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From the Embryology Laboratory, Depariment of Zeology, Oxford

WITH ONE PLATE

INTRODUCTION

AN important problem in embryology is whether the differentiation of cells
depends upon a stable restriction of the genetic information contained in their
nuclei. The technique of nuclear transplantation has shown to what extent the
nuclei of differentiating cells can promote the formation of different cell types
(c.g. King & Briggs, 1956; Gurdon, 1960¢). Yet no experiments have so far
been published on the transplantation of nuclei from fully differentiated normal
cells. This is partly because it is difficult to obtain meaningful results from such
experimenis. The small amount of cytoplasm in differentiated cells renders their
nuclei susceptible to damage through cxposure to the saline medium, and this
makes it difficult to assess the significance of the abnormalities resulting from
their transplantation. 1t is, however, very desirable to know the developmental
capacity of such nuclei, since any nuclear changes which are necessarily involved
in cellular differentiation must have already taken place in cells of this kind.

The experiments described below are some attempts to transplant nuclei from
fully differentiated cells. Many of these nuclei gave abnormal results afier
transplantation, and sevcral different kinds of experiments have been carried
out to determine the cause and significance of these abnormalities.

The donor cells used for these experiments were intestinal epithelium cells
of feeding tadpoles. This is the final stage of differentiation of many of the
endoderm cells whose nuclei have already been studied by means of nuclear
transplantation experiments in Xenopus. The results to be described here may
therefore be regarded as an extension of those previously obtained from
differentiating endoderm cells (Gurdon, 1960¢).

MATERIAL AND METHODS

The animals used for these experiments belong to the subspecies Xenopus
laevis laevis. The transplantation technique has been carried out as described
previously (Elsdale et al.,, 1960), except that the donor tissue was exposed to
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SUMMARY

Diff i ceils can be reprog d to an
embryonic-like state by transfer of nuclear con-
tents into oocytes or by fusion with embryonic
stem (ES) cells. Little is known about factors
that induce this reprogramming. Here, we dem-
onstrate induction of pluripotent stem cells
from mouse embryonic or adult fibroblasts by
introducing four factors, Oct3/4, Sox2, c-Myc,
and K4, under ES cell culture conditions.
Unexpectedly, Nanog was dispensable. These
cells, which we designated iPS (induced plurip-
otent stem) cells, exhibit the morphology and
growth properties of ES cells and express ES
cell marker genes. Subcutaneous transplanta-
tion of iPS cells into nude mice resulted in
tumors containing a variety of tissues from all
three germ layers. Following injection into blas-
tocysts, iPS cells contributed to mouse embry-
onic development. These data demonstrate
that pluripotent stem cells can be directly gen-
erated from fibroblast cultures by the addition
of only a few defined factors.

INTRODUCTION

Embryonic stem (ES) cells, which are derived from the in.
ner cell mass of mammalian blastocysts, have the ability
to grow i i while ini i and
the ability to differentiate into cells of all three germ layers
(Evans and Kaufman, 1981; Martin, 1981). Human ES cells
might be used to treat a host of diseases, such as Parkin-
son's disease, spinal cord injury, and diabetes (Th

or by fusion with ES cells (Cowan et al., 2005; Tada
et al., 2001), indicating that unfertilized eggs and ES cells
contain factors that can confer totipotency or pluripotency
to somatic cells. We hypothesized that the factors that

roles in the of ES cell identity
also play pivotal roles in the induction of pluripotency in
somatic cells,

Several transcriplion factors, including Oct3/4 (Nichols
et al., 1998; Niwa et al., 2000), Sox2 (Avilion et al., 2003),
and Nanog (Chambers et al., 2003; Mitsui et al., 2003),
function in the maintenance of pluripotency in both early
embryos and ES cells, Several genes that are frequently
upreguiated in tumors, such as Stat3 (Matsuda et al,
1999; Niwa et al., 1998), E-Ras (Takahashi et al., 2003),
c-myc (Cartwright et al., 2005), Kif4 (Li et al., 2005), and
p-catenin (Kielman et al., 2002; Sato et al., 2004), have
been shown to contnbute to the long-term maintenance
of the ES cell phenotype and the rapid proliferation of
ES cells in culture. In addition, we have identified several
other genes that are specifically expressed in ES cells
(Maruyama et al., 2005; Mitsui et al., 2003).

In this study, we examined whether these factors could
induce pluripotency in somatic cells. By combining four
selectod factors, we were able to generate pluripotent
cells, which we call induced pluripotent stem (iPS) cells,
directly from mouse embryonic or adult fibroblast cul-
tures.

RESULTS

We selected 24 genes as candidates for factors that
induce phuripotency in somatic cells, based on our
hypothesis that such factors also play pivotal roles in the
maintenance of ES cell identity (see Table S1 in the

etal,, 1998). However, there are ethical difficulties regard-
ing the use of human embryos, as well as the problem of
tissue rejection followng transplantation in patients. One
weay 10 circumvent these issues & the generation of phu-
ripotent celis directly from the patients’ own cells.
Somatic cells can be reprogrammed by transferring
their nuclear contents into oocytes (Wamut et al., 1997)

Data avail with this article online). For
f-catenin, c-Myc, and Stat3, we used active forms,
S33Y-fi-catenin (Sadot et al., 2002), T58A-c-Myc (Chang
et al., 2000), and Stat3-C (Bromberg et al., 1999), respec-
tively. Because of the reported negative effect of Grb2
on pluripotency (Burdon et al., 1999; Cheng et al., 1998),
we included its dominant-negative mutant Grb2ASH2
(Miyamoto et al., 2004) as 1 of the 24 candidates.
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From Idea to Scholarship

It’s all about ideas, but...

You can’t share an idea, only the expression of an idea.

So how do you get from an idea to published scholarship?




From Idea to Scholarship

Steps in the process:

* Understanding that scholarship is a conversation

* ldentifying the components of published scholarship
* Evaluating published scholarship

* Contributing your own voice to the conversation

* Disseminating your ideas
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Scholarly Communication

“Scholarly Communication” = the sharing of ideas in
academia and other areas of research

Scholarly communication as a conversation

- Not “everyday conversation”

- Complex exchanges about a well-defined topic between
well-informed people

- Takes place over vast times and distances

- To effectively understand the conversation and contribute
to it, one must “speak the language” of scholarship
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The Peer-Reviewed Research Article

The basic unit of scholarly communication in the
sciences is the peer-reviewed research article.
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The Peer-Reviewed Research Article

Peer review:

* the process of submitting one’s scholarly work to rigorous
evaluation by experts working in the same field.

This allows for:

e Verification, validation, and confirmation
* Suggestions for improvement

* Inclusion of additional points of view

* Opportunities for future research...
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Literature Review

Situating yourself within a larger conversation
What is that conversation?

Who are the key voices?

LEARN. DO. LIVE.

,,,,,,,,,,,,,,,,,,,,,
& 4 &y & 8 H N &y
y & N H

4 / J r 8 8 8 N G 8N & & &y v
VAV A A A &5 4 & &Y &Y & & &

& a4 /4
s N &



The Parts of a Scholarly Article

Bibliographic Elements
* Title
Author
Journal Title
Publisher
* Publication date
Content
* Abstract
* Introduction
* Literature Review
* Methods/Procedures
* Results/Data
* Discussion/Conclusion
 References




The Bibliographic Elements of an Article
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tively. Because of the reported negative effect of Grb2
on pluripotency (Burdon et al., 1999; Cheng et al., 1998),
we included its dominant-negative mutant Grb2ASH?2
(Miyamoto et al., 2004) as 1 of the 24 candidates.
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Discussion/Conclusion
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SUMMARY

Differentiated cells can be reprogrammed to an
embryonic-like state by transfer of nuclear con-
tents into oocytes or by fusion with embryonic
stem (ES) cells. Little is known about factors
that induce this reprogramming. Here, we dem-
onstrate induction of pluripotent stem cells
from mouse embryonic or adult fibroblasts by
introducing four factors, Oct3/4, Sox2, c-Myc,
and KIf4, under ES cell culture conditions.
Unexpectedly, Nanog was dispensable. These
cells, which we designated iPS (induced plurip-
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Article content

* Abstract INTRODUCTION

* Introduction

e Literature Review Embryonic stem (ES) cells, which are derived from the in-
e Methods/Procedures ner cell mass of mammalian blastocysts, have the ability
e Results to grow indefinitely while maintaining pluripotency and

the ability to differentiate into cells of all three germ layers
(Evans and Kaufman, 1981; Martin, 1981). Human ES cells
might be used to treat a host of diseases, such as Parkin-
son’s disease, spinal cord injury, and diabetes (Thomson
et al., 1998). However, there are ethical difficulties regard-
ing the use of human embryos, as well as the problem of
tissue rejection following transplantation in patients. One
way to circumvent these issues is the generation of plu-
ripotent cells directly from the patients’ own cells.
Somatic cells can be reprogrammed by transferring
their nuclear contents into oocytes (Wilmut et al., 1997)

* Discussion/Conclusion
 References
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Article content

e Abstract Teratoma Formation and Histological Analysis

ES cells oriPS cells were suspended at 1 X 107 cells/mlin DMEM con-
taining 10% FBS. Nude mice were anesthetized with diethyl ether. We
injected 100 pl of the cell suspension (1 x 10° cells) subcutaneously
* Methods/Procedures iy, the dorsal flank. Four weeks after the injection, tumors were surgi-

* |Introduction
 Literature Review

* Results cally dissected from the mice. Samples were weighed, fixed in PBS
* Discussion/Conclusion containing 4% formaldehyde, and embedded in paraffin. Sections
e References were stained with hematoxylin and eosin.

Bisulfite Genomic Sequencing

Bisulfite treatment was performed using the CpGenome modification
kit (Chemicon) according to the manufacturer's recommendations.
PCR primers are listed in Table S9. Amplified products were cloned
into pCR2.1-TOPO (Invitrogen). Tenrandomly selected clones were se-
quenced with the M13 forward and M13 reverse primers for each gene.
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Article content

Abstract

Introduction
Literature Review
Methods/Procedures
Results
Discussion/Conclusion
References

RESULTS

We selected 24 genes as candidates for factors that
Induce pluripotency in somatic cells, based on our
hypothesis that such factors also play pivotal roles in the
maintenance of ES cell identity (see Table S1 in the
Supplemental Data available with this article online). For
B-catenin, c-Myc, and Stat3, we used active forms,
S33Y-[-catenin (Sadot et al., 2002), T58A-c-Myc (Chang
et al., 2000), and Stat3-C (Bromberg et al., 1999), respec-
tively. Because of the reported negative effect of Grb2
on pluripotency (Burdon et al., 1999; Cheng et al., 1998),
we included its dominant-negative mutant Grb2ASH2
(Miyamoto et al., 2004) as 1 of the 24 candidates.
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SUMMARY

Differentiated cells can be reprogrammed o an
embryonic-like state by transfer of nuclear con-
tents into ococytes or by fusion with embryonic
stem (ES) cells. Litile is known about factors
that induce this reprogramming. Here, we dem-
onstrate induction of pluripotent stem cells
from mouse embryonic or adult fibroblasts by
introducing four factors, Octd/4, Sox2, c-Myc,
and Kif4, under ES cell culture conditions.
Unexpectedly, Nanog was dispensable. These
cells, which we designated iPS (induced plurip-
otent stem) cells, exhibit the morphology and
growth properties of ES cells and express ES
cell marker genes. Subcutaneous transplanta-
tion of iPS cells into nude mice resulted in
tumors containing a varety of ssues from all
three germ layers. Following injection into blas-
tocysts, iPS cells contributed to mouse embry-
onic development. These data demonstrate
that pluripotent stem cells can be directly gen-
erated from fibroblast cultures by the addition
of only a few defined factors.

INTRODUCTION

Emibaryemic siem (T5) oolls, which ane derivesd from the in
ner cell mass of mammakan blastocysts, have the abdty
to grow indefinitely while maintaining plmpotency and
fthe: abilty o differentiale inlo cells of all three germ byers
{Evana and Kaufman, 1961; Martn, 1981). Hurnan ES cells
might be used to treat a host of diseases, such as Parkin-
son's disesse, spina cord injury, s disbetes [Thomeson
e al., 199A). Howeves, there are elhical dillicullies regard-
ing the use of human embryos, as well as the problem of
tissue rojection following vation in patents. One
way lo creumnvend These ssuses is the generation of plu-
nipotent cells directly from the patients” own celis.
Somatic cells can be reprogrammed by transieming
their musclear contents inlo oocyles (Wilmot of al, 1997)

or by fusion with ES cells [Cowan el al, 2005; Tada
et al, 2001), indecating that unfertilized eggs and ES cells
comtain factors that can confer totipotency of pluripotency
o somalic colls, We hypothesired that the factors that
play important rokes in the maintenance of ES call identity
also play pivotal roles in the induction of pluripotency in
somfic: cells.

Several ranscriplion laclos, including Oct3/d (Nichoks
at al., 1998; Niwa et al_, 2000), Sox2 (Avilion et al_, 2003),
and Nanog (Chambers ot al, 2003; Mitsui ot al, 2003),
Tunction in the mainlenance of pluripelency in both early
embryos and ES cells. Several genes that are frequenthy
upreguiated in temors, such as St (Matsuda et al.,
1999; Miwa el al., 1996), E-fas (Takahashi & al, 2003),
c-myc (Cartwright et al., 2005), Kifd {Li et sl 2005), and
catenin (Kielman et al., 2002; Sato et al, 2004}, have
Exesen shosm o contribade fo the kng-lerm manienance
of the ES call phenotype and the rapid probferation of
ES calls in culture. In addition, we have identified several
other genes that are specifically expressed in £S5 onlls
(Mansyama el al., 2005 Milsui e 3., 2003).

In this study, we examined whether these factors could
induce pluripotency in somatic cells. By combining four
selecled factors, we were able 10 generale pluripolent
cells, which we call induced pluripotent stem (iPS) cells,
directly from mouse embeyonic or adult fibroblast cul
Tures,

We selected 24 genes as candidates for factors that
inchuce pluripofency i somatic oolls, based on owr
hypothess that such factors also play pivotal roles n the
maintenance of ES cell dentity (see Table 51 in the
Supplemental Data availiablke with this articke online), For
frealening, c-Myc, and Slald, we used active lorms,
533Y-p-catenin (Sadot at al., 2002), T58A-c-Myc (Chang
et al., 2000), and Stat3-C (Bromberg ot al., 19949), respec
livedy. Because ol the reperded negalive effect of G2
on plunpotency (Burdon et al, 1999; Chang et al., 1998),
we included its dominant-negative mutant Grb2aSH2
MEyamalto el al, 2004) as 1 of the 24 candidates.
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* Abstract DISCUSSION

* Introduction

e Literature Review Oct3/4, Sox2, and Nanog have been shown to function
* Methods/Procedures  as core transcription factors in maintaining pluripotency
e Results (Boyer et al., 2005; Loh et al., 2006). Among the three,
« Discussion/Conclusion Wwe found that Oct3/4 and Sox2 are essential for the gen-
e References eration of iPS cells. Surprisingly, Nanog is dispensable. In

addition, we identified c-Myc and Klf4 as essential factors.
These two tumor-related factors could not be replaced by
other oncogenes including E-Ras, Tcl1, B-catenin, and
Stat3 (Figures 2A and 2B).

The c-Myc protein has many downstream targets that
enhance proliferation and transformation (Adhikary and
Eilers, 2005), many of which may have roles in the gener-
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The Importance of Citation and References

 (Citation and references allow the reader to reconstruct the
scholarly conversation, even if that conversation has
happened over vast distances and over long periods of time

* What were the ideas that led to this idea?

* How have the arguments changed over time?

* Have certain theories or practices been debunked?

* Within the larger scholarly conversation, who do you agree
with? Who do you disagree with?
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Dissemination of ideas

It’s not just what you say,
but how and where and to whom you say it.
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The Developmental Capacity of Nuclei taken from
Intestinal Epithelium Cells of Feeding Tadpoles

by 1. B. GURDON!
From the Embryology Laboratory, Depariment of Zeology, Oxford

WITH ONE PLATE

INTRODUCTION

AN important problem in embryology is whether the differentiation of cells
depends upon a stable restriction of the genetic information contained in their
nuclei. The technique of nuclear transplantation has shown to what extent the
nuclei of differentiating cells can promote the formation of different cell types
(c.g. King & Briggs, 1956; Gurdon, 1960¢). Yet no experiments have so far
been published on the transplantation of nuclei from fully differentiated normal
cells. This is partly because it is difficult to obtain meaningful results from such
experimenis. The small amount of cytoplasm in differentiated cells renders their
nuclei susceptible to damage through cxposure to the saline medium, and this
makes it difficult to assess the significance of the abnormalities resulting from
their transplantation. 1t is, however, very desirable to know the developmental
capacity of such nuclei, since any nuclear changes which are necessarily involved
in cellular differentiation must have already taken place in cells of this kind.

The experiments described below are some attempts to transplant nuclei from
fully differentiated cells. Many of these nuclei gave abnormal results afier
transplantation, and sevcral different kinds of experiments have been carried
out to determine the cause and significance of these abnormalities.

The donor cells used for these experiments were intestinal epithelium cells
of feeding tadpoles. This is the final stage of differentiation of many of the
endoderm cells whose nuclei have already been studied by means of nuclear
transplantation experiments in Xenopus. The results to be described here may
therefore be regarded as an extension of those previously obtained from
differentiating endoderm cells (Gurdon, 1960¢).

MATERIAL AND METHODS

The animals used for these experiments belong to the subspecies Xenopus
laevis laevis. The transplantation technique has been carried out as described
previously (Elsdale et al.,, 1960), except that the donor tissue was exposed to

U Anthor's Address: Department of Zoology, Parks Road, Oxford, UK.
. Embrysl. exp. Morph., Vol. 10, Part 4, pp. 672-40 December 1967]

Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka'~**

' Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8507, Japan
?CREST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan

'‘Contact: yamanaka@frontier kyoto-u.ac.jp
DOI 10.1016/).cell.2006.07.024

SUMMARY

Diff i ceils can be reprog d to an
embryonic-like state by transfer of nuclear con-
tents into oocytes or by fusion with embryonic
stem (ES) cells. Little is known about factors
that induce this reprogramming. Here, we dem-
onstrate induction of pluripotent stem cells
from mouse embryonic or adult fibroblasts by
introducing four factors, Oct3/4, Sox2, c-Myc,
and K4, under ES cell culture conditions.
Unexpectedly, Nanog was dispensable. These
cells, which we designated iPS (induced plurip-
otent stem) cells, exhibit the morphology and
growth properties of ES cells and express ES
cell marker genes. Subcutaneous transplanta-
tion of iPS cells into nude mice resulted in
tumors containing a variety of tissues from all
three germ layers. Following injection into blas-
tocysts, iPS cells contributed to mouse embry-
onic development. These data demonstrate
that pluripotent stem cells can be directly gen-
erated from fibroblast cultures by the addition
of only a few defined factors.

INTRODUCTION

Embryonic stem (ES) cells, which are derived from the in.
ner cell mass of mammalian blastocysts, have the ability
to grow i i while ini i and
the ability to differentiate into cells of all three germ layers
(Evans and Kaufman, 1981; Martin, 1981). Human ES cells
might be used to treat a host of diseases, such as Parkin-
son's disease, spinal cord injury, and diabetes (Th

or by fusion with ES cells (Cowan et al., 2005; Tada
et al., 2001), indicating that unfertilized eggs and ES cells
contain factors that can confer totipotency or pluripotency
to somatic cells. We hypothesized that the factors that

roles in the of ES cell identity
also play pivotal roles in the induction of pluripotency in
somatic cells,

Several transcriplion factors, including Oct3/4 (Nichols
et al., 1998; Niwa et al., 2000), Sox2 (Avilion et al., 2003),
and Nanog (Chambers et al., 2003; Mitsui et al., 2003),
function in the maintenance of pluripotency in both early
embryos and ES cells, Several genes that are frequently
upreguiated in tumors, such as Stat3 (Matsuda et al,
1999; Niwa et al., 1998), E-Ras (Takahashi et al., 2003),
c-myc (Cartwright et al., 2005), Kif4 (Li et al., 2005), and
p-catenin (Kielman et al., 2002; Sato et al., 2004), have
been shown to contnbute to the long-term maintenance
of the ES cell phenotype and the rapid proliferation of
ES cells in culture. In addition, we have identified several
other genes that are specifically expressed in ES cells
(Maruyama et al., 2005; Mitsui et al., 2003).

In this study, we examined whether these factors could
induce pluripotency in somatic cells. By combining four
selectod factors, we were able to generate pluripotent
cells, which we call induced pluripotent stem (iPS) cells,
directly from mouse embryonic or adult fibroblast cul-
tures.

RESULTS

We selected 24 genes as candidates for factors that
induce phuripotency in somatic cells, based on our
hypothesis that such factors also play pivotal roles in the
maintenance of ES cell identity (see Table S1 in the

etal,, 1998). However, there are ethical difficulties regard-
ing the use of human embryos, as well as the problem of
tissue rejection followng transplantation in patients. One
weay 10 circumvent these issues & the generation of phu-
ripotent celis directly from the patients’ own cells.
Somatic cells can be reprogrammed by transferring
their nuclear contents into oocytes (Wamut et al., 1997)

Data avail with this article online). For
f-catenin, c-Myc, and Stat3, we used active forms,
S33Y-fi-catenin (Sadot et al., 2002), T58A-c-Myc (Chang
et al., 2000), and Stat3-C (Bromberg et al., 1999), respec-
tively. Because of the reported negative effect of Grb2
on pluripotency (Burdon et al., 1999; Cheng et al., 1998),
we included its dominant-negative mutant Grb2ASH2
(Miyamoto et al., 2004) as 1 of the 24 candidates.

Cell 126, 663-676, August 25, 2006 ©2006 Elsevier Inc. 663
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The Future of Scholarly Communication

The nature of scholarly communication before the internet
and open access was restrictive.

The nature of research in a digital age is now expansive,
which means:

* Collaborative

* Interdisciplinary

* International

* Trans-generational
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Interested in learning more?

Consider taking LIS 345 — Library Research Methods and
Information Literacy!
For more information, please contact:

Sean Lind, Scholarly Communications Librarian,
linds@cwu.edu

Lizzie Brown, Instruction Coordinator, browne1(@cwu.edu
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