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A temperature-responsive hydrogel composed of aqueous methylcellulose (MC) blended with distinct concentrations
of PBS was prepared and characterized. The developed MC hydrogel underwengel selersible transition

upon heating or cooling at32 °C. This temperature-responsive hydrogel was employed to coat the surface of

a polystyrene dish and used to cultivate human embryonic stem (hES) cell clumps for the formation of embryoid
bodies (EBs) in liquid suspension culture (LSC-MC/PS). The conventional hanging drop culture (HDC) and LSC

in the uncoated polystyrene dish (LSC-PS) or in the Corning Ultralow-Attachment plate (LSC-ULAP) were used
as controls. The results indicated that LSC-PS failed to generate EBs in an efficient manner, whereas the efficiencies
of EB formation observed in LSC-ULAP and LSC-MC/PS were significantly greater than in HDC. The hES cells
within the EBs were shown to express molecular markers specific for representative cells from the three embryonic
germ layers. These results indicated that the MC-coated dish can be used to produce a large scale of hES cell
derivatives through the formation of EBs.

1. Introduction viscosity-enhancing polymer, it thickens solutions without
precipitation over a wide pH randé.Owing to this feature,
Human embryonic stem (hES) cells are of significant interest MC has been added in media (i.e., the conventional semisolid
as a renewable source of therapeutically useful cells. ES cellMC culture medium) for the culture of mouse ES cells. With
aggregation is important for the formation of embryoid bodies MC in media, the viscous liquid reduced ES cell movement
(EBs) and the subsequent generation of ES cell derivati¥es. and aggregation and resulted in a higher efficiency of EB
Several culture methods such as forced aggregation, spinneformation® Nevertheless, the replacement of semisolid MC
flask, and reactor-based cultutés® have been developed to  media during cell culture is rather difficult due to their high
produce a large scale of ES cell derivatives through the viscosity.

formation of EBs for further applications. These methods,  Recently, investigations of hydrogels have been focused on
however, may have the disadvantage of generating shear forcesgnctional hydrogels. These functional hydrogels may change
and although manageable, these forces still damage thécells. their structures as per the environments they are exposed to such
Other methods including the conventional hanging drop as temperature or pH. Aqueous MC undergoes agel
culture (HDC) and the liquid suspension culture (LSC) in reversible transition upon heating or cooli#g’ This unique
bacterial-grade polystyrene dishes have been reported in thetemperature-responsive behavior of MC has made it a promising
literature®° To reduce the adhesion of cells onto substrate during functional hydrogel for various biomedical applicatidf4?
LSC, a Corning Ultralow-Attachment plate (ULAP) was recently |, the study, a temperature-responsive hydrogel composed
used to form aggregates in the ES cell differentiation culte. ¢ 4 ,60us MC blended with phosphate buffered saline (PBS)
It has been shown to successfully inhibit the attachment of |, - ¢ prepared and characterized and subsequently was used to

anch_oragg dept)]eréde_nt cf?l?sl—éot\;vevelr, each Off tt?e dabO\t/)e- (s ooat the surface of a polystyrene dish. The coated dish was
mentioned methods Is suftered by at least one of the drawbac S’prepared by pouring an aqueous MC blended with PBS in the

such as time-consuming, labor intensive, complicated productionOlish at room temperature~@0 °C). After being gelled at
process, unable to scale up, low efficiency of EB formation, or 37°C (i.e., in an incubator), a thin layer of MC hydrogel was

i i i 1,2,8,9,13,14
economical |mpract|cal|t§/.. ) evenly coated on the surface of the dish. The MC-coated dish
Methylcellulose (MC) is a water-soluble polymer derived \yas then used to cultivate hES cell clumps for the formation of
from cellulose, the most abundant polymer in nature. As & ggs jn LSC (LSC-MC/PS, Figure 1a). Differentiation of hES
cells into EBs comprising the three embryonic germ layers was
* Authors to whom correspondence should be addressed. F&86- investigated. The conventional HDC and LSC in the bacterial-
3}-1572{;383%| (t\l-,:I.-W. S.). E-mail: WhsinChen@itri.org.tw; hwsung@ grade polystyrene dish (LSC-PS) or in the ULAP (LSC-ULAP)
che.nthu.edu.tw. .. . .
T Industrial Technology Research Institute. were used as contr_ols_. Addltlonall_y, using this novel LSC
# National Tsing Hua University. method, the differentiation of cells with features of hepatocytes

8 Contributed equally to this work. from hES cells was reported.
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Figure 1. Schematic illustrations of (a) the procedure used to prepare for the MC-coated polystyrene dish for the hES cell differentiation culture
and (b) the physical structures of the MC hydrogel coated in the polystyrene dish in the dried or hydrated state. MC: methylcellulose; hES cell:
human embryonic stem cell; EBs: embryoid bodies; PBS: phosphate buffered saline.

2. Materials and Methods

2.1. Preparation of Aqueous MC.MC (cell culture grade, viscosity
15 cP for a 2% aqueous solution at 2G, Mn 14 000, methoxy
substitution 27.531.5%, degree of substitution +5.9) was purchased
from Sigma-Aldrich (St. Louis, MO). Aqueous MC solutions in different

surface of the dish. Subsequently, the dish was preincubated°& 37
for 1 h and a gelled opaque layer (the MC hydrogel, with a thickness
of 1.5-2.0 mm) was formed on the dish. To evaluate whether the salts
blended in the MC hydrogel would leach out with time, the coated
dish was loaded with a pre-warmed PBS at &7 (2 mL, with an
osmolality of 280+ 5 mOsm/kg). The osmolality of the loaded PBS

concentrations (6%, 9%, 12%, and 15% by w/v) were prepared by solution was monitored with time. An uncoated polystyrene dish loaded
dispensing the weighed MC powders in heated water with the addition yith the same PBS was used as a control. Additionally, the surface

of PBS (cell culture grade) at varying known concentrations (2.5, 5.0, hydrophilicity of the MC-coated dish in the dried or hydrated state (at

and 10.0 g/L) at 50C. After being thoroughly shaken, they were kept
in a refrigerator at £C for 24 h until homogeneous MC solutions
were obtained. The osmolality of the prepared MC solutions was

measured using an osmometer (model 3300, Advanced Instruments,

Inc., Norwood, MA). For the cell-culture experiments, the prepared
MC solutions were autoclaved for 30 min at 122, 100 kPa.
2.2. Gelation Temperatures of Aqueous MCThe physical gelation

phenomena of aqueous MC with temperature were visually observed

as per an inversion method described in the literdftBgiefly, aqueous
MC solutions blended with distinct concentrations of PBS (2 mL

37 °C) was examined by measuring its water contact angle using
deionized water. The measurements were performed on five different
spots on test samples.

2.4. Culture of hES Cells. The derivation, routine culture, and
characterization of the hES cell line H9 were previously desctfizéd
and approved by the institutional review board (IRB). hES cells were
maintained on feeders (mitomycin-C inactivated mouse embryonic
fibroblasts, MEF) in ES media, which contained 85% DMEM/Ham'’s
F12 medium supplemented with 15% knockout serum replacement, 1

samples) were exposed to elevating temperatures via a standard hotMM L glutamine, 0.1 mMS-mercaptoethanol, 1% nonessential amino

water bath. Behavior was recorded at intervals of approximately
0.5 °C over the range of 2070 °C. The heating rate between
measurements was approximately 0G/min. At each temperature
interval, the solutions/gels were allowed to equilibrate for 30 min. A
“gel” criterion was defined as the temperature at which the solution
did not flow upon inversion of the contain&r.

2.3. Preparation of the MC-coated Polystyrene DishA total of
1 mL of test MC solutions was poured into a commercially available
polystyrene dish (Falcon 351008, diameter 35 mm, Becton Dickinson
Labware, Franklin Lakes, NJ) at room temperatur@@ °C). A thin

transparent layer of the poured solution was evenly distributed on the corresponding to a total cell concentration of-250 x 10° cells per

acids, and 4 ng/mL human basic fibroblast growth factor (Gibco
Invitrogen Corporation, Grand Island, NY). Cultures were passaged
as cells became subconfluent (i.e., about once a week) by incubation
in 200 units/mL collagenase IV (Gibco) for-80 min at 37°C,
dissociated, and then seeded on a fresh MEF feeder layer.

2.5. EB Formation. To induce EB formation, undifferentiated hES
cell colonies were split into small clumps using Dispase and mechanical
dissecting. The obtained hES cell clumps were grown in HDC or LSC.
For HDC, cell clumps were plated as hanging drops as described
previously® For LSC, cell clumps (approximately 50 pieces per dish,
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Table 1
product annealing cycle
gene primer-probe sequence 5'-3' size temp (°C) no.

p-actin F: TGGCACCACACCTTCTACAATGAGC 387 bp 60 25
R: GCACAGCTTCTCCTTAATGTCACGC

Oct-4 F: AAGAACATGTGTAAGCTGCGGCCC 454 bp 60 25
R: GGAAAGGCTTCCCCCTCAGGGAAAGG

nanog F: ATGAGTGTGGATCCAGCTTGTCC 918 bp 60 25
R: TCACACGTCTTCAGGTTGCATGTT

o-fetoprotein (a-FP) F: AGAACCTGTCACAAGCTGTG 675 bp 56 25
R: GACAGCAAGCTGAGGATGTC

cardiac actin F: TCTATGAGGGCTACGCTTTG 668 bp 60 25
R: CCTGACTGGAAGGTAGATGG

keratin F: AGGAAATCATCTCAGGAGGAAGGGC 782 bp 68 25
R: AAAGCACAGATCTTCGGGAGCTACC

albumin F: CCTTTGGCACAATGAAGTGGGTAACC 350 bp 68 25
R: CAGCAGTCAGCCATTTCACCATAGG

tyrosine aminotransferase (TAT) F: CTAGAAGCTAAGGACGTCAT 642 bp 60 30
R: GAGGAAGCTCAGAGTGTTGT

dish) were cultivated in suspension in the Falcon 35-mm polystyrene a negative control. Immunostained cells were observed under an

dish (LSC-PS), the Corning ULAP (LSC-ULAP, 6 well plate, Acton,
MA),?2 or the above-mentioned MC-coated polystyrene dish (LSC-
MC/PS). EBs were grown in media consisting of 80% DMEM,
supplemented with 20% fetal bovine serum (HyClone, Utah), 0.1 mM
p-mercaptoethanol, 1% nonessential amino acids, 1u¥dVutamine,

inverted microscope (ECLIPSE-TE2000-U, Nikon, Tokyo, Japan).
2.9. Statistical Analysis.Statistical analysis for the determination

of differences in the measured properties between groups was ac-

complished using one-way analysis of variance and determination of

confidence intervals, performed with a computer statistical program

and 1% insulin-transferrin-selenium-G supplement (Gibco). The number (Statistical Analysis System, Version 6.08, SAS Institute Inc., Cary,
of EBs formed per dish, cultivated by different methods, was counted NC). All data are presented as a mean value with its standard deviation
using a light microscope. indicated (mean- SD). Differences were considered to be statistically

Photomicrographs of representative EBs were taken for diameter significant when the p values were less than 0.05.
measurements, using the Image-Pro Plus software (Media Cybernetics,
Silver Spring, MD) at ax40 magnification and converted to mm. To
dissociate EBs for single cell analysis, EBs were subjected to 0.125%
trypsin/0.5 mM EDTA digestion for 1620 min. The resulting single
cell suspension was subjected to trypan blue dye exclusion to determine  Commercial MC is a heterogeneous polymer consisting of
total viable cell concentrations of each culture at a given time point 10 highly methoxy-substituted zones (hydrophobic zones) and less
days after differentiation. substituted ones (hydrophilic zones, Figure 2queous MC

2.6. Reverse Transcription-Polymerase Chain Reaction (RT-  gels upon heating, due to hydrophobic interacti&¥.1t was
PCR). Total RNA was isolated from undifferentiated hES cells and found that the gelation temperature of a 12% (by w/v) aqueous
the EBs after distinct culture periods in HDC, LSC-PS, LSC-ULAP, MC was approximately 4% 1.5°C (h = 5). This temperature
and LSC-MC/PS using RNeasy Mini Kit (Qiagen, Valencia, CA). is apparently too high for the specific application proposed in
Complementary DNA was synthesized from 50 ng of total RNA using the study. It is known that blending of salts in an aqueous
One-Step RT-PCR Kit (Qiagen). PCR conditions included an initial MC lowers its gelation temperatute!81°The salts blended
denaturation step at 9% for 15 min, followed by repeated cycles at  usually have a greater affinity for water molecules than
95°C for 30 s, a 30 s annealing step, and a final step of 1 min extension p0|ymersl resumng in the removal of water of hydra’[ion from
at 72°C. Details of PCR primer sequences, sizes of final products, polymers and thus dehydrating or “salting out” the polymeric
annealing temperatures and cycle numbers are described belowmolecules. This can further increase the hydrophobic interaction
Products were analyzed on 1.5% agarose gel and visualized with among MC molecules and lead to a decrease in their gelation
ethidium bromide staining (see Table'%). temperaturd9.26

2.7. Hepatocyte Differentiation. Day-7 EBs maintaine_zd in LSC- 3.1. Gelation Temperatures of Aqueous MCIn the study,
MC/PS were ?IIOWEd o attach to a collagen I-coated dishg/Srre) PBS was blended in aqueous MC to further reduce its gelation
in an SF medium SUpplemen.tEd with .hepatocyte gr.OWth factor (HGF, temperature. PBS is a salty solution containing sodium chloride,
50 ng/mL, R&D systems, Minneapolis, MN) and fibroblast growth . . .
factor (FGF4, 10 ng/mL, R&D systems) as previously describddhe sodlgm phosphate, and _potgssmm_phosphate. It is a buffer

solution commonly used in biochemistry. PBS has many uses

medium was changed every 2 days. Total RNA extracted from b . . d - s | b d
undifferentiated and differentiated hES cells were analyzed by RT- ecause It Is isotonic and nontoxic to cells. It can be used to

PCR. The mRNA from the C3A hepatoma cells (Cat. #CRL-10741, dilute substances and to disengage the attached and clumped
ATCC, Manassas, VA) was used as a control. cells?’ o _

2.8. Immunostaining. The differentiated hES cells were fixed in As shown in Figure 2a, the gelation temperature of aqueous
4% paraformaldehyde f@ h and then permeabilized with 0.1% Triton ~ MC blended with PBS decreased significantly the MC concen-
X-100 in PBS for 5 min at room temperature. Either goat anti-human tration was increased. At the same MC concentration, the
o-FP (Santa Cruz Biotechnology, Santa Cruz, CA) or rabbit anti-human gelation temperature of aqueous MC decreased when the
albumin (Biogenesis, NH) was used as a primary antibody and revealedconcentration of PBS used was increased. As described before,
by a peroxidase-antiperoxidase technigliésotype matched 1gG for the specific application proposed in the study, the prepared
(Jackson Immunoresearch Laboratories, West Grove, PA) was used a@queous MC must have a gelation temperature SignificacEIB)(/

3. Results and Discussion
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Figure 2. (a) Gelation temperatures and (b) osmolality values of
aqueous MC blended with distinct concentrations of PBS; (c) Changes
in osmolality of the PBS loaded in the MC-coated polystyrene dish
with time. An uncoated polystyrene dish was used as a control. MC:
methylcellulose; PBS: phosphate buffered saline.

below 37°C. It was found that aqgueous MC was too viscous to
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Figure 3. (a) Photographs of the MC hydrogel coated in a polystyrene
dish at distinct temperatures; (b) Photographs of a water drop on the
surface of the MC hydrogel coated in a polystyrene dish in the dried
or hydrated state. MC: methylcellulose.

5 g/L PBS. We found that this specific aqueous MC underwent
a sol-gel reversible transition upon heating or cooling at
approximately 32t 1 °C (n = 5, Figure 2a). It was reported
that a large hysteresis loop was observed in the heating/cooling
circle of agueous MC due to different kinetics of association
and dissociation of MC in waté®f.

To evaluate the stability of the MC hydrogel coated on
polystyrene dishes, a PBS solution (10 g/L) with an osmolality
of 280+ 5 mOsm/kg at 37C, simulating that of a cell culture

be manipulated when its concentration was close to 15% (by medium, was loaded in the coated dish. An uncoated dish loaded

w/v). Therefore, the MC concentration used in the study for
coating polystyrene dishes was 12%.

The osmolality values of aqueous MC solutions blended with
distinct concentrations of PBS are shown in Figure 2b. As
shown, the aqueous MC (12% by w/v) blended with 5 g/L PBS
had an osmolality value of 28% 2 mOsm/kg, which is
comparable to that of a culture medium (22030 mOsm/kg)
normally maintained for cultivating celfS. Therefore, the

with the same PBS solution was used as a control. Changes in
osmolality of the loaded PBS solution with time were monitored
by an osmometer. As shown in Figure 2c, the osmolality of the
PBS loaded in the MC-coated dish was comparable to that of
the control one. Additionally, the MC hydrogel coated on the
polystyrene dish stayed intact throughout the entire course of
the study.
3.2 Characterization of the MC-coated Polystyrene Dish.

composition of aqueous MC chosen in the study to coat As shown in Figure 3a, the MC hydrogel in a polystyrene dish
polystyrene dishes was 12% aqueous MC (by w/v) blended with at room temperature~20 °C) was a clear viscous solution. '%ItDV
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HDC LSC-PS LSC-ULAP LSC-MC/PS

Day 1

Figure 4. Photomicrographs of the hES cell clumps cultivated by different methods for distinct periods (original magnification 40x). HDC: hanging
drop culture; LSC-PS: liquid suspension culture in the polystyrene dish; LSC-ULAP: liquid suspension culture in the Corning Ultralow Attachment
plate; LSC-MC/PS: liquid suspension culture in the MC-coated polystyrene dish. hES cell: human embryonic stem cell; MC: methylcellulose.
Scale bars, 1.0 mm.

Table 2. Numbers of Total and Cystic EB and Their Formation Efficiencies (Relative to the Original hES Cell Clumps) Cultivated by
Different Methods for Distinct Periods?

total EB number and cystic EB number and
their formation efficiency their formation efficiency
HDC LSC-PS LSC-ULAP LSC-MC/PS HDC LSC-PS LSC-ULAP LSC-MC/PS
day 5
total number 125 15 142 141 27 0 26 36
efficiency (%) 86.2 10.3 97.9 97.2 18.6 0 17.9 24.8
day 10
total number 108 7 133 132 64 1 83 98
efficiency (%) 74.4 4.8 91.7 91.0 44.1 0.7 57.2 67.5

2HDC: hanging drop culture; LSC-PS: liquid suspension culture in the polystyrene dish; LSC-ULAP: liquid suspension culture in the Corning Ultralow
Attachment plate; LSC-MC/PS: liquid suspension culture in the MC-coated polystyrene dish. There were 145 hES cell clumps in each studied group in
the beginning. MC: methylcellulose; EB: embryoid body.

37 °C, the clear solution started to become opaque. The method was developed to reduce cell adhesidowever, this
transition of sot-gel was continuous with time. At about 30 method consists of some troublesome processes and the ef-
min later, a gel-network structure began to form. It was found ficiency of EB formation significantly depends on the skill of
that this hydrogel was thermoreversible. Back at room temper- technicians? Of note is that clumps of hES cells did not adhere
ature, the opaque gel gradually became a clear viscous solutioronto the substrate in LSC-ULAP and LSC-MC/PS and generated
again. EBs with time. As shown in Figure 4, dissected hES cell
The surface hydrophilicity of the MC hydrogel coated on clumps formed rounded discrete structures and acquired an EB
polystyrene dishes in the dried or hydrated state was examinedappearance within 24 h. The external morphology of EBs was
by measuring its water contact angle. As shown in Figure 3b, highly variable, even between EBs growing under the same
the water contact angle of the MC hydrogel in the hydrated conditions.
state (42.4+ 2.2°, n = 5) was significantly lower than that in To reduce the adhesion of cells onto the substrate during LSC,
the dried state (75.2 3.5°, n = 5), indicating that the surface a Corning ULAP was recently used to inhibit the attachment
of the MC hydrogel in the hydrated state is considerably of anchorage dependent cefsThe surface of the ULAP is a
hydrophilic than in the dried state. This is because the covalently bound hydrogel layer that is hydrophilic and neutrally
hydrophilic segments of MC molecules are inclined to be charged. It was reported that it can effectively inhibit the protein
exposed to an aqueous environment (i.e., in the hydrated layer,adsorption and cell adhesidfAlthough the ULAP is already
Figure 1b). commercially available, it is rather expensive for routine hES
3.3. EB Formation. To evaluate the potential application of  cell differentiation cultures. Similar to the ULAP, the hydrated
the MC-coated polystyrene dish to the liquid suspension culture surface of our MC-coated dish is hydrophilic as discussed above
(LSC-MC/PS) of hES cell-derived EBs, we compared the and MC molecules are neutrally charged. As illustrated in Figure
formation of EBs in LSC-MC/PS to those maintained in HDC, 1a, the procedure used to prepare the MC-coated dish is simple
LSC-PS, and LSC-ULAP. Figure 4 shows photomicrographs and can be readily done in the lab.
of the hES cell clumps cultivated by different methods for  The efficiency of total EB formation was significantly affected
distinct periods. As shown, cultivation of clumps of hES cells by the culture method used. As shown in Table 2, the
in LSC-PS resulted in clump dissociation and cell adhesion onto efficiencies of total EB formation observed in LSC-ULAP and
the substrate over the course of the culture period. The HDC LSC-MC/PS were significantly greater than that seen in HBBV
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Table 3. Average Diameter of EB, Average Cell Number in Each EB, and Cell Number in Total EB Formed by Different Culture Methods
for 10 Days?

HDC LSC-PS LSC-ULAP LSC-MC/PS
EB diameter (mm) 1.23+0.29 N/AP 1.22 +0.37 1.23+0.10
cell number in each EB (x10%) 6.81 + 2.79 N/APL 5.54 +£2.13 5.72 £ 1.43
cell number in total EB (x 106) 1.53 N/APL 151 1.64

2HDC: hanging drop culture; LSC-PS: liquid suspension culture in the polystyrene dish; LSC-ULAP: liquid suspension culture in the Corning Ultralow
Attachment plate; LSC-MC/PS: liquid suspension culture in the MC-coated polystyrene dish. MC: methylcellulose; EB: embryoid body. ? N/A: data are
not available because cultivation of clumps of hES cells in LSC-PS resulted in clump dissociation and cell adhesion onto substrate over the course of the
culture period.

Oct-4

Nanog

a-FP
Cardiac actin

Keratin

B -Actin

Figure 5. RT-PCR analysis for the expression of Oct-4, nanog, and (b)

representative genes of the three embryonic germ layers of hES cells g
cultivated by different culture methods for 10 days. HDC: hanging
drop culture; LSC-PS: liquid suspension culture in the polystyrene
dish; LSC-ULAP: liquid suspension culture in the Corning Ultralow
Attachment plate; LSC-MC/PS: liquid suspension culture in the MC-
coated polystyrene dish. hES cell: human embryonic stem cell; MC:
methylcellulose.

over the course of the culture periods. This result clearly
demonstrated that the majority of hES cell clumps had the
capacity to form EBs in LSC-ULAP and LSC-MC/PS. Also, it
was found that the efficiency of total EB formation observed
in HDC decreased significantly with time, whereas the efficien-
cies of total EB formation cultivated in LSC-ULAP and LSC-
MC/PS remained relatively stable.
The average diameters of EBs formed by different culture
methods were determined by analyzing their photomicrographs. - ' :
As shown in Table 3, the average diameters of the EBs formed Fi%urﬁaetéd(airiz'lngf n?:qi'zzzgﬁéhew‘?f;izzmg Zegi":gﬂlgiﬁﬁ
: cell- .
n ITSC-UITAP and_LSC-MC/PS were comparable to th".ﬂ and o-FP f(?r the differentiated hES %ells (21 days afte?’initiating the
cultivated "? HPC' The number of cells per EE’. observed in differentiation culture, original magnification 200x). Scale bars, 70 um.
HDC was significantly greater than those seen in LSC-ULAP Negative: negative control.
and LSC-MC/PS. However, the total cell number in LSC-MC/
PS was greater than in HDC. expressions of Oct-4 and nanog were observed for the EBs
Continuous growth of EBs in HDC, LSC-ULAP, and LSC- formed by different culture methods. In contrast, expression of
MC/PS resulted in the acquisition of a cystic appearance andcardiac actin and, in particulag-FP increased. Keratin was
increased diameter. The center of the bodies became cavitatedbserved in undifferentiated hES cells and the formed EBs.
and began to accumulate fluid and turned into cystic EBs. Ten Generally, the expressions of lineage markers for the EBs
days after the initiation of cellular aggregation, the efficiencies formed in LSC-ULAP and LSC-MC/PS were similar. The LSC-
of cystic EB formation observed in HDC, LSC-ULAP, and LSC- ULAP has recently been used to form EB aggregates in the
MC/PS were 44.1%, 57.2%, and 67.5%, respectively (Table 2). hES cell differentiation cultur&:13These results suggested that
The EBs matured by the process of spontaneous differentia-LSC-MC/PS did not affect the gene expression of the formed
tion and cavitations. The hES cells within the EBs were shown EBs.
to express molecular markers specific for representative cells 3.4. Differentiation of hES Cells into Hepatocyte-Lineage
from the three embryonic germ layers. The pluripotency and Cells. The significant increase in the expressiorefP (a clue
germ-lineage marker expression in developing EBs were of endodermal differentiation) prompted us to analyze the
analyzed by RT-PCR. Markers of embryonic transcription potential of hES cells to differentiate into hepatic lineage cells.
factors (Oct-4 and nanog) and the germ lineages, endodermTo determine if the EBs formed in LSC-MC/PS could dif-
(a-FP), mesoderm (cardiac actin), and ectoderm (keratin), wereferentiate into hepatic lineage cells, they were subsequently
included in the analysis. The housekeepjigctin was used cultured under conditions known to support the development
as an internal contréf 32 As shown in Figure 5, low level  of this lineage’* 36 cDV

i" Albumin — : 3 Negative

o = -
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