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Embryonic Stem (ES) Cells

ICM = Inner Cell Mass



Gene and micro RNA Expression 

by Human Embryonic Stem Cells

Early studies looked for the molecular 

basis of pluripotency 

• What’s expressed?

• What does it mean? 



Principles of Gene Expression Analysis with Microarrays
cDNAs from different genes are 

spotted on the array slide
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Embryonic stem cell gene 
expression data has been 

difficult to interpret

G Vogel. Science 2003;302:17



Limitations of Gene Expression 

Profiling

Platforms vary

Number of genes analyzed has varied: Increase 
with time

Results depend on types of cells analyzed

• ESCs vs adult cells

• ESCs vs hematopoietic stem cells

• Human ESCs vs mouse ESCs

• ESCs vs embryoid bodies

Cell state affects gene expression 

Difficult to interpret the data



supervised cluster, 2800 genes, F-test, p≤0.05

Bone Marrow Stromal Cells

Hematopoietic Stem Cells

Human Embryonic Stem Cells

Uniquely Expressed Embryonic Stem Cell Genes: 
Hierachical Clustering Analysis of Genes Differentially Expressed by Embryonic Stem 

Cells, Hematopoietic Stem Cells and Bone Marrow Stromal Cells

Unique to ESCs

ESCs express a relatively small 
number of genes

Expressed by ESCs and HSCs



Sato N et al. Developmental Bio. 2003;260:404-413

Genes Enriched in Embryonic Stem Cells 
Compared to Embryoid Bodies

Functional Annotation
•Transcription Factors 
•DNA repair 
•Cell cycle
•RNA binding and processing

Most Significantly enriched
•LeftyB
•Oct4

Enriched Signaling-Related 
Genes
•FGF

•TGFb
•Wnt



Gene Ontology (GO) Comparison by DAVID Bioinformatics Resources

Genes Enriched in Embryonic Stem Cells Compared to Embryoid Bodies

Enriched in ESCs
•Regulation of transcription

•DNA binding
•RNA metabolism

•Biosynthetic processes 

Enriched in EBs
•Organ Development 
•Tissues development

•Embryonic development 



Comparison of Embryonic Stem Cells with Bone Marrow 

Stromal Cells (BMSCs) (Ingenuity)

Enriched in hESCs Enriched BMSCs 
RNA post-translational modification, hematological system 

development and function, nervous system development and 
function

Organismal functions, dermatological diseases and 
conditions, inflammatory diseases

Protein synthesis, gene expression, RNA trafficking Opthalmic disease, genetic disorder, inflammatory disease

Gene expression, post-translational modification, protein 
folding

Protein synthesis, organismal injury and abnormalities, cancer

Post-translational modification, protein folding, respiratory 
system development and function

Skeletal and muscular system development and function, 
cellular development and function, cellular development, gene 

expression
DNA replication, recombination, and repair, cellular assembly 

and organization, infection metabolism
Digestive system development and function, hepatic system 

development and function, lipid metabolism

Enriched in hESCs Enriched BMSCs 
DNA methylation and transcriptional repression signaling Regulation of Actin-based motility by Rho

Role of Oct4 in mammalian embryonic stem cell pluripotency Actin cytoskeleton signaling
Ran signaling Ephrin receptor signaling

Role of BRCA1 in DNA damage response Clathrin-mediated endocytosis
Nitrogen metabolism Hepatic fibrosis/hepatic stellate cell activation

Enriched in hESCs Enriched in BMSCs 
RNA post-transcriptional modification Cellular movement

Cellular growth and proliferation Cellular growth and proliferation

DNA replication, recombination and repair Cell death

RNA damage and repair Cell morphology

Cell cycle Cell-to-cell signaling and interaction

Canonical Pathways

Networks

Molecular and Cellular functions



Genes Expressed by hESCs

Transcription Factors
•Oct4

•Nanog
•Sox2
•Rex1
•Utf1

Others
• LeftyB
•Nodal

•TDGF1 (Cripto)- epidermal growth 
factor-related protein

•DNMT3B - DNA methyltransferase 3B
•GDF3 - growth differentiation factor 3
•GJA1 - gap junction protein, alpha 1 

TGFββββ
Wnt
BMP
FGF

PDGF
Neurotrophins

Genes Signaling Pathways



Human Embryonic Stem Cell Pluripotency
Genes Expressed by Embryonic Stem Cells Compared to Embryonic Bodies



Human Embryonic Stem Cell Pluripotency
Genes Expressed by Embryonic Stem Cells Compared to Adult Cells



Role of Oct4 in Mammalian Embryonic Stem Cell Pluripotency



Summary

• Genes expressed by hESCs are involved with 
DNA replication, recombination and repair, 
RNA damage, and repair RNA post-
transcriptional modification, cellular growth 
and proliferation, and cell cycle

• ESC express several transcription factors 
including Oct4, Sox2, and nanog

• Genes in several signaling pathways are 
expressed including wnt, TGFββββ, FGF, and 
BMP



MicroRNA

Endogenous non-protein coding RNA

Small – 19 to 23 nucleotides

Negatively regulate the expression of protein 
encoding genes 

• Reduce transcript levels

• Reduce translation 



MicroRNA
There are >1000 in the mammalian genome
Phylogenetically conserved
Some are encoded in clusters and transcribed 

polycistronicly
One miRNA may influence many genes 
One gene may be influenced by more than one 

miRNA 

Makes interpretation of results difficult



Sartipy P et al. IDrugs 2009;12:492-96

Micro RNA (miR)

Dicer Knock out Severe growth and differentiation defects



Embryonic Stem Cell-Specific miR:
Hierachical Clustering Analysis of 104 miR Differentially Expressed by Embryonic 

Stem Cells, Embryoid Bodies and Adult cells

miR-302 Cluster - Chromosome 4
miR-302a
miR-302b
miR-302c
miR-302d
miR-367

miR-520 Cluster - Chromosome 19
miR-515-5p
miR-517a
miR-517b
miR-517c
miR-517e
miR-518b
miR-518c
miR-518d
miR-519c
miR-520a
miR-520b
miR-520c
miR-520d
miR-520e
miR-520f
miR-520g
miR-520h
miR-521
miR-524

miR-525-3p
miR-526b

ESC-Specific

miR 372 Cluster -
Chromosome 19

miR-371
miR-372
miR-373

Ren J et al, JTM 2009,7:20



Several members of the miR-302 
and -520 clusters share the same 

7 nucleotide seed sequence

Gene Ontology Analysis of miR-302 and -502 clusters
•Histone  modification

•Covalent chromatin modification
•Establishment and/or maintenance of chromatin architecture

•Chromosome organization and biogenesis
•Chromatin modification

Ren J et al, J Translational Med  2009, 7:20



L Chen and GQ Daley. Human Mol Genetics. 2008;17:R23-R27

miRNA



Questions

• How do these genes and miR maintain 

pluripotency?

• What genes and miR are involved with 

differentiation?

• How can these genes and miR be 

manipulated for laboratory and clinical 

applications?
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