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Abstract 

 
Inner cell mass (ICM) is an important source of embryonic stem (ES) cells. There are several methods that 

have been developed to increase the efficiency of ICM cell isolation as well as improve the ES cells derivation rate. In 
conventional ICM isolation methods, the methods currently in use destroy trophectoderm cells of blastocyst stage 
embryos in order to release the ICM cell clumps. These conventional methods are considered embryo destruction 
methods as the embryos will be unable to survive after ICM is removed. Recently, an alternative method was 
reported using single biopsied blastomeres of earlier stage embryos as a source of ES cells. This novel method 
provides a new, ethically positive option that avoids destroying the embryos. This brief review of the techniques 
involved in ICM isolation and ES cells establishment, along with methodological comparisons, outlines the 
development of each technique, which may be used as a resource for choosing a suitable procedure for future 
experiments. 
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บทคัดย่อ 

จากเทคนิคจุลศัลยกรรมสู่เทคนิคการใช้เซลล์ตวัอ่อนเพียงหนึ่งเซลล์สําหรับการผลิตเซลล์ต้น
กําเนิดตัวอ่อน 
 
จันทร์เจ้า ล้อทองพานิชย์ 1* ชุติ เหล่าธรรมธร 2 รังสรรค์ พาลพ่าย 3*   

 
อินเนอร์เซลล์แมส (ICM) เป็นแหล่งของเซลล์ท่ีสําคัญท่ีสุดในการผลิตเซลล์ต้นกําเนิดตัวอ่อน การสกัดเซลล์ ICM ออกจากตัวอ่อน

สามารถทําได้หลายวิธี จวบจนปัจจุบันหลายวิธีได้ถูกพัฒนาเพื่อให้ได้เซลล์ ICM ท่ีมีประสิทธิภาพดีและสามารถเพิ่มอัตราความสําเร็จในการ
ชักนําให้เป็นเซลล์ต้นกําเนิดตัวอ่อนได้ ท้ังนี้วิธีสกัดเซลล์ ICM แบบดั้งเดิมเป็นเทคนิคท่ีต้องทําลายตัวอ่อน เนื่องจากตัวอ่อนจะไม่สามารถ
พัฒนาต่อไปได้เมื่อ ICM ถูกสกัดออกไป แต่ล่าสุดมีการพัฒนาเทคนิคใหม่ขึ้นมาเป็นอีกหนึ่งทางเลือกท่ีจะทําให้ผลิตเซลล์ต้นกําเนิดตัวอ่อนได้
โดยไม่ต้องทําลายตัวอ่อน เนื่องจากจะใช้เซลล์ตัวอ่อนที่ระยะต้นๆ ของการพัฒนาเพียงหนี่งเซลล์มาใช้เป็นแหล่งของเซลล์ต้นกําเนิดตัวอ่อน
แทนการใช้ ICM จากตัวอ่อน ระยะบลาสโตซีส เทคนิคการผลิตเซลล์ต้นกําเนิดตัวอ่อนจากเซลล์ตัวอ่อนระยะต้นเพียงหนึ่งเซลล์นี้สามารถลด
ข้อจํากัดทางจริยธรรมลงได้ เนื่องจากตัวอ่อนที่ถูกสกัดเซลล์ออกมาเพียงหนึ่งเซลล์จะยังสามารถพัฒนาต่อไปได้เช่นเดียวกับตัวอ่อนปกติ ใน
เอกสารฉบับนี้ได้รวบรวมเทคนิคต่างๆ ท่ีเกี่ยวข้องกับการสกัดเซลล์ ICM และผลิตเซลล์ต้นกําเนิดตัวอ่อน นอกจากนี้ยังมีข้อมูลสําหรับ
เปรียบเทียบแต่ละเทคนิค รวมถึงการพัฒนาเทคนิคแต่ละวิธีจากอดีตจนถึงปัจจุบันเพื่อจะได้เป็นประโยชน์ ในการวางแผนการทดลองของผู้ท่ี
สนใจต่อไปในอนาคต  
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Introduction 

 The blastocyst contains trophectodermal (TE) 
and inner cell mass (ICM) cells. TE cells develop into 
the placenta after the blastocyst implants to the 
endometrium layer of a mother’s uterus. ICM cells 
develop into three embryonic germ layers and a yolk 
sac. The three embryonic germ layers eventually 
incorporate into a fetus. In other words, the ICM is 
differentiated into the three embryonic germ layers of 
the fetus. Therefore, the ICM, which can only be 
observed when the embryo develops to the blastocyst 
stage, is the only source for establishing an ES cell. 
High quality blastocysts with distinct ICM cells are 
the most appropriate for ES cell establishment. In 
general, one blastocyst contains only one ICM. If the 
ICM is removed to establish an ES cell line then the 
blastocyst has no further chance to implant and 
develop into a fetus. Since 1981, there have been 
several methods of ICM cells isolation that have been 
developed, but among those techniques 
immunosurgery seem to be the most favored 
technique among researchers  because it is the most 

effective and the simplest method to isolate the clear 
ICM cells (Solter and Knowles, 1975; Martin,1981; 
Piedrahita et al., 1990; Chen et al., 1999; Anderson et 
al., 1994; Thomson et al., 1995; Moore and Piedrahita, 
1997; Thomson et al., 1998; Reubinoff et al., 2000; 
Suemori et al., 2001; Vrana et al., 2003; Cowan et al., 
2004; Heins et al., 2004; Brevini et al., 2005; Ock et al., 
2005; Mateizel et al., 2006; Mitalipov et al., 2006; Shiue 
et al., 2006). This could explain why almost all ES cell 
lines have been established from the ICM cells of 
blastocyst embryos since then. Unfortunately, 
immunosurgery required animal products in the 
process, such as anti-sera and guinea pig complement, 
which adds a risk of pathogen contamination, 
especially when using this technique to establish 
human ES cell lines. Recently, a novel method for ES 
cell establishment has been developed by using single 
blastomeres of early stage embryos as a source of ES 
cells (Chung et al., 2006). It has been introduced as 
another method of choice to address ethical issues, 
especially those of embryo destruction. Additionally, 
it could be used as a method for establishing the 
patient specific ES cells. This review will summarize 
the methods involved in ICM cells isolation including 
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the techniques that destroy embryos (conventional 
techniques) and those that do not (novel methods). 
However, each procedure has specific characteristics 
that need to be considered before their use with your 
embryos. 

 

1. Conventional methods 

 Since 1972, ICMs have been isolated by 
mechanical techniques (Gardner, 1972). Several 
methods have since been established, such as 
immunosurgery, calcium ionophore (A23187), whole 
or partial blastocyst culture, laser dissection and 
digestion methods. Each method has been used in 
ICM isolation for ES cell establishment. However, 
these methods are considered embryo destruction 
techniques, which clearly raise ethical issues. Yet 
some of these techniques such as immunosurgery and 
whole or partial embryo culture have widely still been 
in use.     

1.1. Microsurgery 

 This technique was first reported by Gardner 
(1972) for TE and ICM cells separation in his 
investigation of the function of TE and ICM cells of 
mouse blastocysts (Gardner, 1972). The separation 
was performed by micromanipulator. The blastocysts 
were placed in a drop of medium hanging from the 
coverslip of a chamber filled with heavy liquid 
paraffin. Then, the blastocysts were held by suction 
pipette against the underside of the coverslip of the 
hanging drop. A piece of micro-blade was attached 
and arranged vertically on one manipulator unit, so 
that the micro-blade surface was parallel with the 
coverslip of the chamber. Then the micro-blade was 
slowly moved parallel to the ICM cells surface to cut 
the TE cells (Gardner, 1972; Rossant, 1975). This 
method was later modified for isolating ICM cells 
from blastocysts and used as a source of ES cells. The 
manipulation technique was modified by using only 
two fine needles for ICM dissection under 
stereomicroscope which was much more practical and 
easier to perform. It worked very well in several in 
vivo produced embryos such as cat (Yu et al., 2008) 
and a human embryo (Kim et al., 2005) because the in 
vivo produced embryos had more distinct ICM cells 
than the embryos produced in vitro. Later in 2007, 
Strom and colleagues reported a new mechanical 
technique for ICM isolation by using a specially made 
flexible tungsten needle, with a diameter of 0.125 mm. 
The tip was thin and sharpened using electrolysis. 
Another blunter needle was used to hold the 
blastocyst during the cutting out of the ICM. Both 
needles were fixed to hand-pieces of pencil-thickness 
for manual operation under stereomicroscope. The 
blastocyst was moved to the operation drop then 
drawn out with the needle so that the blastocyst 
became attached to the surface of the well. With the 
blastocyst attached to the plastic, it was possible to 
make a hole in the zone pellucida with the needle to 
open up the blastocyst and by making two to three 
cuts, to remove the ICM from the trophectoderm. The 
procedure took about two to three minutes per 
embryo (Strom et al., 2007).  

1.2. Immunosurgery  

Immunosurgery can be used to obtained 
large quantities of pure ICM masses in relatively short 
periods of time (Solter and Knowles, 1975). It relies on 
the compatibility of antibody to the cell surface 
antigen of trophoblastic cells of the blastocyst stage 
embryo. This compatibility causes a selective killing 
of trophoblastic cells after the complement is added 
into the system. Briefly, the blastocysts are cultured 
with a proper concentration of antigen for about 30 
minutes (Solter and Knowles, 1975). The antigen is 
usually derived from serum of rabbit anti 
spleenocytes of the target embryo’s species. Then the 
blastocysts are subsequently washed several times to 
discard the unbound antibodies before incubation 
with a suitable concentration of complement for 15-30 
minutes. During the incubation with complement, 
trophoblastic cells swell, and finally loose their 
semipermeability. Pilz and colleagues (1970) 
suggested that the mouse blastocyst was impermeable 
for molecules larger than 40A°. This makes the 
passage of an immunoglobulin molecule (antibody) 
with a larger diameter impossible. Therefore, to 
intensively wash out the unbound antibodies will 
secure ICM cells, because there will be no antibodies 
left over to bind with the antigen on the ICM cells 
surface after the TE cells are destroyed in the 
complement. To do so, only TE cells will be 
destroyed, thus leaving the ICM intact. One of the 
advantages of this method is that it allows the 
recovery of many ICMs without the risk of 
mechanical damage that might occur in a 
microsurgical method (Solter and Knowles, 1975). To 
assess the purity of ICM cells after immunosurgery, 
Handyside and Barton (2007) studied the failure to 
detect fluorescent-conjugate antibodies in IgGs or 
trophoblastic-type outgrowths in vitro and found that 
the dissected ICMs showed a negative result. 
Moreover, they found that the protein synthetic 
profile of these ICMs was similar to microsurgically 
dissected ICMs, and in particular, trophoblast specific 
spots were absent. Additionally, when the ICM cells 
were transferred to the uterus of the pseudopregnant 
mice for evaluation of the implantation capacity, they 
only found the ICM derived tissues. This finding 
demonstrates the lack of TE cell contamination and 
functional viability of these ICMs.  

In 1981, Martin, G.R. established the first ES 
cell lines by using immunosurgery as a method for 
ICM cells dissection before culturing ICM cells in 
teratocarcinomas conditioned medium. Several days 
after culture, the ICMs showed remarkable 
resemblance to pluripotent morphologies as 
embryonal carcinoma (EC) stem cell lines. Martin 
named the pluripotent cell lines derived from ICM 
cells as embryonic stem (ES) cells to denote their 
origin directly from embryos and to separate them 
from EC cells which were derived from 
teratocarcinomas (Martin, 1981). After the success of 
the first mouse ES cell lines established by 
immunosurgery, several attempts in other animal 
species were reported such as pig (Piedrahita et al., 
1990; Anderson et al., 1994; Moore and Piedrahita, 
1997; Chen et al., 1999; Brevini et al., 2005; Ock et al., 
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2005; Shiue et al., 2006), monkey (Thomson et al., 
1995; Suemori et al., 2001; Vrana et al., 2003; Mitalipov 
et al., 2006), and human (Thomson et al., 1998; 
Reubinoff et al., 2000; Cowan et al., 2004; Heins et al., 
2004; Mateizel et al., 2006). Currently, immunosurgery 
is a commonly used method for establishing ES cells 
from ICM of blastocyst stage embryo. 

1.3. Calcium Ionophore A23187  

Calcium ionophore A23187 is a 
monocarboxylic acid antibiotic, specifically a divalent 
cation. It increases intracellular ionized calcium (Reed 
and Lardy, 1972) and also includes mitogenic effects 
on lymphocytes (Freedman, Raff & Gomperts, 1975; 
Hesketh et al. 1977), inhibited morphological changes 
in cells induced by dibutyryl cyclic AMP (cAMP; 
Henneberry et al., 1975), releases histamine from most 
cells (Foreman et al., 1973), causes prevention of 
retinal orientation in developing eyes of Xenopus 
laevis  (Rose and Loewenstein, 1975; Jacobson, 1976), 
and chemically activated unfertilized eggs such as 
mouse ( Hagemann et al., 1994; Uranga et al., 1996), 
cat (Grabiec et al., 2007), pig (Wang et al., 1998) and 
bovine (Liu et al., 1998; Chung et al., 2001; Xu and 
Yang, 2001; Sedmikova et al., 2003). It also can be used 
as one of the activation reagents in cloned embryo 
development in several species such as bovine 
(Milazzotto et al., 2008), buffalo (Saikhun et al. 2003) 
and human (Heindryckx et al., 2007). For ICM 
isolation, calcium ionophore A23187 was accidentally 
found during the course of experiments to detect the 
mitogenic action of A23187 on blastocysts. Surani and 
colleagues (1978) found that 2x10-5 M calcium 
ionophore (A23187) caused selective lysis of 
trophectoderm cells and occurred after approximately 
30 min following their swelling and vesiculation, but 
the ICM apparently remained intact (Surani et al., 
1978). Using calcium ionophore A23187 to destroy TE 
cells is morphologically identical to the lysis of the cell 
observed after treatment of blastocysts with 
antibodies and complement similar to that used in the 
immunosurgery method. The ICM recovery rate after 
the late expanded blastocysts were treated with 
ionophore was 100%, but the recovery rate was lower 
when early stage blastocysts were used (75-82%; 
Surani et al., 1978). Calcium ionophore A23187 was 
used in some later reports for ICM isolation of rodent 
(Harlow and Quinn, 1979; 1980; Piedrahita et al., 1990) 
and ovine embryos (Piedrahita et al., 1990). The 
mechanism of TE cells lysis after being treated with 
calcium ionophore A23187 is still not clear. It can be 
due to an osmotic phenomenon which can be 
explained by either the suggestion that sodium (Na+) 
flows into the cells more quickly than the outward 
flow of potassium (K+), that the influx of water then 
causes swelling and lysis of cells (Green et al., 1959) or 
the ionophore induces the uncontrolled flux of 
carbonic anhydrase II (Reed and Larde, 1972) 
followed by swelling and vesiculation after the entry 
of water into the cells. This method, however, is not 
generally used for ICM cell isolation today. This 
might be because of the uncontrollable osmotic action 
and mechanism of destroying the TE cells are not 
clear and, as mentioned above, the calcium ionophore 
A23187 can be used in several ways which might 

generate side effects or affect the success rate of ES 
cells establishment.  

1.4. Whole Blatocyst or Partial Blastocyst Culture 

The whole blastocyst and partial blastocyst 
culture methods seem to be the most advantageous to 
produce pathogen-free ES cell lines especially for 
human ES cells, because of the absence of animal 
products such as antibody and complement, which 
are used in immunosurgery methods. Whole 
blastocyst culture has been used for ES cell 
establishment since 1981 when Evan and Kaufman 
(1981) cultured the delayed blastocysts in culture 
drops to let the embryos attach to the feeder cells. 
After attachment, TE cells grew out and differentiated 
to giant cells, where as ICM cells formed into egg 
cylinder shapes. The ICM cells were picked off and 
dispersed by trypsin treatment and reseeded onto 
feeder cells. By using this technique, they established 
15 pluripotent cell lines from an independent embryo 
(Evans and Kaufman, 1981). This method has been 
used in particularly with animals in therapeutic 
studies such as pig (Evans et al., 1990; Piedrahita et 
al., 1990; Hochereau-de-Reviers and Perreau, 1993; 
Gerfen and Wheeler, 1995; Miyoshi et al., 2000; Li et 
al., 2004a; Kim et al., 2007) and human embryos as 
well (Heins et al., 2004, Kim et al., 2005). The whole 
blastocyst culture method is much simpler than other 
methods described above because it does not need 
any special chemical reagent or high instrument 
platform. For this method, the zona pellucida can be 
removed from embryos by using any suitable method. 
The zona-free embryos are then plated onto feeder 
cells. A few days after plating, the attachment of the 
whole embryo to feeder layer can be seen. The TE 
cells collapsed and begin to expand, whereas ICM-like 
cells form a dome shape surrounded by differentiated 
TE cells. When the ICM clump looks big enough, a 
finely pulled pipette is used to picked off the ICM 
clump and transferred it to fresh feeder cells. The 
differentiated TE cells are left in the plate or discarded 
after ICM clumps are picked off. This simple 
procedure, however, runs a much greater risk of TE 
cell overgrowth than the other methods, because the 
entire TE cells are cultured along with the ICM clump 
for several days. The ICM cells are often covered with 
differentiated TE cells resulting in unclear observation 
of ES cell morphologies. The ICM might not grow 
properly, might degenerate or eventually differentiate 
(Li et al., 2003). To avoid these problem, partial 
blastocyst culture is used in some cases instead of 
whole blastocyst culture. The partial blastocyst 
culture protocol is similar to whole blastocyst culture, 
except part of the TE cells will be cut off by a 
mechanical technique such as fine needles or glass 
pipette. To do so, parts of the TE cells will be removed 
resulting in significant reduction of the risk of TE cells 
overgrowth, which tends to inhibit the growth of ICM 
cells (Lee et al., 2003; Kim et al., 2005). The zona intact 
blastocyst culture is another method of choice to 
establish ES cells. Kim and colleagues (2007) cultured 
zona-intact pig blastocyst stage embryos and 
compared them with zona-free blastocysts and ICMs 
(derived from immunosurgery). They found that the 
number of attached blastocysts of zona intact embryo 
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(27.8%; 15/54) was lower than zona-free embryo 
(42.4%; 36/85) and significantly lower than those from 
immunosurgery (68.5%; 87/127). The significant 
differences were also observed in the rates of primary 
colony formation of ICMs derived by immunosurgery 
(36.8%; 32/87), which significantly increased in the 
group of zona-free (19.4%; 7/36) while no primary 
colony formed in the zona-intact group (0%; 0/15). 
Even though, zona-intact embryo culture is one of the 
pathogen free techniques, it is not often used because 
this technique has resulted in lower success rates of 
ES cell establishment (Kim et al., 2007). This might be 
because of the difficulty of the hatching process, 
which is a problem often found in in vitro cultured 
embryos.  

1.5 Laser Dissection 

Laser applications have been used in assisted 
reproductive technology (ART) for several years 
including assisted hatching (Obruca et al., 1994), 
embryo or polar body biopsy (Veiga et al., 1997; 
Montag et al., 2000), sperm immobilization (Montag et 
al., 2000), and ICSI (Rienzi et al., 2001), all of which 
resulted in significantly high fertilization and 
pregnancy rates of in vitro produced embryos (Obruca 
et al., 1994; Tanaka et al., 2006). Laser assisted ICM 
isolation was first used for mouse ICM cells isolation 
in 2006 (Cortes et al., 2006; Tanaka et al., 2006). Their 
results demonstrated that the laser dissection method 
had no influence on ICM attachment and ES cells 
derivation when compared with the zona-free whole 
blastocyst culture and ICMs derived immunosurgery, 
but was significantly higher than zona-intact 
blastocyst culture. In 2008, Turetsky and colleagues 
(2008) used the erbium-yttrium-aluminium-garnet 
(Er: YAG) laser to isolate ICM cells from human 
embryos (Turetsky et al., 2008). Eight ICMs were 
isolated from nine hatched blastocysts, which gave 
rise to three hES cell lines (37.5%; 3/8). This efficiency 
is similar to the reported after isolation of the ICM by 
immunosurgery (Thomson et al., 1998; Cowan et al., 
2004; Ludwig et al., 2006; Mateizel et al., 2006). In 
general, laser assisted ICM isolation is performed as 
follows: The zona-intact blastocysts are fixed by two 
holding pipettes with the ICM positioned at either 
nine o'clock (Tanaka et al., 2006) or three o’clock 
(Turetsky et al., 2008). In mouse embryos, 
approximately 10 infrared laser pulses at 300 mW x 1 
ms (ZILOS-tk™, Hamilton Thorne Research, Beverly, 
MA USA) are fired to split the blastocyst into two 
unequal portions the smaller consisting of ICM, the 
larger consisting exclusively of trophoblast; whereas 
in human embryos, 20-30 infrared laser pulses at 200 
mW x 0.5 ms are used.  However, special attention 
must be paid to direct the laser beam far enough from 
the ICM to prevent heating and damage of the ICM. 
Additionally, during the laser dissection experiment, 
there is a 40% possibility that some blastocysts will 
not undergo successful ICM isolation, because the TE 
cells collapse during the laser drill (Turetsky et al., 
2008).  

1.6 Digestive Method 

The digestive method is also possible for 
ICM cells isolation (Li et al., 2003; 2004b). Currently, 

two reagents have been used for TE cells digestion, 
enzymatic (Trypsin/EDTA) and Acidic Tyrode’s 
solution. The enzymatic method has been used with 
pig embryos to compare the efficiency of isolation 
among whole blastocyst culture, immunosurgery and 
the enzymatic method. For the digestive method, 
blastocyst stage embryos must be treated with 
pronase or acidic Tyrode’s solution to remove the 
zona pellucida. Then, the zona-free embryos are 
submerged into a microdrop of 0.25% trypsin-0.04% 
EDTA solution for several minutes. During the 
treatment, embryos are observed under 
stereomicroscope for the dispersion of TE cells. When 
the TE begins to disperse, the blastocysts are 
transferred to another drop with culture medium, and 
ICM cells are isolated from the dispersed TE cells by 
the aid of two needles and a pulled mouth pipette. 
However, it should be noted that the whole embryo 
culture method has a lower attachment than ICM 
isolated by enzymatic method (Li et al., 2003). Eighty-
five percent of the ICM cells are successfully 
recovered from blastocyst treated by the enzymatic 
method as opposed to 40% from immunosurgery (Li 
et al., 2004b). The ICMs obtained by the enzymatic 
method prove to be pluripotent and can be 
differentiated into other types of cells.  

Acidic Tyrode's Solution is a chemical 
defined solution, which is widely used to remove all 
or some zona pellucida from embryos (Cowan et al., 
2004; Ellerstrom et al., 2006). It is an effective medium 
and very quickly removes zona pellucida within a few 
seconds. Because of the chemically defined solution, 
acidic Tyrode’s solution is much more suitable for a 
pathogen-free system than pronase which is a product 
of bacteria. Ellerstrom and colleagues (2006) used 
acidic Tyrode’s solution for ICM isolation from 
human embryos. The blastocysts were incubated in 
acidic Tyrode’s solution and carefully observed until 
zona pellucida and TE cells were eliminated. They 
suggested that 30-40 seconds were the optimum time 
to remove both zona pellucida and TE cells. However, 
this treatment could not be used to completely 
destroy TE cells without damaging the ICM cells. 
Therefore, the initial outgrowth from the treated 
blastocysts composed of a heterogenous cells 
population. However, areas of morphologically 
distinct ES cells appeared which could be picked off 
and transferred to fresh plates. Homogenously 
expressed Oct4 and morphologically resembled 
undifferentiated hESCs, with a small cytoplasm-to-
nucleus ratio, could be found at around the fifth 
passage (Ellerstrom et al., 2006). 

 

2. ES Cell Lines Derivation from Single Blastomeres  

Since 1981, ES cells have been successfully 
established from several species including mice (Evan 
and Kaufman, 1981; Wakayama et al., 2007), monkeys 
(Thomson et al., 1995; Suemori et al., 2001), and 
humans (Baharvand et al., 2006; Heins et al., 2006). 
Although most of the currently available ES cell lines 
were derived from the ICM cells of a blastocyst stage 
embryo, it was noted that only a small number of 
blastomeres from eight-cell (Delhaise et al. 1996) and 
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16-cell (Eistetter, 1989) mouse embryos were viable for 
deriving ES cells. However, those resulted ES cells can 
still be considered established by an embryo 
destruction technique. Therefore, they are still faced 
with ethical issues, and equally important, immune-
compatibility can not be expected from ES cell lines 
derived from ICM of blastocyst stage embryos. Chung 
and colleagues (2006) reported an alternative method 
of establishing ES cell lines using a technique of single 
blastomere biopsy, which is similar to the techniques 
used in pre-implantation genetic diagnosis (PGD) in 
IVF clinics. A single biopsied blastomere will not 
interfere with the developmental potential of the 
biopsied embryos (Chung et al., 2006). In PGD, the 
most common technique involves removing a single 
blastomere from the eight-cell embryo. The 
blastomere is analyzed to detect genetic 
abnormalities; the resultant seven-cell embryos that 
have no abnormalities are then transferred to the 
mother’s uterus for implantation and pregnancy. 
After the novel report by Chung and colleagues 
(2006), there were several further attempts in mice, 
monkey and humans that have been reported 
(Klimanskaya et al., 2006; Wakayama et al., 2007; 
Teramura et al., 2007; Chung et al., 2008; 
Lorthongpanich et al., 2008a,b; Narita et al., 2008). 
However, there are also some new techniques 
discovered by those people besides culturing the 
single blastomere as described by Chung and 
colleagues (2006).  

The following summarizes techniques 
relating to ES cells establishment from a single 
blastomere. The techniques will be grouped into three 
categories including (1) single blastomere co-cultured 
with ES supporting cells, (2) whole blastocyst derived 
from single blastomere outgrowth and (3) 
immunosurgery of blastocyst derived from single 
blastomere. The first technique, co-culturing a single 
blastomere with ES supporting cells, was reported in 
mouse (Chung et al., 2006) and human embryos 
(Klimanskaya et al., 2006; Chung et al., 2008). Single 
blastomeres were biopsied from eight-cell stage 
embryos and each separated blastomere was 
aggregated with a small clump (around 100 cells) of 
GFP-positive ES cells (ES supporting cells) in a 300µm 
depression created by pressing a needle into the 
bottom of a plastic tissue culture plate. After 24-48 
hours of incubation in ES cell culture medium 
supplemented with 2,000 U/ml mouse leukemia 
inhibitory factor (LIF) and 50mM MEK1 inhibitor, a 
GFP negative bud was observed on the side of ES 
supporting cells. Then, the aggregates were 
transferred to feeder cells and ES culture medium 
until the GFP negative cells were large enough to 
subculture. The GFP-negative cells were separated 
from ES supporting cells by microcapillary under 
fluorescent microscope. The GFP-negative cells were 
then expanded and tested for ES cell markers. Not 
only mouse ES cell lines, but also extraembryonic (TE) 
stem cell lines could be established by single 
blastomere culture with ES supporting cells (Chung et 
al., 2006). The second method, whole blastocysts 
derived from single blastomere outgrowth, was 
reported a year later by Wakayama and colleagues 
(2007). The biopsied blastomeres were individually 

cultured in 96 well plates precoated with feeder cells 
in ES culture medium with 20% Knockout Serum 
Replacement (KSR) and 0.1 mg/ml adrenocortico-
tropic hormone (ACTH; fragments 1–24) instead of 
fetal calf serum (FCS). During the time that the 
blastomeres were in culture, they could divide and 
develop into blastocysts. After 10 days or more, 
proliferation outgrowths were dissociated and 
replated to expand until stable ES cell lines grew out. 
Using this technique, they could produce several ES 
cell lines from single blastomeres derived from two-
cell (50-69%), early four-cell (28-40%), late four-cell 
(22%), and eight-cell (14-16%) stage embryos 
(Wakayama et al., 2007). The last method is 
immunosurgery, where the blastocyst is derived from 
a single blastomere. Since the single blastomere 
derived blastocyst contains a small amount of ICM 
cells (Lorthongpanich et al., 2008a), there are not many 
attempts to use immunosurgery with a single 
blastomere derived embryo. However, there was a 
paper describing the successful use of 
immunosurgery with blastocysts derived from single 
blastomeres of two-cell stage embryos that contained 
prominent ICM cells (Teramura et al., 2007). 

 

3. Current Situations of ES cell Established from 
Single Blastomere 

Deriving embryonic stem cells from single 
blastomeres is an effective technique to overcome the 
ethical concerns for establishing ES cells, especially 
hES cells, because this is a non-destructive embryo 
technique. However, as it has only been in use for a 
few years, there still have many profound problems 
that need to be studied. Some of the more interesting 
problems are why, in the more advanced embryonic 
stage, the success rate of ES cell establishment is less; 
and how can the success rate of ES cell establishment 
be improved. In addressing those problems, we may 
be able to look at two major factors, which are 
blastomere fate determination and the culture system. 
We know that during the pre-implantation embryo 
development, two distinct segregated cell lineages are 
established late in the morula stage. The outer cells of 
the embryo will become TE cells and the inside cells 
will become ICM cells. Lineage segregation has also 
been studied in early embryos for almost 50 years. 
Currently, there are two active models that attempt to 
explain the segregation fate in early embryos. One 
posits that lineage is not predetermined until late 
morula stage, whereas another suggests that fate is 
already determined very early in the embryo 
development. Up to now, the early embryonic sister 
blastomeres differentiation competence is still one of 
the fundamental questions that has not been fully 
explained (Tarkowski et al., 1959; Takowski and 
Wroblewska, 1967; Rossant, 1976; Tsunoda and 
McLaren, 1983; Papaioannou et al., 1989; Chan et al., 
2000; Piotrowska et al., 2001; Piotrowska-Nitsche et 
al., 2005). There have been several attempts at trying 
to produce a full set of offspring after transfering 
isolated blastomeres derived embryos and splitting 
embryos to surrogates. Unfortunately, not all 
blastomeres were able to develop to term (Rossant, 
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1976; Tarkowski et al., 1959; Tsunoda and McLaren, 
1983; Papaioannou et al., 1989; Heyman et al., 1998; 
Chan et al., 2000; Mitalipov et al., 2002; Schramm and 
Paprocki, 2004). Even though the production of 
monozygotic twins by separating two-cell embryos 
has been achieved in some species (Willadsen, 1979; 
Willadsen et al., 1981; Willadsen et al., 1981; Ozil et 
al., 1982; Allen and Rashen, 1984; Tsunoda et al., 1984; 
Matsumoto et al., 1989; Papaioannou et al, 1989) only 
one report showed the pluripotency of four-cell 
blastomeres which produced quadruplets (four 
identical calves) (Johnson et al., 1995). It has also been 
found that although each two-cell stage blastomere 
gives rise to both the ICM and the TE lineages, one 
cell tends to contribute more to the embryonic part of 
the blastocyst, and the other cell contributes to the 
abembryonic part (Gardner, 2001; Piotrowska-Nitsche 
et al., 2001; Fujimori et al., 2003; Piotrowska-Nitsche 
and Zernicka-Goetz, 2005). Additionally, at the four-
cell stage, Piotrowska-Nitsche and colleagues (2005) 
demonstrated that each blastomere had predictable 
fates. The allocation bias of a two- and four-cell 
blastomere progeny suggests the differential 
developmental competence of the sister blastomeres 
and their lineage fate. As reported by Chung and 
colleagues (2006), the blastomeres were biopsied from 
eight-cell stage embryos and were co-cultured with ES 
supporting cells. They could produce both ES cell 
lines and extraembryonic (trophoblastic) stem cells 
lines. These also suggest the bias of the blastomeres of 
eight-cell stage embryos. However, several reports 
have demonstrated the non-developmental bias in 
early stage blastomeres. Therefore, whether or not the 
lineage fate is committed at an early embryonic stage 
remains unclear. Another factor that might affect the 
success rate of ES cell establishment from a single 
blastomere is the culture system. This technique was 
originally developed by the culture of a single 
blastomere in conventional mouse ES medium 
supplemented with some protein inhibitor reagents 
and/or co-cultured with ES supporting cells. MAPK 

family is the common pathway involved in stem cell 
research because of its roles in regulating 
proliferation, differentiation and apoptosis (Binetruy 
et al., 2007). Some of the MAPK inhibitors have been 
used for the derivation of ES cells from single 
blastomeres such as MAP2K (I) and MAPK14 (I) 
(Chung et al., 2006; Lorthongpanich et al., 2008b). 
Although single blastomeres derived ES cell lines 
have been successfully established from MAP2K (I) 
supplementation and co-culturing with ES supporting 
cells, the role of MAP2K (I) and ES supporting cells 
have not yet been determined (Chung et al., 2006). 
MAPK14 (I) has been reported to inhibit TE cells 
differentiation of mouse morula stage embryo. This 
suggests the potential of enhancing ICM development 
by suppressing TE cells (Maekawa et al., 2005). 
MAPK14 (I) has been supplemented into culture 
medium for single blastomere culture and ES cell 
derivation. The results demonstrated that MAPK14 (I) 
could inhibit the development of blastomeres derived 
embryos and also inhibit TE cell differentiation which 
is similar to its action on an intact embryo. However, 
MAPK14 (I) could not enhance ICM development in 
single blastomeres derived embryos, but instead 
inhibited ICM formation (Lorthongpanich et al., 
2008b). Adrenocorticotropic (ACTH) is a peptide 
hormone produced from the pituitary gland 
responsible for an important role in early 
development. ACTH has been found to enhance ES 
cell proliferation from ICM derived ES cell lines 
(Ogawa et al., 2004). Recent studies have further 
confirmed the role of ACTH in supporting the 
derivation of ES cells from single blastomeres 
(Wakayama et al., 2007; Lorthongpanich et al., 2008b; 
Narita et al., 2008).  However, supplementation with 
ACTH is not enough to ensure that every blastomere 
derived from the same embryo become ES cells. The 
result of ACTH studies also suggested that 
blastomeres derived from higher stage embryos had 
lower success rates than those blastomeres derived 
from lower stage embryos (Wakayama et al., 2007). 

 
Table 1 Comparison of each method for ES cells establishment from ICMs of blastocyst stage embryos 
 
Method Mechanism Prominent point Weak point 
Microsurgery Use micro blade or fine 

needles to cut TE cells  
Simple method Crude method,  

Takes time,  
Difficult to make ICM with 
clear TE cells, 
ICM might have losses during 
processing, Depending on the 
operator technical’s skills 

Immunosurgery Specification of antibody 
against  antigen on TE cells 
surface 

Complete destruction of TE 
cells  

Pathogen-contamination risk, 
ICM might have losses during 
processing 

Calcium Ionophore (A23187) Osmotic pressure change in 
TE cells causes cell lyses 

Simple method Uncontrollable of various 
effects of A23187   

Whole or partial blastocyst 
culture 

Remove ZP or partially cut TE 
cells and ready to plate onto 
feeder cells 

Most simple method, 
Pathogen-free 

TE cells overgrowth 

Laser dissection Laser drill to destroy TE cells 
under  

Pathogen-free Need Laser set and operator’s 
micromanipulator skill, 
Takes time, 
Heat from laser beam  

Digestive method Use Trypsin/EDTA or Acidic 
Tyrode’s solution to digest TE 
cells 

Simple method Pathogen-contamination risk 
(Pronase), 
ICMs might be hurt from 
digestion process 
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Conclusion 
 ICM isolation is an early step that determines 
whether ES cells are considered pathogen free. When 
generating ES cell lines, there are some criteria that 
need to be considered before choosing one of the 
methods for ICM cells isolation. First, we need to 
consider whether the ES cells need to be xeno-free, 
then, what quality of embryo is needed, and finally, if 
your laboratory has a manipulator and a skillful 
operator. As shown in Figure 1, when using the 
conventional method, one must first decide whether 
the ES cells need to be xeno-free. If they do, then the 
embryos need to be separated into (at least) two 
groups, good and poor quality. The poor quality 
embryos with unclear and small ICM cells should use 
zona-free whole blastocyst culture otherwise the tiny 
ICM cells may be lost during processing in 
subsequent complicated procedures. For good 
blastocysts, there are many options depending on 
your manipulator’s skills. For skillful people, laser 
dissection or mechanical isolation with micro blade or 
with ultra fine pulled glass needles could be a method 
of choice. On the other hand, partially cutting off the 

TE cells with fine needles, calcium ionophore 
(A23187) or Trypsin digestion methods can be used 
by a person with lesser skills. However, if the ES cells 
do not need to be xeno-free, you can also use 
immunosurgery for ICM cells isolation from a good 
blastocyst. Even though there are several methods 
that can be used at present, it is unclear which 
approach is more efficient. Therefore, the most 
suitable method needs to be considered if it fits the 
skills of the operator (Table 1 and Table 2). A novel 
method, single blastomere derived ES cells, opens a 
new era for ES cell establishment with less ethical 
problems. However, since this technique is new, there 
are many questions such as blastomeres fate, 
efficiency of each blastomeres from different 
embryonic stages to derive ES cells and a suitable 
culture system that need to be clarified. At present, 
there are several laboratories attempting to overcome 
these obstacles and developing techniques to derive 
ES cells that can reach maturity from single 
blastomeres (Green et al., 2009; Roberts et al., 2010). 
 
 

 
Figure 1 Diagram of ICM isolation method consideration 
 

 
 
 
Table 2 Comparison of each method for ES cells establishment from single blastomeres co-culture and non co-culture 

with ES supporting cells 
 
Method Mechanism Prominent point Weak point 
Co-culture  Single blastomere co-culturing 

with ES supporting cells for 
several days 

Increase chance success Unclear mechanism of ES 
supporting cells, 
Contamination risk from 
supporting cells, 
Unequal competence of each 
blastomere 

Non-co-culture Single blastomeres are 
cultured individually to 
blastocysts and outgrowths 

Xeno-contamination free Unequal competence of each 
blastomere 

 
 
 
 

Acknowledgement 
 
 This study was supported by The Royal 
Golden Jubilee Ph.D. Program of Thailand Research 
Fund and Suranaree University of Technology. The 
authors would like to thank Leslee Sinclair for critical 
review. 
 
 

References 
 
Allen, W.R. and Pashen, R.L. 1984. Production of 

monozygotic (identical) horse twins by embryo 
micromanipulation. J Reprod Fertil. 71: 607-613. 

Anderson, G.B., Choi, S.J. and BonDarant, R.H. 1994. 
Survival of porcine inner cell masses in culture 
and after injection into blastocysts. 
Theriogenology 42: 204-212. 

Baharvand, H., Ashtiani, S.K., Taee, A., Massumi, M., 



Lorthongpanich C. et al./ Thai J Vet Med. 2011. 41(1): 11-22.                                                                                  19 

 

Valojerdi, M.R., Yazdi, P.E., Moradi, S.Z. and 
Farrokhi, A. 2006. Generation of new human 
embryonic stem cell lines with diploid and 
triploid karyotypes. Dev Growth Differ. 48: 117-
128. 

Binetruy, B., Heasley, L., Bost, F., Caron, L. and 
Aouadi, M. 2007. Regulation of embryonic stem 
cell lineage commitment by mitogen activated 
protein kinases. Stem Cells 25: 1090-1095. 

Brevini, T.A.L., Cillo, F. and Gandolfi, F. 2005. 
Establishment and molecular characterization of 
pig parthenogenetic embryonic stem cells. 
Reprod Fert Dev. 17: 235. 

Chan, A.W.S, Dominko, T., Luetjens, C.M., Neuber, E., 
Martinovich, C., Hewitson, L., Simerly, C.R. and 
Schatten, G.P. 2000. Clonal propagation of 
primate offspring by embryo splitting. Science 
287: 317-319. 

Chen, L.R., Shiue, Y.L., Bertolini, L., Medrano, J.F., 
Bondarant, R.H. and Anderson, G.B. 1999. 
Establishment of pluripotent cell lines from 
porcine preimplantation embryos. 
Theriogenology 52: 195-212. 

Chung, J.T., Downey, B.R., Casper, R.F. and Chian, 
R.C. 2001. Effect of centrifugation on early 
embryonic development and parthenogenetic 
activation of bovine oocytes matured in vitro. 
Reprod Fertil Dev. 13: 383-388. 

Chung, Y., Klimanskayam, I., Becker, S., Marh, J., Lu, 
S.J., Johnson, J., Meisner, L. and Lanza, R. 2006. 
Embryonic and extraembryonic stem cell lines 
derived from single mouse blastomeres. Nature 
439: 216-219. 

Chung, Y., Klimanskaya, I., Becker, S., Li, T., Maserati, 
M., Lu, S.J., Zdravkovic, T., llic, D., Genbacev, 
O., Fisher, S., Krtolica, A. and Lanza, R. 2008. 
Human embryonic stem cell lines generated 
without embryo destruction. Cell Stem Cell 2: 
113-117. 

Cortes, J.L., Cobo, F., Catalina, P., Nieto, A., Cabrera, 
C., Montes, R., Barnie, A.H. and Concha, A. 
2006. Evaluation of the laser technique method 
to isolate the inncer cell mass of murine 
blastocysts. Biotechnol. Appl Biochem. 46: 205-
209. 

Cowan, C.A., Klimanskaya, I., McMahon, J., Atienza, 
J., Witmyer, J., Zucker, J.P., Wang, S., Morton, 
C.C., McMahon, A.P., Powers, D. and Melton, 
D.A. 2004. Derivation of embryonic stem-cell 
lines from human blastocysts. N Engl J Med. 
350: 1353-1356. 

Delhaise, F., Bralion, V., Schuurbiers, N. and Dessy, F. 
1996. Establishment of an embryonic stem cell 
line from 8-cell stage mouse embryos. Eur J 
Morphol. 34: 237-243. 

Eistetter, H.R. 1989. Pluripotent embryonal stem cells 
can be established from disaggregated mouse 
morulae. Dev Growth Differ. 31: 275-282. 

Ellerstrom, C., Strehl, R., Moya, K., Anderson, K., 
Bergh, C., Lundin, K., Hyllner, J. and Semb, H. 
2006. Derivation of a xeno free human 
embryonic stem cell line. Stem Cells 24: 2170-
2176. 

Evans, M.J. and Kaufman, M.H. 1981. Establishment 
in culture of pluripotential cells from mouse 

embryos. Nature 292: 154-156. 
Evans, M.J., Notarianni, E., Laurie, S. and Moor, R.M. 

1990. Derivation and prelimination 
characterization of pluripotent cell-lines from 
porcine and bovine blastocysts. Theriogenology 
33: 125-128. 

Foreman, J.C, Mongar, J.L. and Gomperts, B.D. 1973. 
Calcium ionophores and movement of calcium 
ions following the physiological stimulus to a 
secretory process. Nature 245: 249-251 

Freedman, M.H., Raff, M.C. and Gomperts, B.D. 1975. 
Induction of increased calcium uptake in mouse 
T lymphocytes by concanavalin A and its 
modulation by cyclic nucleotides. Nature 255: 
378-382. 

Fujimori, T., Kurotaki, Y., Miyazaki, J. and 
Nabeshima, Y. 2003. Analysis of cell lineage in 
two- and four-cell mouse embryos. 
Development 130: 5113-5122. 

Gardner, R.L. 1972. An investigation of inner cell mass 
and trophoblast tissues following their isolation 
from the mouse blastocyst. J Embryol Exp 
Morph. 28: 279-312. 

Gardner, R.L. 2001. Specification of embryonic axes 
begins before cleavage in normal mouse 
development. Development 128: 839-847. 

Gerfen, R.W. and Wheeler, M.B. 1995. Isolation of 
embryonic cell-lines from porcine blastocysts. 
Anim Biotech. 6: 1-14. 

Grabiec, A., Max, A. and Tischner, M. 2007. 
Parthenogenetic activation of domestic cat 
oocytes using ethanol, calcium ionophore, 
cycloheximide and a magnetic field. 
Theriogenology 67: 795-800. 

Green, H., Barrow, P. and Goldberg, B. 1959. Effect of 
antibody and complement on permeability 
control in ascites tumour cells and erythrocytes. 
J Exp Med. 110: 699-713.  

Geens, M., Mateizel, I., Sermon, K., De Rycke, M., 
Spits, C., Cauffman, G., Devroey, P., Tournaye, 
H., Liebaers, I. and Van de Velde, H. 2009. 
Human embryonic stem cell lines derived from 
single blastomeres of two 4-cell stage embryos. 
Hum Reprod. 24: 2709-2717. 

Hagemann, L.J., Hillery-Weinhold, F.L., Leibfried 
Rutledge, M.L. and First, N.L. 1994. Activation 
of murine oocytes with Ca2+ ionophore and 
cychohexamide. Reprod Biol. 271: 57-61. 

Handyside, A.H. and Barton, S.C. 1977. Evaluation of 
the technique of immunosurgery for the 
isolation of inner cell masses from mouse 
blastocysts. J Embryol Exp Morph. 37: 217-226. 

Harlow, G.M. and Quinn, P. 1979. Isolation of inner 
cell masses from mouse blastocysts by 
immunosurgery or exposure to the calcium 
ionophore A23187. Aust J Biol Sci. 32: 483-491. 

Harlow, G.M. and Quinn, P. 1980. Properties of 
mouse inner cell masses by innunosurgery 
exposure to the calcium ionophore A13287 or 
low osmolarity. Aust J Biol Sci. 33: 689-697. 

Heyman, Y., Vignon, X., Chesne, P., Le Bourhis, D., 
Marchal, J. and Renard, J.P. 1998. Cloning in 
cattle: from embryo splitting to somatic nuclear 
transfer. Reprod Nutr Dev. 38: 595-603. 

Heindryckx, B., De Sutter, P., Gerris, J., Dhont, M. and 



20                                                                                   Lorthongpanich C. et al. / Thai J Vet Med. 2011. 41(1): 11-22. 

 

Van der Elst, J. 2007. Embryo development after 
succesful somatic cell nuclear transfer to in vitro 
matured human germinal vesicle oocytes. Hum 
Reprod. 22: 1982-1990. 

Heins, N., Englund, M.C.O., Sjoblom, C., Dahl, U., 
Tonning, A., Bergh, C., Lindahl, A., Hanson, C. 
and Semb, H. 2004. Derivation, characterization, 
and differentiation of human embryonic stem 
cells. Stem Cells 22: 367-376. 

Heins, N., Lindahl, A., Karlsson, U., Rehnstrom, M., 
Caisander, G., Emanuelsson, K., Hanson, C., 
Semb, H., Bjorquist, P., Sartipy, P. and Hyllner, 
J. 2006. Clonal derivation and characterization of 
human embryonic stem cell lines. J Biotech. 122: 
511-520. 

Henneberry, C, Fishman, P.H. and Freese, E. 1975. 
Morphological changes in cultured mammalian 
cells: Prevention by the calcium ionophore 
A23187. Cell 5: 1-9. 

Hesketh, T.R., Smith, G.A., Houslay, M.D., Warren, 
G.B. and Metcalfe, J.C. 1977. Is an early calcium 
flux necessary to stimulate lymphocytes? Nature 
267: 490-494. 

Hochereau-de-Reviers, M.T. and Perreau, C. 1993. In 
vitro culture of embryonic disc cells from 
procine blastocysts. Reprod Nutr Dev. 33: 475-
483.  

Jacobson, M. 1976. Premature specification of the 
retina in embryonic Xenopus eyes treated with 
ionophore X537A. Science 191: 288-289. 

Johnson, W.H., Loskutoff, N.M., Plante, Y. and 
Betteridge, K.L. 1995. Production of four 
identical calves by the separation of blastomeres 
from an in vitro derived four-cell embryo. Vet 
Rec. 137: 15-16. 

Kim, H.S., Oh, S.K., Park, Y.B., Ahn, H.J., Sung, K.C., 
Kang, M.J., Lee, L.A., Suh, C.S., Kim, S.H., Kim, 
D.W. and Moon, S.Y. 2005. Methods for 
derivationpf human embryonic stem cells. Stem 
Cells 23: 1228-1233. 

Kim, H.S., Son, H.Y., Kim, S., Lee, G.S., Park, C.H., 
Kang, S.K., Lee, B.C., Hwang, W.S. and Lee, C.K. 
2007. Isolation and initial culture of porcine 
inner cell masses derived from in vitro produced 
blastocysts. Zygote 15: 55-63. 

Klimanskaya, I., Chung, Y., Becker, S., Lu, S. and 
Lanza, R. 2006. Human embryonic stem cell 
lines derived from single blastomeres. Nature 
444: 481-485. 

Li, M., Zhang, D., Hou, Y., Jiao, L., Zheng, Z. and 
Wang, W.H. 2003. Isolation and culture of 
embryonic stem cells from porcine blastocysts. 
Mol Reprod Dev. 65: 429-434. 

Li, M., Li, Y.H., Hou, Y., Sun, X.F., Sun, Q.Y. and 
Wang, W.H. 2004a. Isolation and culture of 
pluripotent cells from in vitro produced porcine 
embryos. Zygote 12: 43-48. 

Li, M., Ma, W., Hou, Y., Sun, X.F., Sun, Q.Y. and 
Wang, W.H. 2004b. Improved isolation and 
culture of embryonic stem cells from Chinese 
miniature pig. J Reprod Dev. 50: 237-244. 

Liu, L., Ju, J.C. and Yang, X. Z. 1998. Parthenogenetic 
development and protein patterns of newly 
matured bovine oocytes after chemical 
activation. Mol Reprod Dev. 49: 298-307. 

Lorthongpanich, C., Yang, S.H., Piotrowska-Nitsche, 
K., Parnpai, R., and Chan, A.W.S. 2008a. 
Development of single mouse blastomeres into 
blastocysts, outgrowths and the establishment 
of embryonic stem cells. Reproduction 135: 805-
813. 

Lorthongpanich, C., Yang, S.H., Piotrowska-Nitsche, 
K., Parnpai, R., and Chan, A.W.S. 2008b. 
Chemical enhancement in embryo development 
and stem cell derivation from single 
blastomeres. Cloning and Stem cells. 10: 503-512. 

Ludwig, T.E., Levenstein, M.E., Jones, J.M., Berggren, 
W.T., Mitchen, E.R., Frane, J.L., Crandall, L.J., 
Daigh, C.A., Conard, K.R., Marian, S.P., Llanas, 
R.A. and Thonson, J.A. 2006. Derivation of 
human embryonic stem cells in defined 
conditions. Nat Biotech. 24: 185-187. 

Maekawa, M., Yamamoto, T., Tanoue, T., Yuasa, Y., 
Chisaka, O. and Nishida, E. 2005. Requirement 
of the MAP kinase signaling pathways for 
mouse pre-implantation development. 
Development 132: 1773-1783. 

Martin, G.R. 1981. Isolation of a pluripotent cell line 
from early mouse embryos cultured in medium 
conditioned by teratocarcinoma stem cells. Proc 
Natl Acad Sci. USA. 78: 7634-7638.  

Mateizel, I., Temmerman, N.D., Ulmann, U., 
Cauffman, G., Sermon, K., Velde, H.V., De 
Rycke, M., Degreef, E., Devroey, P., Liebaers, I. 
and Van Steirteghem, A. 2006. Derivation of 
human embryonic stem cell lines from embryos 
obtained after IVF and after PGD for monogenic 
disorder. Hum Reprod. 21: 503: 511. 

Matsumoto, K., Miyake, M., Utsumi, K. and Iritani, A. 
1989. Production of identical twins by 
separating two-cell rat embryos. Gamete Res. 22: 
257-263. 

Milazzotto, M.P., Feitosa, W.B., Coutinho, A.R.S., 
Goissis, M.D., Oliveira, V.P., Assumpcao, 
M.E.O.A. and Visintin, J.A. 2008. Effect of 
cheminal or electrical activation of bovine 
oocytes on blastocyst development and quality. 
J Reprod Dom Anim. 43: 319-322. 

Mitalipov, M.M., Yeoman, R.R., Kuo, H.C and Wolf, 
D.P. 2002. Monozygotic twinning in rhesus 
monkeys by manipulation of in vitro derived 
embryos. Biol Reprod. 66: 1449-1455. 

Mitalipov, S., Kuo, H.C., Byrne, J., Clepper, L., 
Meisner, L., Johnson, J., Zeier, R. And Wolf, D. 
2006. Isolation and characterization of novel 
rhesus monkey embryonic stem cell. Stem Cells 
24: 2177-2186. 

Miyoshi, K., Taguchi, Y., Sendai, Y., Hoshi, H. and 
Sato, E. 2000. Establishment of a porcine cell line 
from in vitro produced blastocysts and transfer 
of the cells into enucleated oocytes. Biol Reprod. 
62: 1640-1646. 

Montag, M., Rink, K., Delacretaz, G. and van der Ven, 
H. 2000. Laser-induced immobilization and 
plasma membrane permeabilization in human 
spermatozoa. Hum Reprod. 15: 846-852. 

Moore, K. and Piedrahita, J.A. 1997. The effects of 
human leukemia inhibitory factor (HLIF) and 
culture medium on in vitro differentiation of 
cultured porcine inner cell mass (PICM). In vitro 



Lorthongpanich C. et al./ Thai J Vet Med. 2011. 41(1): 11-22.                                                                                  21 

 

Cell Dev Biol Anim. 33: 62-71. 
Narita, J.O., Yamasaki, J., Iwatani, C., Tsuchiya, H., 

Wakamoto, K., Kondo, Y., Wakayama, T. and 
Torii, R. 2008. A cynologus monkey embryonic 
stem cell line derived from a single blastomere. 
Reprod Fert Dev. 20: 224-225. 

Obruca, A., Strohmer, H., Sakkas, D., Menezo, Y., 
Kogosowski, A., Barak, Y. and Feichtinger, W. 
1994. Use of lasers in assisted fertilization and 
hatching. Hum Reprod. 9:1723-1726. 

Ock, S.A., Mohana Kumar, B., Jin, H.K., Sji, L.Y., Lee, 
S.L.,Choe, S.Y. and Rho, G.J. 2005. Establishment 
of porcine embryonic stem cell line derived from 
in vivo blastocysts. Reprod Fertil Dev. 17: 238. 

Ogawa, K., Matsui, H., Ohtsuka, S. and Niwa, H. 
2004. A novel mechanism for regulating clonal 
propagation of mouse ES cells. Genes Cells. 9: 
471-477. 

Ozil, J.P. 1983. Production of identical twins by 
bisection of blastocysts in the cow. J Reprod 
Fertil. 69: 463-468. 

Papaioannou, V.E., Mkandawire, J. and Biggers, J.D. 
1989. Development and phenotypic variability 
of genetically identical half mouse embryos. 
Development 106: 817-827. 

Piedrahita, J.A., Anderson, G.B. and Bondarant, R.H. 
1990. On the isolation of embryonic stem cells 
comparative befavior of murine, procine and 
ovine embryos. Theriogenelogy 34: 879-901. 

Pilz, I., Puchwein, G., Kratky, O., Herbst, M., Haager, 
O., Gall, W. E. and Edelman, G. M. 1970. Small 
angle X-Ray scattering of a homogeneous γG1 
immunoglobulin. Biochemistry 9: 211-219. 

Piotrowska, K., Wianny, F., Pedersen, R. A. & 
Zernicka-Goetz, M. 2001. Blastomeres arising 
from the first cleavage division have 
distinguishable fates in normal mouse 
development. Development 128: 3739-3748. 

Piotrowska-Nitsche, K. and Zernicka-Goetz, M. 2005. 
Spatial arrangement of individual 4-cell stage 
blastomeres and the order in which they are 
generated correlate with blastocyst pattern in 
the mouse embryo. Mech Dev. 122: 487-500. 

Piotrowska-Nitsche, K. Gomez, A.P., Haraguchi, S. 
and Goetz, M.Z. 2005. Four-cell stage mouse 
blastomeres have different developmental 
properties. Development 132: 479-490. 

Reed, P. W. and Lardy, H. A. 1972. A23187, a divalent 
cation ionophore. J Biol Chem. 247: 6970-6977. 

Reubinoff, B.E., Pera, M.F., Fong, C.Y., Trounson, A. 
And Bongso, A. 2000. Embryonic stem cell lines 
from human blastocysts: Somatic differentiation 
in vitro. Nat Biotech. 18: 399-404. 

Rienzi, L., Greco, E., Ubaldi, F., Iacobelli, M., 
Martinez, F. and Tesarik, J. 2001. Laser assisted 
intracytoplasmic sperm injection. Fertil Steril. 
76: 1045-1047. 

Roberts, R.M., Katayama, M., Magnuson, S.R., 
Falduto, M.T. and Terres, K.E.O. 2010. 
Transcript profiling of individual twin 
blastomeres derived by splitting two-cell stage 
murine embryos. Biol. Reprod. In press. 

Rose, B. and Lowenstein, W.R. 1975. Permeability of 
cell junction depends on local cytoplasmic 
calcium activity. Nature 254: 250-252. 

Rossant, J. 1975. Investigation of the determinative 
state of the mouse inner cell mass. J Embryol 
Exp Morph. 33: 991-1001. 

Rossant, J. 1976. Postimplantation development of 
blastomeres isolated from 4- and 8-cell mouse 
eggs. J Embryol Exp Morphol. 36: 283-290. 

Saikhun, J., Kitiyanant, N., Songtaveesin, C., 
Pavasuthipaisut, K. and Kitiyanant, Y. 2004. 
Development of swam buffalo (Bubalus bubalis) 
embryos after parthenogenetic activation and 
nuclear transfer using serum fed or starved fetal 
fibroblasts. Reprod Nutr Dev. 44: 65-78. 

Schramm, R.D. and Paprocki, A.M. 2004. In vitro 
development and cell allocation following 
aggregation of split embryos with tetraploid or 
developmentally asynchronous blastomeres in 
rhesus monkeys. Cloning Stem Cells 6: 302-314. 

Sedmikova, M., Burdova, J., Petr, J., Etrych, M., 
Rozinek, J. and Jilek, F. 2003. Induction and 
activation of meiosis and subsequent 
parthenogenesis development of growing pig 
oocytes using calcium ionophore A23187. 
Theriogenology 60: 1609-1620. 

Shiue, Y.L., Liou, J.F., Shiau, J.W., Yang, J.R., Chen, 
Y.H., Tailiu, J.J. and Chen, L.R. 2006. In vitro 
culture period but not the passage number 
influences the capacity of chimera production of 
inner cell mass and its deriving cells from 
porcine embryos. Anim Reprod Sci. 93: 134-143. 

Simson, J.L. 2006. Blastomeres and stem cells. Nature 
444: 432-434. 

Solter, D. and Knowles, B.B. 1975. Immunosurgery of 
mouse blastocyst. Proc Nat Acad Sci. USA. 72: 
5099-5122. 

Strom, S., Inzunza, J., Grinnemo, K.H., Holmberg, K., 
Matilainen, E., Stromberg, A.M., Blennow, E. 
And Hovatta, O. 2007. Mechanical isolation of 
the inner cell mass is effective in derivation of 
new human embryonic stem cell lines. Hum 
Reprod. 22: 3051-3058. 

Suemori, H., Tada, T., Torii, R., Hosoi, Y., Kobayashi, 
K., Imahie, H., Kondo, Y., Iritani, A. and 
Nakatsuji, N. 2001. Establishment of embryonic 
stem cell lines from cynomolgus monkey 
blastocysts produced by IVF or ICSI. Dev Dyn. 
222: 273–279. 

Surani, A.H., Torchiana, D. and Barton, S. 1978. 
Isolation and development of the inner cell mass 
after exposure of mouse embryos to calcium 
ioophore A23187. J Embryol Exp Morph. 45: 
237-247. 

Tanaka, N., Takeuchi, T., Neri, Q.V., Sills, E.R. and 
Palermo, D.G. 2006. Laser assisted blastocyst 
dissection and subsequent cultivation of 
embryonic stem cells in a serum/cell free 
culture system: applications and preliminary 
results in a murine model. J Transl Med. 4: 20 
doi:10.1186/1479-5876-4-20. 

Tarkowski, A.K. 1959. Experimental studies on 
regulation in the development of isolated 
blastomeres of mouse eggs. Ada Theriologica 3: 
191-267. 

Tarkowski, A.K. and Wroblewska, J. 1967. 
Development of blastomeres of mouse eggs 
isolated at the 4- and 8-cell stage. J Embryol Exp 



22                                                                                   Lorthongpanich C. et al. / Thai J Vet Med. 2011. 41(1): 11-22. 

 

Morphol. 18: 155-180. 
Teramura, T., Takehara, T., Kishi, N., Mihara, T., 

Kawata, N., Takeuchi, H., Takenoshita, M., 
Matsumoto, K., Saeki, K., Ititani, A., Sagawa, N. 
and Hosoi., Y. 2007.  A mouse and embryonic 
stem cell derived from a single embryo. Cloning 
and Stem cells 9: 485-494.  

Thomson, J.A., Kalishman, J., Golos, T.G., Durning, 
M., Harris, C.P., Becker, R.A. and Hearn, J.P. 
1995. Isolation of a primate embryonic stem cell 
line. Proc Nat Acad Sci. USA. 92: 7844-7848. 

Thomson, J.A., Eldor, J.I., Shapiro, S.S., Waknitz, 
M.A., Swiergiel, J.J., Marshall, V.S. and Jones, 
J.M. 1998. Embryonic stem cell lines derived 
from human blastocysts. Science 282: 1145-1147. 

Tsunoda, Y. and Mclaren, A. 1983. Effect of various 
procedures on the viability of mouse embryos 
containing half the normal number of 
blastomeres. J Reprod Fert. 69: 315-322. 

Turetsky, T., Aizenman, E., Gil, Y., Weinberg, N., 
Shufaro, Y., Revel, A., Laufer, N., Siman, A., 
Abeliovich, D. and Reubinoff, B.E. 2008. Laser-
assisted derivation of human embryonic stem 
cell lines from IVF embryos after 
preimplantation genetic diagnosis. Hum 
Reprod. 23: 46-53. 

Uranga, J., Pedersen, R.A. and Arechaga, J. 1996. 
Parthenogenetic activation of mouse oocytes 
using calcium ionophores and protein kinase C 
stimulators. Int J Dev Biol. 40: 515-519. 

Veiga, A., Sandalinas, M., Benkhalifa, M., Boada, M., 
Carrera, M., Santalo, J., Barri, P.N. and Menezo, 
Y. 1997. Laser blastocyst biopsy for 
preimplantation diagnosis in the human. Zygote 
5: 351-354. 

Vrana, K.E., Hipp, J.D., Goss, A.M., McCool, B.A., 
Riddle, D.R., Walker, S.J., Wettstein, P.J., Studer, 
L.P., Tabar, V., Cunniff, K., Chapman, K., Vilner, 
L., West, M.D., Grant, K.A. and Cibelli, J.B. 2003. 
Nonhuman promate parthenogenetic stem cells. 
Proc Nat Acad Sci. USA. 100: 11911-11916. 

Wakayama, S., Hikichi, T., Suetsugu, R., Sakaide, Y., 
Bui, H. T., Mizutani, E. and Wakayama, T. 2007. 
Efficient establishment of mouse embryonic 
stem cell lines from single blastomeres and polar 
bodies. Stem Cells 25: 986-993. 

Wang, W.H., Machaty, Z., Abeydeera, L.R., Prather, 
R.S. and Day, B.N. 1998. Parthenogenetic 
activation of pig oocytes with calcium 
ionophore and the block to sperm penetration 
after activation. Biol Reprod. 58: 1357-1366. 

Willadsen, S.M. 1979. A method for culture of 
micromanipulated sheep embryos and its use to 
produce monozygotic twins. Nature 277: 298-
300. 

Willadsen, S.M., Lehn-Jensen, H., Fehilly, C.B. and 
Newcomb, R. 1981. The production of 
monozygotic twins of preselected parentage by 
micromanipulation of non-surgically collected 
cow embryos. Theriogenology 15: 23-29. 

Xu, J. and Yang, X.Z. 2001. Telomerase activity in 
early bovine embryos derived from 
parthenogenetic activation and nuclear transfer. 
Biol Reprod. 64: 770-774. 

Yu, X.F., Jin, G.Z., Yin, X.J., Cho, S.J. and Joen, J.T. 
2008. Isolation and characterization of 
embryonic stem like cells derived from in vivo 
produced cat blastocysts. Mol Reprod Dev. 75: 
1426-1432.  



23 

 

 


