell densities. Thus, our results argue that the use of
Y-27632 offers significant advantages for the recovery and growth of hES cells under higher
density, lower density, feeder-aided, or feeder-free culture conditions. It remains to be tested
whether ROCK inhibition will similarly improve the growth and survival of hES cells
passaged and frozen in clusters.

Our work with Y-27632 provides several important insights into its mode of action. The first
report where Y-27632 was used to improve the cloning efficiency of hES cells suggested
that it may act by preventing apoptosis of detached cells as in a previous study (Watanabe et
al., 2007). However, our finding that the addition of Y-27632 enhances colony formation,
even five days after cryopreserved hES cells were thawed, argues that ROCK inhibition is
likely to act by an additional mechanism(s) to enhance hES cell colony growth upon
recovery from frozen stocks. In this connection, our findings argue that the major impact of
Y-27632 on the growth of hES cells occurs when the cells are at low density. In contrast to
the findings of Watanabe et al. (2007), we did detect a statistically significant increase in
cell growth with continued ROCK inhibitor treatment. However, this effect was relatively
small (~2-fold) compared to the early effects of Y-27632; hence, we conclude that once a
colony of hES cells reaches a critical size, Y-27632 has only small effects on the growth of
the cells. Our work with Y-27632 makes two other points. First, the effects of Y-27632 on
H9 hES cell growth are reversible when ROCK inhibitor is removed from the culture
environment. This argues that Y-27632 is not simply selecting for a subset of hES cells, and
is not inducing long term changes in the colony-forming capacity of hES cells. Second, cells
treated with prior continuous exposure to Y-27632 do not become desensitized to the colony
forming effects of the drug when subcultured. Given the likely action of Y-27632 on ROCK
kinase, it is probable that the phosphorylation effects of Y-27632 relieve some of the
stresses associated with manipulation of hES cells. Thus, it would be fruitful, in future
studies, to examine the hES cell pathways impacted by ROCK inhibition.

Our studies also indicate that in contrast to hES cells, Y-27632 has only a modest positive
effect on the recovery of cryopreserved NT2/D1 human EC cells. Currently, it is unclear
why Y-27632 has such a limited effect on NT2/D1 cells. Several factors may be responsible.
NT2/D1 cells are the most commonly studied human EC cell line and, as such, they are well
adapted to growth in tissue culture. Moreover, the growth requirements for hES cells and
human EC cells are clearly different. Human EC cells can be cultured in standard cell
culture medium supplemented with fetal bovine serum, which will not sustain the self-
renewal of human ES cells.

In conclusion, it is evident that the use of Y-27632 can significantly improve the recovery of
hES cells from cryopreserved stocks when widely different culture conditions are employed.
Moreover, although the studies described in this study focused on hES cells, ROCK
inhibitors are likely to be useful when working with other human pluripotent stem cells. In
the past few years, several groups have reported the creation of iPS cells from human
fibroblasts, which appear by many criteria to be remarkably similar to hES cells (Takahashi
et al., 2007; Yu et al., 2007; Park et al., 2008; Lowry et al., 2008; Liao et al., 2008;
Nakagawa et al., 2008). Thus, it is not surprising that ROCK inhibitors also improve the
recovery of cryopreserved human iPS cells (Figure 8). Thus, as efforts are made to
reprogram human somatic cells without viral vectors, the addition of ROCK inhibitors, at
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the right time and at the correct level, during reprogramming and subsequent culture and
cryopreservation may prove to be very beneficial.

MATERIALS AND METHODS
Cell Culture conditions

MEFs were maintained in Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% fetal bovine serum (FBS, HyClone, Logan, UT). When used as a feeder layer,
MEFs were plated on growth factor reduced Matrigel-coated (BD Biosciences, San Diego,
CA) plates in DMEM supplemented with 10% FBS and 0.1 mM β-mercaptoethanol. Prior to
use as a feeder layer, they were growth inactivated by exposure to a total of 3000 rads.
Where indicated, H9 hES cells (WiCell Research Institute, Madison, WI), and BG01V/hOG
hES cells (Invitrogen, Carlsbad, CA #R7799-105) were cultured on growth arrested MEFs at
a density of approximately 500,000 hES cells per well in six-well plates, or 1.2 × 106 hES
cells per 25 cm2 culture flask. hES and human iPS cells on feeder layers were cultured in
complete Knockout (KO) medium. KO medium consisted of KO DMEM (Invitrogen), 20%
Knockout serum replacement (Invitrogen), 1% non-essential amino acids (100X,
Invitrogen), 1% 200 mM L-glutamine (200mM, Invitrogen), 0.2% β-mercaptoethanol
(55mM, Invitrogen), 1% antibiotic/antimycotic (100X, final working concentration of 8 ng/
mL), and 8 ng/mL basic FGF (Sigma-Aldrich, St. Louis, MO). To test the effect of ROCK
inhibition when hES cells are grown without a feeder layer, the cells were thawed directly
into mTeSR1 medium obtained from StemCell Technologies (Vancouver, BC, Canada).
Unless indicated otherwise, Y-27632 (Calbiochem, San Diego, CA, #688000) or Fasudil
(Calbiochem, # HA1077) was added at a final concentration of 10 μM. Fresh ROCK
inhibitor (Y-27632 or Fasudil) was reapplied to the media every day when the media were
changed. Y-27632 is light sensitive; hence it was handled in subdued “yellow” lighting.
Human iPS cells, which were obtained from Stephen Duncan (Medical College of
Wisconsin, Milwaukee, WI) were derived from human foreskin fibroblasts using the
Thomson protocol (Yu et al., 2007). Human iPS cells were cultured on tissue culture plastic
coated with Matrigel and a growth inactivated feeder layer in complete KO medium. NT2/
D1 human EC cells (Andrews, 1984) were cultured in DMEM plus 10% FBS and passaged
with 0.1% trypsin (Sigma-Aldrich). All cells were incubated in a moist atmosphere of 95%
air and 5% CO2.

Single cell passaging of hES cells and iPS cells with Accutase
Human ES cells were washed twice with PBS and treated with Accutase™ (Chemicon,
Temecula, CA) as previously described (Bajpai et al., 2008) for 10–15 minutes in a 37°C
incubator. Detached MEFs were removed by rinsing with PBS. Accutase/PBS was aspirated
and 2 mL complete KO media was added to the hES cell colonies while still loosely
attached. The cells were pipetted 5–8 times, dissociating them into single cells.

Cryopreservation of hES and human iPS cells by slow-cooling
Human iPS and hES cells were detached using Accutase as described above. 500 μL of
detached cells and medium were mixed with 500 μL of freezing medium (growth medium
with 20% DMSO added) in cryogenic vials. This mixture was then slow-cooled in a Taylor-
Wharton 35HC liquid nitrogen tank using a TW-51F Handi-Freeze freezing tray. The cells
in the freezing tray were placed in the neck of the liquid nitrogen tank (position six) for 30
minutes cooling to approximately −18°C; next they were placed at a lower position in the
liquid nitrogen tank (position three) for 30 minutes cooling to approximately −46°C; finally,
the vials were lowered to position one for 60 minutes cooling to approximately −129°C
before placing the tubes in the cryogenic liquid for storage.
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Recovery of cryopreserved hES and human iPS cells
Cryopreserved stocks of hES cells were recovered by partially submerging the vial of frozen
cells in water at 40°C. The vial of cells was gently swirled until fully melted. Next, the
contents of the vial were transferred to a 15 ml conical tube with 10 ml complete KO media
and the colonies were allowed to settle by gravity to the bottom. As much as possible of this
wash media was removed, and the cells were transferred onto MEFs and cultured. Human
EC cells were thawed as described above and plated in DMEM plus 10% FBS.

Colony counting and photomicroscopy
Ten random fields per flask were placed on the microscope platform by one person for
counting by the microscopist who could not change the selected field. Similarly, ten random
fields were placed on the platform for photography, and once placed, the random field could
not be changed except to focus the camera.

Colony size measurement
Photomicrographs of 40x microscope fields were printed in 10.2 by 12.7 cm format and the
surface area of each colony was measured by mass.

Counting individual cells
Where individual cell numbers were counted, a Z2 Coulter Counter and Size Analyzer was
used to count and calculate the number of cells per mL with size range between 8 and 24
microns.

Statistical analysis
Statistical comparisons between sets to calculate p-values were performed using the
Student’s T-test function in Microsoft Excel.
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Figure 1. ROCK Inhibitor increases H9 hES cell growth upon thawing
H9 hES cells were thawed onto a MEF feeder layer and grown 4 days in the presence or
absence of Y-27632. A) Photomicrographs of H9 hES colonies on a background of MEFs.
Left: Untreated. Right: Treated with 4 days of Y-27632. B) The number of H9 colonies per
40x microscope field was counted in 10 random fields and compared. C) The size of each
colony in 10 random 40x fields was measured and the mean size calculated. D) H9 cells
were grown with or without Fasudil for 4 days and colony numbers were determined. Error
bars: ± Standard Deviation.
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Figure 2. Effects of ROCK inhibitor on H9 hES cells upon subculture
H9 hES cells with prior exposure to Y-27632 were subcultured and grown for 4 days with or
without ROCK inhibitor. A) Subcultured H9 hES cells. Left: Untreated. Right: Treated with
Y-27632. B) The number of H9 colonies per 40x microscope field was counted in 10
random fields. C) The surface area of each colony in 10 random 40x fields was measured
and the mean size calculated. Error bars: ± Standard Deviation.
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Figure 3. Dose response curve of the ROCK inhibitor Y-27632
Cells were grown for 4 days in complete knockout media, with or without ROCK inhibitor,
and subcultured into 6-well dishes for a dose curve of 0, 0.5, 2.0, 10.0, or 20 μM ROCK
inhibitor for four days. 10 random 40x microscope fields were photographed. A)
Comparisons of the mean number of colonies per field. B) Comparisons of the mean colony
size. Error bars: ± Standard Deviation.
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Figure 4. Effects of adding Y-27632 after hES colonies are established
A) H9 hES cells were thawed onto MEFs in medium lacking ROCK inhibitor and allowed to
grow for 5 days before adding 10 μM Y-27632 to half the flasks. The number of hES
colonies in 10 random 40X microscope fields was counted and compared. B) H9 hES cells
were subcultured into T25 flasks and allowed to grow for 5 days before adding 10 μM
Y-27632 for an additional 3 days. Photomicrographs were taken of 10 random fields from
each flask. Error bars: ± Standard Deviation.
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Figure 5. Duration of exposure to Y-27632 impacts hES cell colony formation and growth
H9 hES cells were subcultured and treated with Y-27632 for varying lengths of time. 10
random 40x microscope fields for each treatment were photographed at different time
points. A) The number of colonies per microscope field was counted at 48, 96, and 120 hrs
and compared to the number of untreated colonies, which was set to 1 at the 48 hr time
point. B) The mean size of colonies was measured at 48 and 96 hrs and compared to the size
of untreated cells at the 48 hr time point, which was set to 1. Error bars: ± Standard
Deviation. * = no significant difference. ** = p < 0.05. *** = p < 0.001.
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Figure 6. Effect of Y-27632 on the recovery of hES cells in medium lacking a feeder layer
Cryopreserved BG01V/hOG hES cells were thawed into mTeSR1 medium with and without
10 μM Y-27632. A) The cells with (right panel) and without (left panel) Y-27632 were
photographed 72 hrs after being thawed. B) The number of colonies per microscopic field
was determined at 72 hrs. Error bars: ± Standard Deviation. C) The number of cells was
counted at 72 hrs and the control was set to 1.
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Figure 7. Response of human EC cells to Y-27632
Representative colonies from Y-27632 treated (top) and untreated NT2/D1 EC cells were
followed for 4 days after subculture.
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Figure 8. Effects of Y-27632 on iPS cell thawing and passaging
Human iPS cells were thawed onto a MEF feeder layer and grown for 48 hours in the
presence or absence of Y-27632. A) Photomicrographs of human iPS cells on a background
of MEFs. Left: Untreated. Right: Treated with Y-27632 for 48 hours. Black arrows mark iPS
cell colonies. B) The number of human iPS cell colonies in ten random 100X microscope
fields was counted and compared. C) Human iPS cells were subcultured onto MEFs and
grown for 48 hours with or without Y-27632. The number of human iPS cell colonies in ten
random 40X microscope fields was counted and compared. Error bars: ± Standard
Deviation.
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