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Summary 
 
Embryonic stem cells (ES cells) are derived from the inner cell mass of an early stage 
blastocyst embryo. These cells are totipotent and exhibit inherent plasticity to differentiate 
into any of the three germ layers: ectoderm, endoderm and mesoderm. ES cells also have 
unlimited potential for self-renewal. These properties make it possible for the ES cells to be 
used in regenerative medicine and treatment of diseases such as diabetes, Parkinson’s 
disease, Alzheimer’s disease and a host of other ailments. However, using ES cells to treat 
diseases have been plagued with ethical questions, since the derivation of ES cells requires 
destruction of embryos.  
 
More recently, an alternate approach to the derivation of pluripotent stem cells without the 
obligate destruction of embryos using somatic cells has been described by different 
researchers. In previous studies, researchers have demonstrated that terminally differentiated 
adult human facial skin cells may be reprogrammed to generate cells that are pluripotent in 
nature. These cells are named induced pluripotent stem cells (iPSCs). This study has opened 
a new avenue of generating patient specific pluripotent stem cells from somatic cells, which 
will bypass some of the ethical issues that are related to the use of ES cells for treating 
various diseases.  
 
My degree project work was aimed at examining the characterization of human and mouse 
iPSCs derived from amniocytes in either first trimester or day 13.5 amniotic fluid. This study 
included the derivation of mouse or human AiPSCs by introducing four genes Oct4, Sox2, 
cMyc and Klf4 in human amniocytes. 
  
My data suggest that mouse and human amniocytes-derived iPSCs are similar to embryonic 
stem cells in morphology, expression of surface antigens and differentiation potential.   
Results of gene expression analysis further indicate shared expression of stem cell 
transcription factors by both iPSC cells and ESCs. Collectively, these results are consistent 
with previously reported studies suggesting that iPSCs are similar in nature to ESCs. 
Ongoing studies in the laboratory are furthering characterizing the molecular identity of these 
amniocyte-derived iPSCs and comparing them to previously described ESCs using 
microarray analysis and bisulfite analysis for methylation profiles. 
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Abbreviations  
AiPSCs       Amniocytes derived induced pluripotent stem cells 
cDNA    Complementary DNA 
DMEM        Dulbecco’s modified eagle medium  
dNTP    Deoxyribonucleotide triphosphate 
EDTA      Ethylenediaminetetraacetic acid  
ESC             Embryonic stem cells 
FBS             Fetal bovin serum           
GFP             Green fluorescent protein 
HLA    Human leukocyte antigen  
iPSC    Induced pluripotent stem cells 
Kb    Kilobase 
LB    Luria Bertani medium 
ml     Milliliter 
mM    Millimolar 
MgCl2    Magnesium chloride 
mES    Mouse embryonic stem cells 
mAiPSC   Mouse amniocyte-derived induced pluripotent stem cells 
MEFs           Mouse embryonic fibroblasts 
NaCl    Sodium chloride 
RT-PCR            Reverse transcription polymerase chain reaction 
qRT-PCR    Quantitative real time polymerase chain reaction  
SSEA          Stage specific embryonic antigen 
TRA            Tumor related antigen 
α    Alpha 
xg    Times gravity 
µl    Microliter 
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Introduction 
  
Direct reprogramming of somatic cells to derive induced pluripotent stem cells (iPSCs) by 
defined factors was demonstrated by Yamanaka’s lab (Takahashi and Yamanaka, 2006). 
Their seminal paper showed that retrovirus mediated introduction of four transcription factor 
genes: Oct3/4, Sox2, c-Myc and Klf4 into mouse embryonic fibroblasts (MEFs) resulted into 
generation of induced pluripotent stem cells.  
  
iPSCs have an immense potential to be used in cell-based therapies and translational 
medicine, since they are not plagued by ethical and moral concerns related to the derivation 
of embryonic stem cells (ESCs). Moreover, presently there are no validated lines of patient-
specific embryonic stem cells. Since iPSCs potentially can be derived from a variety of 
somatic cell types, they share the patient’s human leukocyte antigen system (HLA) identity 
and provide a potential source of patient-specific stem cells for therapeutic applications, 
alleviating the concern for histocompatibility and tissue rejection. 
  
The current challenges in this field are to improve the efficiency of conversion of somatic 
cells to iPSCs and achieve pluripotency in iPSCs comparable to that of the embryonic stem 
cells. Today there are several strategies to derive induced pluripotent stem cells (iPSCs) using 
different combination of transcription factors involved in maintaining the pluripotent nature 
of the cells, as well as by using various methods for reprogramming and by implementing 
variety of somatic cell types as a starting cell population (Maherali and Hochedlinger, 2008).  
  
 
Selection of cell types 
Several factors determine the choice of starting cell population used to derive iPSCs: 1. The 
source of cells, their availability and ease of method for derivation, 2. The ease of 
reprogramming the cells, and 3. The age of the cell line, since older cells that have undergone 
several passages may harbor genetic aberrations. 
 
Initial reprogramming attempts used fibroblasts as the starting cell population since these 
cells were shown to be readily reprogrammable (Wakayama et al., 1998; Cowan et al., 2005) 
and their derivation was simple (Nagy et al., 2003; Park et al., 2008).   
 
Amniocytes are fetal cells shed during development from epithelial surfaces into the 
surrounding amniotic fluid. Amniocytes are isolated using medical procedure called as 
amniocentesis for prenatal diagnosis.  A subpopulation of these cells reportedly express Oct4 
and Rex1, genes associated with pluripotency (Black et al, 2006). Human amniocytes appear 
to be multipotent in nature, which is shown by their capability of in-vitro differentiation to 
ectodermal and mesodermal cell types, indicating their inherent plasticity. (Black et al, 2006).  
Amniocytes plated on cell culture dishes display fibroblast like morphologies. Moreover, 
these cells are compatible with ES cell culture conditions and can be used as feeder layer, 
which is generally a layer of MEFs cells on which the ES or the iPSC colonies grow. The 
feeder layer is needed to support iPSCs growth and prevent their differentiation. Therefore, 
by using amniocytes it is possible to establish iPSCs without the need to co-culture with 
MEFs thereby eliminating xenogenic (derived from an organism of a different species) 
products from culture system, in order to make iPSCs more suitable for clinical applications. 
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Transcription factors critical for inducing pluripotency 
Transcription is the process where RNA polymerase synthesizes RNA from a DNA template. 
Transcription factors control the gene expression by turning a gene on (activator) or off 
(repressor), depending on the type of transcription factor and the sequence it binds to.  
 
(Takahashi and Yamanaka, 2006) initially performed direct reprogramming in mouse 
fibroblasts using a combination of 24 candidate genes. From these 24 candidate genes, they 
ultimately narrowed down to 4 transcription factors genes: Oct3/4, Sox2, c-Myc and Klf4, 
which were successfully shown to mediate reprogramming using retroviral infection.  These 
same four factors were responsible for iPSCs generation in human fibroblast cells (Takahashi 
et al., 2007; Lowry et al., 2008 and Park et al., 2008). 
 
Oct3/4 (Pou5f1) 
POU domain class 5-transcription factor 1 is also called Oct3/4.  It is a homeodomain 
transcription factor and is encoded by homeobox DNA sequence found within genes. Oct3/4 
binds to the octamer sequence (ATTA/TGCAT) (Okamoto et al., 1990; Scholer et al., 1990). 
Expression of Oct3/4 is limited to blastomeres, which is an early developing embryo, germ 
cells and epiblast (tissue derived from inner cell mass). The Oct3/4 protein is critically 
involved in maintaining the undifferentiated state and self-renewal capacity of embryonic 
stem cells, since embryos lacking in expression of Oct3/4 fail to survive and the inner cell 
mass degenerates (Nichols et al., 1998).   
  
Sox2 
Sox2, also known as SRY (sex determining region Y)-box 2, is a transcription factor that 
plays a important role in conjunction with Oct3/4 to maintain self-renewal capacity of 
undifferentiated embryonic stem cells. It was identified as a protein expressed in EC cells. 
This gene encodes SRY-related HMG (high mobility group)-box family of transcription 
factor.  Similar to the Oct3/4 gene, Sox2 expression is seen in pluripotent stem cells, early 
embryo, germ cells and epiblast (Yuan et al., 1995). However, the Sox2 gene is also 
expressed in multipotent cells (Avilion et al., 2003).  Sox2 plays a critical role in the 
regulation of embryonic development and in the determination of cell fate and like Oct3/4, 
Sox2 is required for the maintenance of pluripotency since ES cells cannot be derived from 
Sox2 null embryos. 
  
c-Myc 
c-Myc is a protooncogene that is over-expressed  in human cancers (Dalla-Favera et al., 
1982). c-Myc belongs to the Myc family of transcription factor genes, which also includes N-
Myc and L-Myc genes. Myc-family transcription factors contain the bHLHLZ (basic Helix-
Loop-Helix Leucine Zipper) domain. The N terminus of Myc binds to histone 
acetyltranferase complex and the C terminus end of this transcription factor binds to the 
enhancer box sequence (CANNTG) (Dalla-Favera et al., 1982). c-Myc null embryos die 
between embryonic days 9 and 10 showing an abnormal phenotype, which suggests that c-
Myc gene expression is required in growth and proliferation of organs (Davis et al., 1993).  
 
It was suggested that c-Myc plays an important role in ES cell proliferation and de-
differentiation by modifying chromatin structure (Knoepfler et al., 2006). However it is still 
unclear as to what role c-Myc plays during reprogramming, and different models have been 
suggested to explain its role.  
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Klf4 
The Krüppel-like family of transcription factors (Klfs) are named for their homology to the 
Drosophila melanogaster Krüppel protein (Schuh et al., 1986). All Klf family members 
contain zinc finger domains located at the C-terminus. Klf4 can function as tumor suppressor 
and as an oncogene depending on the promoter context and its cooperation with other 
transcription factors (Rowland et al., 2005).  
 
Loss of Klf4 gene expression in an embryo does not result in its destruction, nor does its 
reduction in ES cells result in loss of self-renewal and differentiation. However, two other 
Klf factors, Klf2 and Klf5, are coexpressed with Klf4, and simultaneous reduction of all three 
factors resulted in differentiation of ES cells (Jiang et al., 2008). Recent studies show that 
Klf4 cooperates with Oct3/4 and Sox2 resulting in the activation of the Lefty1 gene in mouse 
ES cells (Nakatake et al., 2006), suggesting that Klf4 may play a role in maintaining an 
undifferentiated state in the ES cells.   
  
 
Identification and characterization of derived iPSCs 
One of the most critical steps involved in iPSCs derivation is to distinguish the cells that have 
acquired iPSC identity to establish their stem cell characteristics. iPSC colonies are identified 
based on morphology of the colonies. Additionally, iPSC colonies may be identified using 
live staining for ES cell-specific surface antigen markers such as 1. Stage specific embryonic 
antigen (SSEA-1) expressed in mouse iPSC colonies (Stadtfeld et al., 2008) and 2. Stage 
specific embryonic antigen (SSEA-4), tumor related antigen (TRA-1-81) and (TRA-1-60) 
markers for human iPSCs colonies.  
 
To assay iPSCs for demonstration of their stem cell identity, the following criteria need to be 
fulfilled: Morphologically, the iPSCs must be indistinguishable from ES cells, and they 
should have unlimited self-renewal capacity. At the molecular level iPSCs should display 
gene expression profiles indistinguishable from ES cells and express ES cell specific surface 
antigen markers such as SSEA-1 for mice and SSEA-4, TRA-1-81 and TRA-1-60 for 
humans. On a functional level, iPSCs should demonstrate the ability to differentiate into three 
germ layers: ectoderm, mesoderm and endoderm. 
 
 
Aim 
 
The aim of this study was to characterize and evaluate the pluripotent behavior of induced 
pluripotent stem cells derived from mouse and human amniocytes (AiPSC) relative to 
previously established mouse and human embryonic stem cell (ESC) lines. 
The following specific aims were addressed to characterize mouse and human AiPSCs 
molecularly and functionally 1: Characterize the expression of ESC surface antigens on 
putative mouse and human iPSCs using immunocytochemistry. 2: Determine the expression 
of embryonic stem cell (ESC) transcription factors by PCR analysis, 3: Test the ability of 
mouse and human AiPSCs to differentiate into three germ layers: ectoderm, endoderm and 
mesoderm.  
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Results  
 
Derivation of retroviral vectors 
Four genes: Oct3/4, Sox2, c-Myc and Klf4 were used to induce pluripotency in human 
amniocytes, using retroviral infection. Upon transfection of 293T cells (Human Embryonic 
Kidney 293 cells) with one of the four genes encoding transcription factors Oct4, Sox2, c-
Myc and Klf4 together with the viral packing genes, retroviruses carrying these genes were 
produced.  
 
Fig. 1A shows the phase contrast image of 293T cells at 70% confluency. In addition to the 
above-mentioned genes, I transfected a gene encoding GFP (green fluorescent protein) 
together with viral packing genes, as a control for checking the transfection efficiency and 
virus production in 293T cells. The retrovirus expressing GFP gene then was used to assess 
the infection efficiency in amniocytes.  Fig. 1B shows GFP expression two days after 
transfecting GFP encoding gene in 293T cells.  
 

 
 
Figure 1. Transfection of GFP-encoding gene in 293T  
A. Phase contrast image of 293T cells, B. Cell count of 293T cells expressing GFP was performed under UV 
microscope to check the virus production efficiency.  Image A and B are taken at 10x magnification. 
 
Fig. 2A shows phase contrast image of human amniocytes seeded on a 6 well plate. Fig. 2B 
shows the GFP expression in human amniocytes 4 days after infection with the retrovirus 
expressing GFP gene. The observed infection rate was 60-80%. Thus GFP expression in 
amniocytes showed that the retroviral infection was successful and the genes were inserted 
and getting expressed in amniocytes. 
 

 
 
Figure 2. Infection of GFP gene containing retrovirus in amniocytes  
A. Phase contrast image of human amniocytes, B. Cell count of human amniocytes expressing GFP was 
performed under UV microscope to check the virus infection efficiency. Image A and B are taken at 10x 
magnification. 
 
 

A 

A B 

B 
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Derivation of amniocytes-derived human induced pluripotent stem cells 
The time line for iPS cell generation is shown in Fig. 3. Five days after the first retroviral 
infection in amniocytes, small ES like colonies were observed. The following day, the 
amniocyte medium was replaced with human ES medium. Based on the morphology of 
putative amniocyte-derived induced pluripotent stem cell (AiPSC) colonies, which resembled 
the human ES colonies, these colonies were picked two weeks later by Dr. Gerami and 
seeded on mitotically inactivated mouse embryonic fibroblasts (MEFs) feeder layer and 
maintained in human ES medium.  I then monitored the development and differentiation of 
these colonies. 

 
Figure 3. 
Time-line for iPSC generation 
 
Fig. 4A shows the phase contrast image of uninfected amniocytes cultured on a six well plate 
coated with 0.2% gelatin. Amniocytes were elongated and showed fibroblast-like 
morphology. Fig. 4B shows an AiPSC colony on day 12. This early colony resembled 
aggregates of cells forming a colony with rough edges. The cytoplasm to nucleus ratio was 
reduced in these iPSC-like colonies. As time passed, the colonies became more compact. Fig. 
4C shows the human AiPSC colonies (Day 29) co-cultured on mitotically inactivated MEFs 
feeder cells. The AiPSC colony exhibited a smooth, circular and distinct edge. Individual 
cells in AiPSC colonies could not be easily distinguished and the colony formed a compact 
structure.  
 

 
Figure 4.  
Progression of AiPSC colony formation from amniocytes 
A. Human amniocytes cultured in a six well plate were infected with four retroviruses each containing Oct4, 
Sox2, c-Myc and Klf4 genes, B. Day 12 human AiPSC colony co-cultured on human amniocytes, C. Day 29 
human AiPSC colony co-cultured on mitotically inactivated MEFs.  Image A and C were taken at 10x 
magnification. Image B was taken at 20x  
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Figure 5.  
Comparison of colony morphology for human ES and AiPSC colony 
The above figure shows a phase contrast image of human ES and AiPSC colony co-cultured on mitotically 
inactivated MEFs in a six well plate. Image taken at 10x magnification.  
 
The results in fig. 5 showed that the AiPSCs were morphologically indistinguishable from 
human ES colonies.  
 
 
Characterization of human and mouse AiPSCs 
The stem cell identity of human AiPSC clones, which I derived by repeating experiments 
performed by Dr. Anchan, was verified using Reverse transcription polymerase chain 
reaction (RT-PCR) analysis by checking for expression of ES cell marker genes: Oct4, Sox2, 
Nanog and DNMT3b (DNA (cytosine-5-)-methyltransferase 3 beta). The expression of these 
genes in AiPSCs was compared to the expression in the H1 hES cell line, also known as 
WOA1.   
  
 
RT-PCR on human AiPSC cells (Fig. 6) showed that these cells expressed ES marker genes 
such as Oct4, Sox2, Nanog and Dnmt3b. Amniocytes showed low expression of Nanog but 
did not express Oct4, Sox2 or Dnmt3b. Actin was used as a control and its expression was 
seen in all cell types.  Primers were specially designed against the 3’ un-translated region of 
the endogenous transcript in order to detect the endogenous expression of Oct3/4 and Sox2 
and not the exogenous viral transcripts of Oct3/4 and Sox2.    
 
 
 
 
 
 
 
 
 
 
 
 
 

hAiPSc hESc 
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Figure 6.  Reverse transcription polymerase chain reaction analysis of expression of key ES cell marker 
genes in human AiPSC  
Six primers were used for RT-PCR: Oct3/4 (144 bp), Sox2 (151 bp), Nanog (154 bp), Gdf3 (631 bp), Dnmt3b 
(242 bp) and Actin (174 bp) for human (Fig. 6). Gdf3 primers did not yield any results. Actin was used as a 
control.  Lane 1 shows expression of Oct4, Sox2 Nanog, Gdf3, Dnmt3b and Actin in hES cells. Similarly lane 2, 
3 and 4 show expression of these six genes in AiPSC, amniocytes and embryoid bodies respectively. The RT-
PCR analysis was performed using 1.5% agarose gel. 
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Figure 7.  
Reverse transcription polymerase chain reaction analysis of expression of key ES cell marker genes in 
mouse AiPSC 
Following primers were used for RT-PCR: Oct3/4 (485 bp), Sox2 (193 bp), Nanog (364 bp), and Gdf3 (570 bp) 
for mouse (Fig. 7). Lane 1 shows expression of Oct4, Sox2 Nanog and Gdf3 in mES cells. Similarly lane 2, 3, 4 
and 5 shows expression of these six genes in AiPSC derived using four factors, AiPSC derived using two 
factors, amniocytes and MEFs respectively. The RT-PCR analysis was performed using 1.5% agarose gel. 
 
To characterize mouse AiPSC clones derived by Dr. Anchan, I performed RT-PCR analysis 
to test the expression of ES cell markers such as Oct3/4, Sox2, Nanog and Gdf3 (growth 
differentiation factor 3). The four-factor (AiPSCs derived by introducing four genes: Oct4, 
Sox2, c-Myc and Klf4) and two-factor (AiPSCs derived by introducing two genes: c-Myc and 
Klf4) AiPSCs expressed undifferentiated ES cell marker genes: Oct4, Sox2, Nanog and Gdf3 
(Fig. 7). Amniocytes expressed Sox2 and Nanog. However they did not express Oct3/4, 
which is regarded as a hallmark of ES cells. Amniocytes did not express Gdf3 either. There 
was no expression of Oct3/4, Sox2, Nanog and Gdf3 in the mouse embryonic fibroblasts 
(MEFs).  
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Figure 8.  
Reverse transcription polymerase chain reaction analysis of expression of house keeping genes in mouse 
AiPSC 
Primers used for RT-PCR were Gapdh (246 bp), Actin (236 bp) and Tubulin (239 bp) (Fig. 8). Lane 1 shows 
expression of Gapdh, Actin and Tubulin in mES cells. Similarly lane 2, 3, 4 and 5 shows expression of these 
three genes in AiPSC derived using four factors, AiPSC derived using two factors, amniocytes and MEFs 
respectively. The RT-PCR analysis was performed using 1.5% agarose gel. 
 
House keeping genes such as Gapdh, Actin and Tubulin was used as a control and their 
expression was assessed in mES, mAiPSC, MEFs and mAmniocytes. Table 1 shows key 
pluripotency genes used to perform the RT-PCT analysis and their corresponding product 
size. The expression of key pluripotency genes suggested that both human and mouse 
amniocytes were successfully reprogrammed by infection of four transcription factor genes: 
Oct4, Sox2, c-Myc, and Klf4.   
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Table 1. RT-PCR amplicon size 
 

              Gene      PCR product size (bp) 
 

 Human Oct4      144 
 Human Sox2      151 
 Human Nanog      154 
 Human Gdf3      631 
 Human Dnmt3b     242 
 Human Actin      174 
 Mouse Oct4      485 
 Mouse Sox2      193 
 Mouse Nanog      364 
 Mouse Gdf3      570 

Mouse Actin      236 
Mouse Gapdh      240 
Mouse Tubulin     239 

 
 
 
Immunoflourescence using ES cell markers 
 

 
Figure 9.  
Immunostaining of human AiPSCs using ES cell surface markers  
Human AiPSC colonies were immunostained with antibodies against A. SSEA 4, B. TRA-1-60 and C. TRA-1-
81. Immunostained colonies were observed under microscope with green excitation fluorescent filter in place. 
Panels D, E and F show the corresponding phase contrast image of the respective human AiPSC colonies. All 
the above images are at 10x magnification.  
 
Immunostaining for human AiPSCs is shown in (Fig. 9A-C). The AiPSC colonies were 
positive for surface antigen such as SSEA4 (Stage specific embryonic marker; Kannagi et al., 
1983), TRA-1-60 and TRA-1-81 (Tumor related antigen; Anver et al., 1984). Expression of 
ES cell specific surface markers demonstrated the existence of pluripotent state in the AiPSC 



 14 

colonies. Moreover, live immunostaining enabled selection and isolation of truly 
reprogrammed AiPSC colonies.  
 
Fig. 10A shows immunostaining of a mouse ES colony using OCT4 antibody. In order to 
identify the ES cell-like mouse AiPSC colonies, AiPSC colonies were stained with OCT4 
and SSEA1 antibodies (Fig. 10B and C).  

 
Figure 10.  
Immunostaining of mouse ESC and AiPSCs using ES cell markers  
Mouse ESC and AiPSC colonies were immunostained with antibodies against A. OCT4 in mESC, B. OCT4 in 
mAiPSC and C. SSEA1 in mAiPSC. Immunostained colonies were observed under microscope with green 
excitation fluorescent filter in place. Images A and B are taken at 10x magnification. Image C is taken at 20x 
magnification. 
 
 
Alkaline phosphatase staining of mouse AiPSCs 
Alkaline phosphatase is a stem cell membrane marker and elevated expression of this enzyme 
is associated with undifferentiated pluripotent stem cell and cells such as embryonic stem 
cells, embryonic germ cells and embryonal carcinoma cells, express alkaline phosphatase 
activity (Pera et al., 2000). Alkaline phosphatase staining was performed to detect alkaline 
phosphatase activity in mouse ES and AiPSCs. The mouse ES colonies and AiPSC colonies 
showed high levels of membrane alkaline phosphatase activity. Colonies of ES and AiPSCs 
were stained red (Fig 11. A and B). A closer look at the mouse AiPSC image revealed two 
adjacent colonies. Both the colonies showed morphology similar to ES cells. However only 
one colony was positive for alkaline phosphatase staining.  
 
Further, I performed alkaline phosphatase staining on MEFs as well as the amniocytes. 
Neither of these cell types showed alkaline phosphatase activity, demonstrating that the 
original cell population from which the AiPSCs were derived did not show the typical 
characteristics of ES cells (Fig 11. C and D). Detection of alkaline phosphatase activity in 
mouse AiPSCs combined with their ES cell like morphology suggested that they are truly 
reprogrammed AiPSC colonies. 
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Figure 11. Expression of Alkaline Phosphatase activity in ES and AiPSCs 
Alkaline phosphatase activity in A. mES, B. mAiPSCs, C. MEFs and D. mAmniocytes was assessed by fixing 
the cells in 4% Paraformaldehyde + 4% Sucrose and then staining them with alkaline phosphatase staining kit 
for one hour at room temperature. All the images are taken at 10x magnification. 
 
 
Quantitative RT-PCR analysis of mouse AiPSCs  
To further characterize mouse AiPSCs and compare the gene expression level in AiPSCs to 
mouse ES cells, a quantitative real time PCR analysis (qRT-PCR) was performed. RNA 
extracted from mouse ES cells was used as a control to check the pluripotency in AiPSCs. 
AiPSCs were further checked for their ability to differentiate into three germ layers- 
ectoderm, mesoderm and endoderm. Figure 12 shows a comparison between expression of 
four genes involved in maintenance of pluripotency and figure 13 shows three genes that 
reflect the differentiation potential of AiPSCs when compared to that of the ES cells.  
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Figure 12. Quantitative real time PCR analysis of the pluripotency markers in undifferentiated and 
differentiated cell types 
Expression of Oct4, Nanog, Sox2 and Gdf3 in mES, mAiPSC, amniocytes and cells from brain, heart and liver. 
Cells from brain, heart and liver represent differentiated cells.  Total RNA from these cells was extracted and 
analyzed using TaqMan Pluripotency array.  Expression levels of these pluripotency genes from different 
samples were compared to gene expression levels in mES cells to calculate the relative expression value. 
Absence of green bar indicates no expression.  
 
 
 The quantitative PCR data analysis indicated that the gene expression pattern in mouse 
AiPSCs was similar to that in mouse ES cells, and different from that in the amniocytes from 
which the AiPSCs were derived. It was observed that key pluripotency genes were up- 
regulated in AiPSCs, whereas the amniocytes did not express these genes.  However looking 
closely into the level of expression of different genes involved in the maintenance of the 
undifferentiated state in ES cells, marked differences could be noticed between the gene 
expression level of ES cells as compared to the AiPSCs (Fig 12). Oct4 expression in mouse 
AiPSCs was slightly lower than that observed in mouse ESCs. Expression of Nanog and 
Gdf3 was significantly lower in mouse AiPSCs as compared to the mouse ESCs, whereas 
Sox2 was up regulated in the mouse AiPSCs as compared to the mouse ESCs. 
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Fig 13. Quantitative real time PCR analysis for differentiation markers 
Expression of Foxa2 (endoderm), Neurod1 (ectoderm) and Pecam1 (mesoderm) in mES-R1, AiPSCs, 
amniocytes and cells of brain, heart and liver. Brain, heart and liver represent ectoderm, endoderm and 
mesoderm tissues. Total RNA from these cells was extracted and analyzed using TaqMan Pluripotency array. 
Expression levels of these genes from different samples were compared to gene expression levels in mES cells 
to calculate the relative expression value. Absence of green bar indicates no expression.  
 
 
mES cells allowed to differentiate in an in-vitro culture for four weeks expressed markers of 
all three germ layers, and high levels of  endoderm marker Foxa2 (Fig. 13). In case of the 
mAiPSCs, these cells demonstrated high expression levels of endoderm marker Foxa2 and 
also expressed lower levels of ectoderm marker Neurod1 (Fig. 13). Expression of the two 
differentiation markers in AiPSCs suggested that these cells had the potential to differentiate 
into at least two of the three germ layers.  
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Discussion 
Oct3/4, Sox2 and Nanog have been shown to function as core transcription factors in 
maintaining pluripotency (Boyer et al., 2005; Loh et al., 2006). Many studies have 
demonstrated the feasibility of deriving iPSCs from terminally differentiated cells such as 
mouse embryonic fibroblasts, human skin fibroblasts, adult mouse liver and stomach cells 
using combination of genes encoding transcription factors such as Oct3/4, Sox2, cMyc, Klf4, 
Lin28 and Nanog (Takahashi and Yamanaka, 2006; Yu et al., 2006). However the reported 
efficiency of this approach using the above-mentioned somatic cells is limited, since these 
cells possess nuclei that are almost completely refractory to reprogramming, which is 
demonstrated by the low efficiency in deriving iPSCs  (Yamanaka et al, 2007; Aoi et al., 
2008) with approximately only 1 out of 100,000 infected target cells generating an iPSC 
colony (Yamanaka et al, 2006; 2007). 
 
 
Efficient derivation of iPS cells from amniocytes 
Here, I demonstrated that pluripotency could be rapidly induced in human amniocytes. From 
the timeline data, I showed that iPS colonies were observed on approximately fifth day after 
infection with four transcription factor genes. Previous studies utilizing fibroblasts to derive 
iPS cells required several weeks for iPS generation using the same four factors (Maherali et 
al., 2008).  A recent study (Eminli et al., 2009) demonstrated that cells such as the 
hematopoietic stem cells and progenitor cells that have an epigenetic state similar to that of 
the ES cells can be reprogrammed into iPS cells at a much greater efficiency as compared to 
more differentiated cells such as fibroblasts. In accordance with the above study, my gene 
expression data from PCR suggested that amniocytes might represent a precursor like state, 
thus providing a genetic basis for efficient and rapid conversion to iPSCs.  
 
Evidence of pluripotency in mouse and human AiPSCs were substantiated by comparing 
colony morphology of AiPSCs to the ESCs. My PCR results demonstrated that both mouse 
and human AiPSCs shared key pluripotency gene expression profile with ESCs. The AiPSCs 
also expressed ES cell-surface markers such as SSEA1, SSEA4, TRA-1-81 and TRA-1-60. 
Furthermore, the in-vitro differentiation data confirmed that mouse AiPSCs could 
differentiate into at least two embryonic germ layers.  
 
 
Reprogramming does not fully recapitulate ESC state 
It has been demonstrated previously that iPSCs derived from human and mouse somatic cells 
are similar, but not identical to the ESCs (Chin et al., 2009). My qRT-PCR data for mouse 
indicated that expression levels in mouse AiPSCs were not identical to those in their embryo-
derived counterparts. The differences in the expression levels of key pluripotency genes 
suggested that reprogramming using these four transcription factors does not perfectly restore 
the ESC state. In fact, the observed difference was not surprising, since the exact mechanism 
of how iPS cells are derived has eluded researchers and much work is been carried out in 
understanding the role of transcription factors that are critical in reprogramming the target 
cells.  
 
To further verify my qRT-PCR, in depth analyse of the global gene expression profile using 
microarrays need to be performed for mouse and human AiPSCs, and a comparison with ESC 
expression profile would enable the analysis of pluripotency state in AiPSCs. 
 
The data described in this report compared only the gene expression level between ESCs and 
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AiPSCs at transcript and protein level.  In order to characterize the AiPSCs, it is also 
important to understand the consequences of the differences in the gene expression level in 
AiPSCs at physiological level, if the AiPSCs are to be used for therapeutic applications. To 
achieve this, the AiPSCs need to be assessed at the functional level by using teratoma assay 
(Teratoma is a type of tumor with tissue or organ components resembling normal derivatives 
of all three germ layers) to check their in-vivo differentiation capability into three germ 
layers.   
 
My findings demonstrated that human amniocytes could provide a very promising source for 
iPS cell derivation and eventually an ideal source for cell-based therapies later in the life of a 
fetus.  However, further characterization and in-depth analysis of the AiPSCs is required 
before these cells could be used for treating humans.  
 
 
Future directions 
 
Further in continuation of these studies, it would be interesting to repeat the mouse two-factor 
iPSC derivation experiment using human amniocytes, which Dr. Anchan performed by 
introducing c-Myc and Klf4. Moreover, I plan to substitute the above-mentioned factors with 
Oct3/4 and Sox2, since c-Myc is a proto-oncogene and omission of c-Myc will reduce the risk 
of developing tumors. (Melton et al., 2008; Scholer et al., 2008). 
 
There is much research being carried out on avoiding the use of viral systems for the delivery 
of factors essential for reprogramming due to the problem of permanent integration of viral 
genes into the genome of the reprogrammed cell. The result would be a reduced the risk of 
insertional mutagenesis caused by integrating retroviruses. This study, if successful in 
amniocytes, may hasten the clinical applications of these cells.  
 
Recent studies carried out on the delivery methods of the factors include adenovirus vector, 
since adenovirus are not incorporated into host genome (Stadtfeld et al., 2008). Another 
approach was the use of transient transfection that resulted in iPSCs without any plasmid 
integration (Okita et al., 2008). The latest development in this field was the generation of 
protein-induced pluripotent stem cells (piPSCs), which used recombinant cell penetrating 
proteins (Kim et al., 2009). All the above-described methods could potentially be used to 
derive iPSCs using amniocytes as starting cell population.   
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Materials and Methods 
  
Biological material  
 
Table 2. Plasmids 

 
 Plasmid name               Properties    Source 

 
Plasmid 17217   pMXs backbone: 4600  Addgene 
(pMXs-hOCT3/4)  Oct3/4 insert size: 1100    http://www.addgene.org 
   Ampicillin resistance  
 
Plasmid 17218  pMXs backbone: 4600   Addgene 
pMXs-hSOX2  Sox2 insert size: 960   http://www.addgene.org 
   Ampicillin resistance 
 
Plasmid 17219  pMXs backbone: 4600  Addgene 
pMXs-hKLF4  Klf4 insert size: 1420   http://www.addgene.org 
   Ampicillin resistance 
 
Plasmid 17220  pMXs backbone: 4600  Addgene 
pMXs-hc-MYC c-Myc insert size: 1320 http://www.addgene.org 
   Ampicillin resistance 
 
Plasmid 8454  pCMV backbone: 6363  Addgene 
pCMV-VSV-G VSV-G insert size:  NA http://www.addgene.org 
   Ampicillin resistance 
 
Plasmid 15799  pHCMV backbone: 4842  Addgene 
pHCMV-AmphoEnv  AmphoEnv insert size: 1962 http://www.addgene.org 
   Ampicillin resistance 

 
 
 
Plasmid Preparation 
The pMX plasmids (Moloney-based retroviral vectors) containing genes for four 
transcription factors for human (Oct4, Sox2, cMyc and Klf4) were obtained from Addgene 
(Yamanaka et al, 2006, Kitamura et al, 2003). Each pMX plasmid containing one gene 
encoding Oct4, Sox2, cMyc and Klf4 and two plasmids containing viral gene VSV-G and 
Amphotropic Murine leukemia virus envelope gene (Table 2) were transformed into E.coli 
DH5α strain (Invitrogen) using heat shock treatment following Invitrogen’s protocol. 1 µg of 
each plasmid was added to 150 µl of chemically competent E.coli DH5α cells. Heat shock 
treatment was given for 30 seconds at 42°C and the cells were immediately placed on ice and 
incubated for 5 minutes before plating on Luria Bertani (LB) agar plates (agar: 15 g, Bacto-
tryptone: 10 g, yeast extract: 5 g, NaCl: 10 g, ddH2O: 1000 ml, pH 7.5) with ampicillin (100 
µg/ml, Sigma). The plates were incubated overnight at 37°C. The plasmids mentioned in 
table 2 provided ampicillin resistance when transformed in the E-coli DH5α cells. The 
following day, transformed colonies were picked and added to 1 ml LB medium (Bacto-
tryptone: 10 g, yeast extract: 5 g, NaCl: 10 g, ddH2O: 1000 ml, pH 7.5) with ampicillin (100 
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µg/ml) in 15 ml Falcon tubes and incubated overnight on shaker at 37°C. The tubes were 
centrifuged at 2500 xg for 5 minutes and the cell pellets obtained were used for plasmid 
preparation using QIAprep Spin Miniprep kit (Qiagen) following the manufacturer’s 
instructions.    
  
 
Retrovirus production 
Human 293T cells obtained from the Weinberg lab, Massachusetts Institute of Technology, 
were used for retrovirus production. The cells were seeded on 6 well plates and incubated at 
37°C in 293T medium consisting of Dulbecco’s modified eagle medium (DMEM) 1x with 
glucose (4.5 g/L) from Cellgro, sodium pyruvate (1 mM) and L-glutamine (10 mM) 
purchased from Cellgro, 10% fetal bovine serum from Thermoscientific and 1% penicillin 
and 1% streptomycin from Gibco with 5 % CO2 until the cells were 70% confluent.  
 
To transfect 293T cells, 1 µg of plasmid DNA containing Oct4, Sox2, cMyc, Klf4 and GFP 
was mixed with 92 µl of DMEM, 6 µl of Fugene6 reagent (Roche, Germany), 0.1 µg of viral 
packaging plasmid VSV-G and 1 µg of a plasmid containing amphotropic gene which 
enables the virus to infect variety of cell lines (Table 2). Viral supernatants were collected 
after 36 hours by filtering through 0.45 µm cellulose acetate filter and kept at 4°C overnight. 
Fresh medium was added to the tissue culture plates containing 293T cells and incubated at 
37°C with 5 % CO2 for 24 hours. The collected supernatant was filtered and centrifuged at 
37000 xg for 90 minutes to concentrate the virus. The supernatant was aspirated and 6 ml of 
fresh amniocyte medium was added to resuspend each viral pellets. The virus was stored at 
4°C overnight. The GFP expressing plasmid was used as a positive control to detect virus 
production and infection efficiency. 
  
 
Retroviral infection in human amniocytes 
First trimester human amniocytes were obtained from pregnant women at Brigham and 
Women’s hospital. These amniocytes were seeded on 0.2% gelatin-coated 6 well plates in 
amniocyte medium containing Alpha MEM 1x from Invitrogen (Carlsbad), 15% FBS 
(Thermoscientific), 1% penicillin and 1% streptomycin (Gibco), 1% L-glutamine (Gibco) and 
allowed to grow until the confluency of cells was around 50-60%. To infect the amniocytes, 
supernatants containing four viruses, each carrying Oct4, Sox2, c-Myc and Klf4 genes were 
combined and added to the human amniocytes in presence of polybrene (8 mg/ml, Sigma). 
The amniocytes were incubated at 37°C with 5 % CO2 for 24 hours in virus-containing 
supernatant.  After 24 hours the viral medium was replaced with fresh amniocyte medium 
and the cells were incubated at 37°C with 5 % CO2 overnight. In second round of infection, 
concentrated virus was used. Viral pellets were resuspended in 6 ml amniocyte medium and 
added to previously infected amniocyte plates. The plates were incubated for 24 hours at 
37°C with 5 % CO2 before replacing the virus containing medium with fresh amniocyte 
medium. The amniocyte medium was changed daily. After infection, the amniocyte plates 
were screened daily for checking the presence of ES like colonies. Stem cell-like colonies 
(iPS) were picked mechanically using pipettes, based on the morphology of colonies, and 
plated onto mitotically inactivated mouse embryonic fibroblasts (MEFs). These ES like 
colonies (AiPSCs) were cultured in human ES medium containing DMEM F12 (Invitrogen) 
supplemented with 1% L-glutamine (Gibco), 1% non-essential amino acids (Gibco), 15% 
knockout serum (Invitrogen) and 4 ng ml-1 basic fibroblast growth factor (FGF2) (Invitrogen) 
(Yamanaka et al., 2007).  
  



 22 

RNA extraction 
Mouse and human AiPSCs were washed with phosphate buffered saline (8 g of NaCl, 0.2 g 
of KCl, 1.44 g of Na2HPO4, 0.24 g of KH2PO4, 1000 ml ddH2O and pH 7.4) to remove the 
medium, and the cells were trypsinized using 0.05 % Trypsin-EDTA (Gibco). The cells were 
spun down in a centrifuge at 500 xg to get cell pellets. The collected pellets were stored at  
-80°C until RNA extraction. RNeasy Protect Mini Kit (Qiagen) was used to extract total 
RNA from cell samples following the manufacturer’s protocol. Concentrations of RNA were 
determined using Nanodrop 2000 (Thermoscientific).   
   
 
Reverse Transcription PCR  
cDNA was prepared from total RNA using qScript cDNA SuperMix (Quanta Biosciences) 
using the manufacturer’s protocol. The cDNA obtained was added to TaqMan DNA 
polymerase kit (Qiagen) with primers according to the protocol given in table 3 in PCR tubes 
and placed in thermocycler (Biorad). The PCR program is mentioned in table 4. The primers 
used in this study are shown in table 5. 
 
Table 3. Contents of RT-PCR reaction mixture 

        
         Ingredients     Volume (µl) 

 
  10x PCR buffer          2.5 
  25 mM dNTP           0.5  
  5’ primer (forward) 10µM         1.0  
  3’ primer (reverse)  10µM         1.0 
  DNA template          0.5 
  Taq DNA polymerase (5units/µl)        0.3 
  ddH20                     19.2 
 
  Total                  25    

 
 
 
Table 4. RT-PCR program 

 
        Program  Denaturation  Annealing         Extension                       

 
     Initial preheating   94°C for 2 min 
     PCR cycles (40)    94°C for 15 sec         57°C for 30 sec      70°C for 30 sec 
     Final extension          70°C for 10 min 
     Hold temperature                  4°C  

 
*PCR was performed in thermocycler BioRad My-cycler system   
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Table 5. Primers for RT-PCR  
 

 
 

 
Mouse  
Oct3/4           CTGAGGGCCAGGCAGGAGC      CTGTAGGGAGGGCTTCGGGCA  

         ACGAG            CTT 
 
Mouse  
Sox2            GGTTACCTCTTCCTCCCACTC     TCACATGTGCGACAGGGGCAG 

        CAG 
 
Mouse 
Gdf3            GTTCCAACCTGTGCCTCGCG       AGCGAGGCATGGAGAGAGCGG  
                    TCTT             AGCAG 
 
Mouse  
Nanog         CAGGTGTTTGAGGGTAGCTC       GGTTCATCATGGTACAGTC 
 
Human 
Oct3/4           GACAGGGGGAGGGGAGGAGC   CTTCCCTCCAACCAGTTGCCCC 

         TAGG                AAAC   
 
Human 
Sox2            GGGAAATGGGAGGGGTGCAA     TTGCGTGAGTGTGGATGGGATT 
                     AAGAGG                                           GGTG 

         
 
Human  
DNMT3b    TGCTGCTCACAGGGCCCGATA    TCCTTTCGAGCTCAGTGCACCA 
                    CTTC                                                    CAAAAC 
 
Human  
Nanog         CAGCCCCGATTCTTCCACCAG     CGGAAGATTCCCAGTCGGGTTC 
                    TCCC                                                   ACC 
 

 
 
 
Quantitative Real-Time -PCR of mouse AiPSCs 
qRT-PCR was performed using TaqMan Stem Cell Pluripotency Array (Applied 
Biosystems). The array consisted of defined set of validated gene expression markers to 
characterize embryonic stem (ES) cell identity. Altogether 99 different transcripts were 
quantitated using this array. The relative expression value was calculated using 2ΔCt–ΔCt (Control) 

where ΔCt is the difference in threshold cycle (Threshold cycle reflects the cycle number at 
which the fluorescence generated in a qRT-PCR reaction crosses the threshold) between mES 
(control) and AiPSCs. The extracted RNA from mouse, human AiPSCs and control samples 
were checked for RNA quality using 2100 bioanalyzer, which is a microfluidics-based 
platform for sizing and quantification of RNA (Agilent). To perform the quality check I 

Gene                  Forward primer                                              Reverse primer 
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submitted the samples to the Biopolymer core facility at NRB, Harvard Medical School after 
which the samples were processed for qRT- PCR at the same research facility.  
 
 
Immunocytochemistry 
Human AiPSC colonies were immunostained with primary antibody without fixing the cells. 
AiPSCs were incubated with primary monoclonal antibodies against SSEA4, TRA-1-60 and 
TRA-1-81 (Table 6, Chemicon). The cells were washed twice with 1X rinse buffer provided 
with the ES cell characterization kit from Chemicon. The cells were permeabilized with 0.1% 
TritonX-100/PBS for 10 min at room temperature. After the permeabilization step the cells 
were washed again with 1X rinse buffer. Blocking solution containing 4% goat serum was 
applied for 30 minutes at room temperature. Primary antibodies were diluted in DMEM 
(1:10) to prepare a working stock, and the cells were incubated in the presence of primary 
antibody for one hour at room temperature. After one-hour incubation, primary antibody was 
replaced with secondary antibody and incubated overnight before taking the images. The 
secondary antibody used was cyanine 3 (Cy3)- conjugated goat anti-mouse IgG antibody 
(Table 6, Abcam).  
 
 
   Table 6. Antibodies 

 
       Antibody       Properties      Source  
 

 
    MS X anti-SSEA-1,            Mouse anti-SSEA1          Millipore 
    IgM, clone MC-480  monoclonal antibody  http://www.millipore.com  
    (Part No. 90230) 
 
   MS X anti-SSEA-4,             Human anti-SSEA4   Millipore 
   IgG, clone MC-813-70 monoclonal antibody  http://www.millipore.com 
   (Part No. 90231) 
   
   MS X anti-TRA-1-60,  Human anti-TRA-1-60  Millipore 
   IgM, clone TRA-1-60  monoclonal antibody   http://www.millipore.com 
   (Part No. 90232) 
 
   MS X anti-TRA-1-81,  Human anti-TRA-1-81  Millipore 
   IgM, clone TRA-1-81  monoclonal antibody  http://www.millipore.com 
   (Part No: 90233) 
   
   Anti-OCT-4 [POU5F1],      Mouse anti-OCT-4   Millipore 
   IgG, clone 7F9.2  monoclonal antibody  http://www.millipore.com 
   (Part No.: MAB4419) 
    
   Anti-mouse IgG antibody Cy3-conjugated goat   Abcam  
   Cyanine 3 (Cy3), IgG antibody   http://www.abcam.com 
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In the case of mouse ESCs and AiPSCs, the cells were washed with PBS++ (17 mM 
Na2HPO4, 3.5 mM NaH2PO4, 0.9 mM CaCl2, 0.9 mM MgCl2, 3.5 mM KCl and 137 mM 
NaCl). The cells were fixed for 5 minutes at room temperature by adding fixing solution 
containing 4% para-formaldehyde and 4% sucrose and washed twice with PBS++. Primary 
anti-OCT4 and anti-SSEA1 antibodies (Table 6, Chemicon) were used for immunostaining of 
mouse ESCs and AiPSCs using the manufacturer’s protocol. Fixed cells were treated with 
primary antibodies for one hour at room temperature. An hour later, the primary antibody 
was replaced with secondary antibody and the samples incubated overnight before taking the 
images. Secondary antibody used was cyanine 3 (Cy3)- conjugated goat anti-mouse IgG 
(Table 6, Abcam). Immunofluorescence was detected using an immunofluorescence 
microscope. 
 
 
Alkaline phosphatase activity 
70-80% confluent 6 well plates, each containing mouse ES, AiPSCs, amniocytes and MEFs 
were washed with 1X PBS ++. One ml fixing solution containing 4% para-formaldehyde and 
4% sucrose was added per well in a 6 well plate. The cells were fixed for 5 minutes at room 
temperature and washed twice with PBS++. Fixed cells were treated with Alkaline 
Phosphatase staining kit (Sigma-Aldrich) following the manufacturer’s protocol. The cells 
were kept in the staining solution for 45-60 minutes at room temperature before removing the 
staining solution and then the cells were washed in PBS++ twice.  The stained cells were 
observed under the microscope. 
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