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Embryonic stem cells (ESC) aggregates in suspension (named embryoid bodies, EB) can 

further attached to tissue culture plates to allow the emergence of differentiated specific cells. 

During the differentiation process, Oct 4 and Nanog gene expression decreases along with 

increase of developmental gene markers. Toxicans to embryo development are usually 

screened in vitro by comparing their effects on expression levels of developmental gene 

markers during EB differentiation. We test the effect of the attachment of EB to microplates on 

gene expression differentiation markers to analyze embriotoxicants. Embryoid bodies were 

formed by the conic method and further transferred to 24 -well tissue culture microplates and 

incubated with 5-fluorouracil (5-FU). The expression profile of early differentiation gene 

markers along with gene markers of ESC undifferentiation were analyzed by RT-PCR. Using 

microscopic evaluation, three distinct morphologies of the attached cells from untreated EBs 

were observed. Each one showed a distinct pattern of differentiation gene markers and distinct 

Oct4/Nanog ratios. On the other hand, morphologies of 5-FU treated EBs were similar and it 

seems to be necrotic. However the profile of the differentiation gene markers from 5-FU 

treated EBs was similar to untreated EBs but Oct4/Nanog ratio was quite different. These 

results suggest that embryoid body differentiation after attachment to tissue culture plates can 

not be easily controlled (even the size before attachment was equal), leading to a wide range of 

variability in differentiation gene markers levels. So, comparisons between control and 

toxicans-treated cultures are not adequate. The gene expression Oct4/Nanog ratio is probably 

an alternative way to detect embryotoxicity.

1. Introduction

One of the most popular ways to initiate the process of 

differentiation of embryonic stem cells (ESC) in the various cell 

types is through the formation of three-dimensional aggregates 

(3D), called embryonic bodies (EBs).These structures are well 

recognized as important in vitro tools to investigate early 

embryonic development. In these aggregates, cells of the three 

germ layers (endoderm, ectoderm and mesoderm) are formed in a 

differentiation program that resembles initial stages of early 

mammalian embryogenesis [1].

Mouse embryonic stem cells (mESC) were the first cells to be 

used in the Embryonic Stem cell Test (EST), a validated in vitro 

assay to assess the embryotoxic potential of drugs [2, 3]. In this 

method, attached mEBs are treated with chemicals / 

embryotoxicants and the process of differentiation to 

cardiomyocyte-like cells is monitored by observing by light 

microscopy the formation of contractile areas in the culture dish.

Different methods for inducing EBs from ES are known, such as 

suspension culture in bacterial dishes, hanging drops, conical 

tubes, low-adherence 96-well dish, spinner flask [4]. One of the 

most traditional methods is hanging drops, and it is even used in the 

EST test [5]. The principle that lies behind the different methods is 

to facilitate the beginning of the aggregation of the cells, keeping 

them in suspension for a maximum of 5 days (they are now named 

developing EBs). They can then be maintained suspended or 

transferred to adherent surface culture plates for about another 5 

or 10 days, where the differentiation process is completed with the 

formation of cells representative of the three germ layers.

Elegant morphological studies carried out in developing EBs that 

remained in suspension (in them the cystic-like cavity is formed) or 

in EBs that were transferred to adherent surfaces, have revealed 

that the cell differentiation process is quite organized and follows 

spatial and temporal patterns similar to in vivo embryogenesis [6].
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Attempts have been made to include molecular techniques to the 

process of in vitro screening of embryotoxic and /or teratogenic 

drugs [7, 8]. Many studies have analyzed DNA by microarray assay 

for a number of genes involved in myocardial and neural 

differentiation of mouse embryonic stem cells [9]. However, the 

major challenge when analyzing gene expression in toxicology is to 

find developmental gene markers for the determination of 

embryotoxicants.

In an attempt to address this issue, we analyzed by RT-PCR, the 

expression profile of five early differentiation gene markers along 

with the gene markers of m ESC undifferentiation: POU domain, class 

5, transcription factor 1 (Pou5f1, Oct 4), nanog homeobox (Nanog ) 

and alkaline phosphatase (Alp). The classical embryotoxicant 5-

fluorouracil (5-FU) was used as a positive control.

Cell culture conditions

The murine embryonic stem cell line (mESC), USP-1, used in this 

work was a generous gift from Dr. Lygia da Veiga Pereira 

(Department of Genetics and Evolutionary Biology, University of São 

Paulo-USP, Brazil) and was cultured according to standard protocols 

[10]. In short, mES cells were routinely maintained on a feeder of 

mytomycin-C inactivated primary mouse embryonic fibroblasts 

(MEF). ES cell complete medium was changed every day and 

consisted of high glucose Dulbecco´s modified Eagle´s medium 

(DMEM, Gibco-Life Technologies, N.Y., USA) cultivated in Dulbecco´s 

modified Eagle´s medium (DMEM, Gibco-Life Technologies, N.Y., 

USA), supplemented with 15% ES-qualified fetal bovine serum 

(Gibco-Invitrogen, Japan), 1000 U/mL of leukemia inhibitory factor 

(LIF, Chemicon International, USA), 2 mmol/L L-glutamine (Gibco-

Invitrogen, Japan), 2 mmol/L sodium pyruvate (Gibco-Invitrogen), 

0.1 mmol/L b-mercaptoethanol (Gibco-Invitrogen), 0.1 mmol/L 

nonessential amino acids (Gibco-Invitrogen), 50 U/mL penicillin/ 

50 ug/mL streptomycin ( Gibco-Invitrogen, USA). Passaging was 

done every 2 days by dissociating the cells using 0.05% 

trypsin/EDTA (Gibco-Life Technologies) and sub-cultured at a ratio 

of 1:10 (doubling time was approximately 14-15 hours). Alkaline 

phosphatase staining was used to monitor the degree of ES cell 

differentiation during routine procedures. Analysis was performed 

on cells fixed with 4% paraformaldehyde and incubated with a 

solution of 5-bromo-4-chloro-3-indol/nitro blue tetrazolium 

(BCIP/NBT), (Roche Diagnostics), in a dark environment.

Embryoid body (EB) formation

Before formation of EBs, mES cells were first passaged as 

routinely, but the cells were cultivated in 0.1% gelatin-coated flasks 

(without feeder) in ES cell complete medium. Cells were grown until 

semi-confluence and a second passage was performed as above. For 

EB generation, the 1.5 mL conical tube method was used [11]. Briefly, 

after dissociating into a single-cell suspension containing 2.0 x 104 

cells/mL, one milliliter was transferred to a conical tube with a screw 

cap loosely tightened. Cells were maintained undisturbed for 5 days 
2 ounder 5% CO  at 37 C in a humidified incubator.

MATERIALS AND METHODS

After the formation of cell aggregates (one aggregate by tube), 

they were harvested and transferred to 24-well tissue culture plates 

previously coated with gelatin (0.1%) to allow adherence and 

further differentiation. At this time, three 24-well culture plates 

were seeded as follows: one plate was used as control, and two 24-

well plates were reserved to further treatment with 5-FU (see 

bellow). Experiments were done in duplicate in three different 

occasions.The scheme of embryoid bodies formation was shown in 

Figure 1I.

Chemical treatment

A 2 mg/mL stock-solution of 5-fluorouracil in DPBS without Ca+2 

was prepared and freeze-stored. Prior the beginning of the 

experiment, wells were first replinished with 500 uL of culture 

medium and one EB were transferred per well. A work-solution of 40 

mg/mL was fresh prepared in culture medium and two 

concentration of 5-FU were made by further dilution in culture 

medium such that after addition of a 500 uL-aliquots into wells, the 

final concentration was 0.048 ug/mL on one 24-well plate and 0.024 

ug/mL on another one. Cultures were monitored daily using phase 

microscopy (NIKON TE 200S) during 7 days after treatment with 5-

FU.

Reverse-transcription-polymerase chain reaction analysis

At the indicated time, cells were detached by trypsin/EDTA 

solution treatment, centrifuged, washed with Dulbecco´s phosphate 

buffer saline (DPBS) and collected for RNA extraction. Total RNA was 
TMisolated on the Qiacube  robot (Qiagen) with RNeasy Mini kit 

(Qiagen, Hilden, Germany) and an optional on column DNAse 

digestion with the RNAse-free DNAse set provided by the kit. RNA 
TMwas quantified by using the Quant-iT  RNA assay kit (Invitrogen, 

TMMolecular Probes) and a Qubit  fluorometer. cDNA was synthesized 

from 200 ng of total RNA with Thermoscript RT-PCR system 
TM(Invitrogen, USA) containing 15 U Thermoscript  reverse 

transcriptase, 50 ng randon hexamers, 5 mM DTT, 8 mM magnesium 

acetate and 1mM dNTP mix in a total volume of 20 uL.cDNA synthesis 
owas conducted at 25 C for 10 minutes followed by 50 minutes at 

o50oC and terminated by incubating at 85 C for 5 minutes. RNAse H 
o(supplied by the kit, 2U) was added and incubated at 37 C for 20 

minutes.

Polymerase chain reaction (PCR) were performed in a Tecne 

Thermal Cycler using 2 uL cDNA in a final volume of 25 mL with all 

reagents provided by the kit. PCR reactions contained 1.82 mM 

MgCl2, 200 mM dNTPmix, 0.2 mM of each primer and 1U Platinum 

Taq DNA polymerase (Invitrogen). Amplification conditions 
oconsisted of denaturation at 94 C for 5 minutes followed by 35 cycles 

oof denaturation at 94 C for 30 minutes, annealing at the specified 
otemperature (Table 1) for 30 minutes and elongation at 72 C for 30 

minutes. Expression of Gapdh was used as a control for RNA 

integrity. PCR products were visualized by electrophoresis on 2% 

agarose gels, stained with ethidium bromide and photographed 

under UV with Chemi Doc XRS (Bio-Rad). Primer sequences of all 

genes are displayed at Table 1.
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Statistical analysis

Experiments were performed in duplicate plates from three 

independent conditions. Morphological groups were analyzed by 

one-way ANOVA and Tukey´s multiple comparison post-test. 

Statistical calculations were performed using GraphPad Prism 

version 5.0 for Windows, San Diego, CA, USA

RESULTS

The experiments were performed in duplicate, always in the 

same laboratory, on three different occasions and by a different 

researcher at each occasion. In our hands, the cultures of 

embryonic stem cells presented the known dome-shaped, 

refractile colonies when cultured in the presence of MEF 

supplemented with LIF and for a maximum of 72 hours after the 

seeding (Figure 1C). After this period they passaged to new bottles 

or frozen. If maintained in culture after this 72 hour period, signs of 

differentiation were already evident (Figure 1D, arrow), which 

was confirmed by poor staining with alkaline phosphatase (Figure 

1H, arrow). When transferred to gelatinized vials in the absence of 

MEF, they initiated the process of spontaneous differentiation 

(Figure 1 E-G).

To verify the differentiation capacity of the USP-1 lineage, we 

adopted the EST test. In this assay, the differentiation in 

cardiomyocytes through the formation of embryoid bodies, is 

analyzed by observing "beating" areas. Our pilot experiments 

prior to these studies have demonstrated in two independent 

experiments the good quality of cells, since the beats were 

observed. It is worth noting that the embryoid bodies were formed 

by the conical tube method and not the hanging drops, as in the test 

EST. With regard to the formation of aggregates by the conical tube 

method, we observed that rarely more than three aggregates per 

tube were formed. However for the experiments, only the tubes 

containing one EB were considered, which were transferred 

directly from the conical tube to the 24-well microplates, as 

observed in Figure 1J, K. It was also observed that most of the EBs 

were consistent in size (median diameter 760 ± 30 μm) and shape 

(Figure 1 J). However, they adhered to the 24-well microplate at 

different times, that is, 24 hours after transfer to the culture plates, 

not all 24 EBs were adhered to the bottom of the plate.

So, seven days after the transfer to 24-well microplate, we 

observed morphologically distinct cultures in the 24-well tissue 

culture control plates. Then, before detaching the cells to perform 

RT-PCR analysis, cultures of each well were morphologically 

screened and pooled into three groups: A) cells that had a tissue-

like morphology; B) cultures that had some refractile small 

colonies, although edges were not clearly defined. Epithelial-like 

morphology was also present; C) in this group neural-like rosettes 

could also be seen among other cell types. The appearance of the 

representative cultures of the three distinct morphologies 

observed in control plates can be seen in Figure 2.

To provide a quantitative data about the observed morfologies 

we examined the distributions among the three groups. Results are 

shown in Figure 3. The groups were not significantlly different 

(p=0.19). Frequency of groups A, B, C was: 45.7 ± 4.1; 31.0 ± 9.6% 

and 23.3 ± 5.8%, respectively.

Between 5-FU-treated plates, we have observed similar 

morphology at the 7th day after the transfer. A representative 

photomicrograph is shown in Figure 4. As observed, cultures 

treated with 5-FU at a concentration of 0.024 ug/mL still showed 

an epithelial-like morphology until 5th day after the transfer to 

tissue culture plates (Figura 4A1). Since they had identical 

morphologies, all wells of each concentration were pooled and 

RNA was then further extracted to perform RT-PCR analysis.

The gene expression profile of mECS maintained in the presence 

of MEF and LIF are shown in Figure 5A. As can be see, the 

undifferentiated gene markers Oct4, Nanog and Alp are expressed 

at high levels (lanes 2, 7 and 8), confirming that the conditions for 

the maintenance of the undifferentiated state of these cells were 

adequate. However, some differentiation gene markers were 

expressed: nestin (Figure 5A, lane 3); neurofilament light 

polypeptide (lane 4) and bone morphogenetic protein 4 (lane 5). 

This is common in such cultures since a small degree of 

differentiation is always expected. When we analyze mESC that 

were maintained in gelatin coated flasks without MEF, 

spontaneous differentiation took place (Figure 5B). So, expression 

of undifferentiation gene markers was very low (compare lanes 7 

and 8 in A and B). In addition, all differentiation gene markers were 

expressed: Afpl (lane 1); Nes (lane 3), Nef1(lane 4), Bmp4 (lane 5) 

and Eomes (lane 6).

The analysis of the gene expression of the three distinct 

morphological groups of the control EBs (C1, C2, C3) as well as of 

EBs treated with the two concentrations of 5-FU (T1, T2) can be 

seen in Figure 5.We observed that the gene expression profile of 

the control plate was different between each group (compare C1, 

C2 and C3), probably reflecting the differences observed 

morphologically. So, the endoderm marker alpha fetoprotein was 

expressed only in group C1. Phosphatase alkaline was expressed in 

all control groups C1, C2 and C3. Expression of nestin, 

neurofilament light polypeptide and bone morphogenetic protein 

4 was observed only in control cultures from groups C1 and C2. In 

5-FU treated cultures, we observed expression of Alp (lane 2), Nes 

(lane 3) and Bmp4 (lane 5) at the two different concentrations.

Interestingly, the pattern of differentiation gene markers of 

group C2 is similar to that one of T1. However, the pattern of 

indifferentiation was quite distinct: Oct4 gene was highly 

expressed in C2 and absent in T1 or T2 and Nanog is weakly 

expressed in T1 and absent in C2. Also, the morphology of group C2 

and T1 was very different from each other probably due to 

differences in Oct4 and Nanog gene expression.
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Table 1: Murine primer sequences and polymerase chain reaction conditions

aGene symbol and name: according the community database for mouse at www.informatics.jax.org.

*PCR conditions according to zur Nieden et al. 2007 [19]

**PCR conditions according to Shi et al. 2006 [20]
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Figure1. Morphological characteristics of mouse embryonic stem 

cell line USP-1 growing in 2D and 3D cultures. Murine embryonic 

stem cells growing in a feeder of primary murine embryonic 

fibroblasts (MEF) (A-D) or in gelatin-coated flasks (E-G), after 24, 

48 and 72 hours after seeding, respectively. If cells were left in MEF 

for 96 h after seeding, differentiating colonies were clearly seen (D, 

arrow) by light microscopy or by faint phosphatase alkaline 

reaction (H, arrow). I Scheme of the experimental protocol. J A 

representative phase contrast microscopy image of a day 5 EB 

formed by the conical tube method. K Representative image of a 

24-well gelatin-coated microplate with EBs (arrow), previously 

formed individually in a 1.5 mL conical tube. Scale bar = 100 mm
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Figure 2. Representative cultures at 7th day after transfer to 24-

well tissue culture plates of EB´s generated by the conical tube 

method. Phase contrast microscopy was taken from two 

representative morphologies (1 and 2) from each group (A, B, C, 

see Material and Methods). Scale bar 100 mm. A neural-like 

rosette is shown in 3C (arrow) and in a zoom insert.

Figure 3. Box-wiskers plot of morphological groups found in 

control plates. Box limits represents 25 and 75 percentiles, line 

within box median, minimum and maximum values wiskers.

Figure 5. Agarose gel electrophoresis of the PCR products after RT-

PCR analysis of genes markers: 1:alpha fetoprotein (392 bp); 2: 

alkaline phosphatase (81 bp); 3: Nestin (375 bp); 4: neurofilament 

light polypeptide(81 bp); 5: bone morphogenetic protein 4 (346); 6: 

eomesodermin (178 bp), 7: nanog (192 bp); 8: Pou5f1 (313 bp). G: 

glyceraldehydes 3-phosphate dehydrogenase (162 bp) was a control 

of RNA integrity. Markers lanes: M1 (100 bp DNA ladder, Thermo

6645

Figure 4. Representative cultures after attachment of EB´s 

generated by the conical tube method. EB´s were first 

transferred to 24-well microplates and treated with 0.024 

mg/mL and 0.048 mg/mL of 5-FU in A and B, respectively. Phase 

contrast microscopy was taken from two representative 

morphologies at 5th day (1) and at 7th day (2). Scale bar 100 

mm. 
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Fisher scientific, USA), (100 bp and 500 bp have heightened 

intensity); M2 (low DNA ladder, Thermo Fisher scientific, USA, 

composed of 6 bands 200 bp, 400bp, 800 bp, 1200 bp and 2000 bp). 

RNA was extracted from cells of C1; C2 and C3 morphologies of the 

control tissue culture plates. RNA from tissue culture plates treated 

with 5-FU at 0.024 ug/mL (T1) and 0.048 ug/mL (T2) are also 

shown. In A and B, RNA was extracted from cultures maintained on a 

feeder of MEF (undifferentiated colonies), or cultivated on gelatin 

coated flasks (differentiated colonies).

DISCUSSION

In this study, we have performed experiments where aggregation 

of embryonic stem cells is induced by the conic tube method and 

then EBs were transferred to gelatin –coated tissue culture plate at 

day 5 to continue the differentiation process. By using well-

characterized USP-1 mESC line, three cell populations were assessed 

by morphological analysis in the 24–well control plate of attached 

EBs.

We have observed that the morphology and pattern of gene 

expression varied according to the time elapsed for EB adhesion 

after transfer to the gelatin coated 24-well plates. To date, these 

results have not been reported in the literature.

In fact, studies have demonstrated that the gene expression 

pattern of some typical markers of differentiation changed 

according to the methods of formation of EBs [12]. Although 

currently it is recognized that cell differentiation processes that 

begin with the formation of embryoid bodies, obey a coordinated 

temporal and spatial pattern [6], the formation of EBs that are 

homogeneous in shape and size is still a challenge.The need for 

obtaining well-defined EBs is justified by several studies that report 

that the differentiation potential of EBs varies according to the size 

and morphology of the aggregated cells [13,14].

Embryoid bodies formed by the conical tube method were very 

homogeneous in shape and size, but this did not prevent the 

morphology and the pattern of gene expression of EBs in the control 

plate from being different at the end of the differentiation process. 

This fact has led us to hypothesize that the molecular events for the 

process of cell differentiation, which start with the formation of the 

suspension cell aggregate, progress over time regardless of whether 

the EBs are kept in suspension or transferred to the culture plates.

It has also been reported that the method of EB formation affects 

structure and developmental expression [15]. Thus, since 

embryotoxicity tests adopt protocols where EBs are transferred to 

24-well cell culture plates at the end of the 5th day, it is important 

tomonitor whether all EBs adhere to the bottom of the plate at the 

same time, otherwise, erroneous conclusions about the influence of 

drugs on embryogenesis may occur, especially if comparative studies 

are performed.

Although we recognize that the time of adhesion of the EB's to the 

culture plate after transfer is difficult to be controlled (unless 

centrifugation is done, but this still needs to be tested), the addition 

of 5-FU directed the culture to a homogeneous cell population that 
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presented identical differentiated gene expression profile to an 

untreated culture. Differences between 5-FU and control cultures 

were only observed in relation to Oct4 and Nanog gene expression.

Although semiquantitative analysis was not the objective of this 

work, we observed in the agarose gel figures that the ratio between 

expression levels between Oct4 and Nanog of EBs treated with 5-FU 

was very different from that observed in the three morphologies 

found in non-treated EBs.

It has been reported that the pluripotent state is associated with a 

high correlation between the levels of Oct4 and Nanog gene and that 

such correlation is lost when the cells differentiate [16]. In this work, 

we observed that the treatment with a classic embryotoxicant 

caused the loss of correlation between the levels of Oct4 and Nanog 

in a different way from that observed during the process of 

differentiation of EBs.

Our results also showed that 5-FU treatment interfered with cell 

growth, probably due to necrotic events. Necrotic activities have 

been reported in cancer cells treated with 5-FU. [17]. Exposure of 

mouse embryonic stem cells to toxic pharmaceuticals compounds 

including 5-FU have been reported to be related to an increase 

necrosis-dependent cell death and to an impaired differentiation 

[18]. In this study, we found that of the two undifferentiated gene 

markers studied, only the Nanog mRNA is maintained after the 

treatment with 5-FU, leading to a distinct ratio in Oct4/Nanog gene 

expression levels from that found in control plates. If these finds 

would have implications in action mechanism of 5-FU, need to be 

further verified.

CONCLUSION

We concluded that although embryoid bodies have identical 

diameters they might adhere to the bottom of the culture plates at 

different times, resulting in a diversity of morphologies with gene 

expression profile of the differentiation gene markers quite variable. 

In addition we have showed that only gene expression ratio of 

undifferentiation gene markers Oct4 and Nanog has been different 

between control and 5-FU-treated embryoid bodies.
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