


1 New methods are necessary to treat cancers by Sidney Pestka

Novel methods are needed to deliver cancer therapeutics directly to a tumor, thereby enabling higher
doses to be administered. This lab is focusing on the delivery of interferons into tumors and their
microenvironments, using stem cells that express interferons.

Embryonic stem cells and their ability to prevent disease
by Diego Fraidenraich
This laboratory has had promising results injecting normal mouse embryonic stem cells into early mutant

embryos of mice predisposed to develop a congenital disease. The researchers plan to test the embryonic
stem cells in various mouse models of human disease to identify rescue molecules for different diseases.

Mechanisms regulating proliferation and differentiation of neural
progenitors and adult neural stem cells by Patrizia Casaccia-Bonnefil

This lab is interested in defining the molecular events regulating development and pathology of
oligodendrocytes, and studying the mechanism of control of proliferation of adult neural stem cells.

Stem cells as therapy for retinal degeneration by Mengging Xiang

Stem cell-based therapy provides a promising approach to restore vision in retinal degenerative diseases.
This research focuses on the basic mechanisms of retinal cell development to identify candidate
molecules useful for stimulating the differentiation and integration of transplanted retinal stem cells.

Stem cells: NO to immune cells by by Yufang Shi

This lab recently published their discovery that nitric oxide (NO) and chemokines act in concert to
mediate immunosuppression by mesenchymal stem cells, a finding that should lead to more efficient use
of these adult stem cells in a therapeutic context.

Potential of mesenchymal stem cells in regenerative medicine
by Biagio Saitta
Isolating, characterizing, and propagating MSCs from low volumes of umbilical cord blood (UCB), and

understanding the molecular mechanisms of these adult stem cells in tissue repair, are the objectives of
this research.

Adding to the arsenal: isolation of stem cell populations
from novel sources by Dale Woodbury
As science has shed light on both the potential, and the limitations, of embryonic and adult stem cells,

interest in stem cells from the afterbirth, or extra-embryonic tissues, has intensified. This group is
investigating the relative potency of extra-embryonic stem cells.

Assembling blood vessels from embryonic stem cells by Shaohua Li

The goals of this lab are to elucidate the mechanisms of blood vessel formation and create vascularized
grafts for tissue repair using embryonic stem cells.

Myeloprotection with drug resistance gene transfer
by Tulin Budak-Alpdogan

High-dose chemotherapy, followed by autologous transplant, appears to have beneficial effects. This
group is developing a clinically applicable protocol for ex vivo transduction of hematopoietic
progenitor/stem cells, and a retroviral vector containing drug resistance gene(s), to protect patients against
post-transplant chemotherapy related myelosuppression.

Mantle cell lymphoma stem cells — seeds of evil
by Daniel J. Medina

This team has identified the cancer stem cell (CSC) for mantle cell lymphoma, a disease characterized by
response to treatment but frequent relapse. This discovery will lay the foundation for identifying therapies
targeting the mantle cell lymphoma CSCs that ultimately give rise to the tumor.

Ensuring the safety of stem cell therapy by Robert G. Nagele

Mesenchymal stem cells must be extensively expanded in cell cultures to generate enough for clinical use,
producing some cells no longer able to proliferate, and some that are genomically unstable. This group is
studying the potentially deleterious changes and will develop strategies to document the safety of MSCs
for therapy.

Tumor stem cells in lung cancer by John Langenfeld

This laboratory has been studying the “tumor stem cell” population in non-small cell lung carcinomas and
has demonstrated that more than one population of cancer cells within a lung tumor is able to initiate
tumor growth.

The University of Medicine and
Dentistry of New Jersey is a
statewide network of eight schools
on five campuses in Camden, New
Brunswick/Piscataway, Newark,
Scotch Plains and Stratford. The
schools include New Jersey
Medical School, Robert Wood
Johnson Medical School, School of
Osteopathic Medicine, New Jersey
Dental School, Graduate School of
Biomedical Sciences, School of
Health Related Professions, School
of Nursing and School of Public
Health. The University has more
than 5,400 students in 50 degree
and certificate programs, 14,884
employees, including 2,566 faculty
members, 20,258 alumni and more
than 200 education and healthcare
affiliates throughout New Jersey.
The University is dedicated to pur-
suing excellence in the education of
health professionals and scientists,
conducting research, delivering
healthcare, and serving the com-
munity. UMDNJ is ranked among
the 100 top research universities in

the country.

Please visit our website at

http://www.umdnj.edu

UMDNJ RESEARCH

Volume 9, Number 1, Spring 2008

William F. Owen, Jr., MD
President

Kathleen W. Scotto, PhD
Vice President of Research

UMDNJ Research is published by
the Department of University Affairs,
University of Medicine and
Dentistry of New Jersey, Publications Office,
Stanley S. Bergen Building,
65 Bergen Street, Suite 1328,
P.O. Box 1709, Newark,
NJ 07101-1709.

For permission to reprint an article,
contact the University Affairs office. For
change of address, please include label.

DESIGN:ERIC MILLER + ASSOCIATES, NYC
PRINCIPAL PHOTOGRAPHY: PETER BYRON

© Mixed Sources n
Product group from well-managed 10%
forests, controlled sources and
recycled wood or fiber

FSC www.fsc.org Cert no. SW-COC-002279
© 1996 Forest Stewardship Council




stem cells

prevent

by Diego Fraidenraich

mbryonic stem (ES) cells are regarded with great promise

for future treatment of congenital disease. These cells are

derived from a very early embryo called a “blastocyst.” The

well-known capacity of these cells to differentiate into a
broad spectrum of cell types makes them highly attractive for their use in the
emerging era of regenerative medicine, as they can potentially regenerate
every tissue of the body. In addition to tissue regeneration, we have identified
a novel function of ES cells: they are capable of secreting healing factors.
This set of defined factors corrects a mutant environment that otherwise is
predisposed to develop a congenital disease. (Science. 2004 306(5694): 247-
5; Nat Clin Pract Cardiovasc Med. 2006 Mar:S14-7).
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Approach
The approach that we use is to
inject normal mouse ES cells
into early mouse embryos that
harbor a mutation. The
embryos that do not receive
ES cell treatment develop a
disease that recapitulates a
human disease. For example, our first strain of mice that we studied is called
“Id knockout” mice. These mice recapitulate the “thin myocardial syn-
drome,” as they die in utero due to severe cardiac abnormalities, including a
marked thinning of the myocardium that prevents the hearts from pumping
blood throughout the fetuses. As the ES cells are derived from blastocysts,
injection of normal ES cells into mutant blastocysts results in a mutual recog-
nition without rejection. The normal ES cells are incorporated in the mutant
embryo in a “salt and pepper” pattern. As a result of the injection of ES cells,
the developing animal will be composed of “wild type” or normal cells
(derived from the ES cells) and mutant cells (derived from the blastocysts).
These mice are termed “chimeras” or “mosaic” mice. In this case, the
chimeras are symbolized WT/Id (wild type component derived from the ES
cells and Id knockout component derived from the blastocysts).




Rescue of congenital heart disease

For our rescue studies of congenital heart dis-
ease (Id knockout embryos), we selected
chimeras with a low percentage of ES cells, for
example 10-20 %. The Id knockout embryos die
in utero, but the introduction of the ES cells
allowed the resultant chimeric embryos to sur-
vive to term, and in some cases beyond birth,
even until adulthood. When we examined the
hearts from the rescued animals, they were
indistinguishable from those of normal animals,
even though the rescued hearts contained 80%
of mutant cells on average (Fig. 1). Thus, 20 %
of tissue derived from wild type ES cells suf-
ficed to prevent disease from occurring. To
understand the molecular mechanisms involved
in the rescue, we examined the profiles of gene
expression in the rescued hearts, and compared
them with normal hearts. Surprisingly, the
mutant component of the heart contained a nor-

Fig 1. Cardiac defects in Id knockout embryos are
rescued by injection of ES cells.

af, a WT (a, d), Id (b, e) or WT/Id chimeric (c, f)
midgestation embryo was examined at heart level. a-c,
desmin detection (myocardium). d-f, CD31 detection
(endothelium/endocardium). g, a WT/WT (g,i) or WT/Id
adult heart was sectioned, Xgal/Eosin stained (blue repre-
sents the ES derived cells, and red represents the Id
knockout cells) (g,h) or CD31 stained (endothelium/endo-
cardium) (i, j). VS: ventricular septum; Tr: trabeculae;

End: endocardium; Myo: myocardium

muscular dystrophy, as the fibers were not
necrotic or regenerative (Fig. 2). Moreover,
molecular markers of muscular dystrophy were
absent in the chimeras. Most of the fibers con-
tained dystrophin, despite that the animals
contained only 20% of incorporated ES cells.
Thus, the structural protein dystrophin spread
throughout the muscle. Surprisingly, some por-
tions of the muscle that were not made out of
ES-derived cells and therefore did not contain
dystrophin were normal as well (Fig. 2D). This
novel observation is still under study, and we
reason that the fibers that do not contain dys-
trophin are stabilized by the presence of neighbor
fibers that do contain dystrophin, perhaps again,
by emission of healing molecules. \We are current-
ly attempting to identify molecules that may
bridge the information between the dystrophin
plus and the dystrophin minus muscle fibers.
Importantly, a fraction of ES cells incorporated

mal profile. Thus, the normal ES cells
normalized the function of the neighbor mutant
cells. We went on to identify two factors, one

dystrophinfeMHC

long-range called “IGF1” and the other short-
range called “Wnt5a”. These two factors are
emitted by the ES cells and induce corrections
in the mutant component of the heart. The long-
range factor can travel long distances through
the circulation. In fact, we injected IGF1 in the
pregnant mice harboring the Id knockout
embryos. This small molecule crossed the pla-
centa to partially correct disease and to extend
survival of the Id knockout fetuses. As a result
of maternal injection of recombinant IGF1, the

WT/mdx

Id knockout embryos survived to term, with par-
tially corrected hearts. The short-range factor
travels only short-distances, and could only

exert the function when the ES cells are in direct

contact (cell-to-cell communication) with

mutant tissue, for example in the chimeric

embryos. Thus, the ES cells emit healing fac-

tors. The message of this rescue experiment is that the ES cells can eventually
be replaced by the factors that are responsible for their therapeutic effects.

Rescue of muscular dystrophy

Another disease that we are interested in preventing is muscular dystrophy.
There is currently no cure for this devastating disease. The challenge with this
model is that the mutation affects the presence of a structural protein called
dystrophin, and therefore 20% of chimerism might not suffice to restore struc-
tural stability to the whole muscle (the main structure affected by the absence
of dystrophin), and thus to correct disease. Because the muscle is interconnect-
ed by fibers composed by many cells that fuse together, we reasoned that,
facilitated by the existence of the process of fiber fusion, the protein dystrophin
would spread throughout the fibers. We injected wild type ES cells this time
into dystrophin deficient blastocysts (called mdx blastocysts) and allowed the
resultant animals to go to term and to become adults. We selected chimeric
mice containing 20% of muscle derived from the normal ES cells and 80% of
the muscle derived from the mdx blastocysts (without dystrophin). These
chimeras are symbolized WT/mdx. To our surprise, the muscle had no signs of

into the mdx muscle during early development
suffices to rescue muscular dystrophy.

Fig 2. A marker New generation of stem cells

of regeneration
(muscular
dystrophy),
embryonic MHC
(eMHC) is severely
reduced in the
skeletal muscle of
WT/mdx chimeras.

Can this approach be applied to patients? The

generation of human chimeras is certainly not

the purpose of our study. Rather, the experi-

ments are aimed at identifying novel
mechanisms of disease correction. We exploit

A-D, a muscle from

a WT (A), an the ability of the ES cells to produce defined

mdx+/- (A, inset), an
mdx (B) or a WT/mdx
chimeric (C, D) mouse i . i o
was sectioned and genital diseases. The identification of
stained for

dystrophin (green) and
eMHC (red). C, D,
Areas with high (C)
and low (D) dystrophin
within the same
muscle.

factors that may ultimately be used to treat con-

corrective molecules derived from the ES cells
will have tremendous implications for the treat-
ment of human disease, as it may be possible in
the future to replace the ES cells with a “pill”
of healing factors. Recently, a new generation
of stem cells has emerged. These are somatic
cells (from the skin for example) subjected to
dedifferentiation by the addition of four
defined factors. These cells, named induced
pluripotent stem cells (iPS cells), resemble ES cells in many aspects. The iPS
cells have the potential to differentiate into a wide range of cell types.
Importantly, the iPS cells can generate chimeras when injected into early
blastocysts. One fundamental difference between ES cells and iPS cells is
that the generation of the latter does not implicate the destruction of embryos,
and thus, there are no ethical concerns associated with using the iPS cells. It
would be intriguing to test the corrective behavior of the iPS cells in our
mouse models of human disease, for example, whether the iPS cells secrete
healing factors, and if the factors are similar to those secreted by the ES cells
(i.e. IGF1, Wnt5a). We have obtained mouse iPS cells, and hope to address
this question in the near future.

Diego Fraidenraich received his PhD degree from the University of Buenos Aires,
Argentina, and trained at New York University and at Memorial Sloan-Kettering Cancer
Center. He is currently assistant professor in the Department of Cell Biology and
Molecular Medicine at UMDNJ-New Jersey Medical School. His work is supported by
the National Institutes of Health, the New Jersey Commission on Science and Technology,

the American Heart Association and the Muscular Dystrophy Association.
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schizophrenia has led to new interest in the role of these cells in complex neu-
rological and psychiatric disorders.

My laboratory has a long-standing interest in the definition of the events at
the transition between cell cycle exit and initiation of a developmental program
of oligodendrocyte differentiation. Together with other laboratories, we have
contributed to the definition of an obligate relationship between cell cycle exit
and oligodendrocyte differentiation. The characterization of oligodendrocyte
differentiation in mice, with targeted deletion of genes encoding for cell cycle
inhibitors performed by our laboratory and others, reinforced this concept and
suggested that cell cycle exit was the driving force for differentiation. However,
over-expression of specific cell cycle inhibitors in proliferating progenitors
stopped proliferation, but was not sufficient to also induce the progression to
myelinating phenotype.

Because the proliferative state of a cell is associated with changes of chro-
matin components, we hypothesized that secondary modifications of
nucleosomal histones, the basic unit of chromatin, would be the necessary ele-
ment linking cell cycle exit to the activation of the oligodendrocyte
differentiation program. Our laboratory was the first one to demonstrate this
concept in the myelin field and it has now received independent validation by
several other groups.

We suggested that the differentiation of progenitors into oligodendrocytes
involves epigenetic repression of specific genes, and is associated with specific
histone modifications. These changes in chromatin components favor the repres-
sion of inhibitory molecules that keep the progenitors unable to synthesize myelin
genes, while repressing alternative fates. These studies were conducted by Drs.
Marin-Husstege and Aixiao Liu, and later followed by graduate student Siming
Shen, who graduated in May 2007, earned the Best Thesis Award 2007 from the
Graduate School of Biomedical Sciences, received the Marian Kies Award and
was invited to organize a symposium at the ASN meeting in March 2008.

Dr. Liu’s work focused on two critical steps in oligodendrocyte differenti-
ation: branching and myelin protein synthesis. His studies indicated both
processes are essential for developmental myelination or remyelination in
demyelinating disorders. His work demonstrated that specific cytoskeletal pro-
teins, like stathmin, are crucial for the morphological change of
oligodendrocytes. He also thoroughly characterized the mechanisms of action
of the transcription factor Hes5, in modulating myelin gene expression. Most
recently, Dr. Liu addressed the critical question of whether oligodendrocyte
progenitors retain the plasticity to revert to neural stem cells and differentiate
into other lineages. This question, in an era of translational research, is critical
for its important therapeutic implications. For a long time, it was believed that
oligodendrocytes originate from “committed” progenitor cells (OPCs).
However, it was reported by the group of M.C. Raff and colleagues that these
progenitor cells have the ability to revert to a stem-like cell state. Using phar-
macological manipulation of histone acetylation, Dr. Liu demonstrated that
OPCs can be reverted into stem-like cells and these “reverted” stem-like cells
could acquire a different fate and become neurons and astrocytes both in vitro
and in vivo. These findings may provide some understanding of the underlying
mechanism controlling the lineage choice of stem cells, and were recently high-
lighted for their relevance to neural development in Nature Neuroscience.
Studies are being carried out in our laboratory to further define the underlying
mechanisms and their potential for clinical applications.

Another important contribution of our laboratory to the field of oligoden-
drocyte differentiation was made by graduate student, Ye He, who noticed that
one quarter of the genes regulated by histone deacetylation during oligoden-
drocyte differentiation have the ability to bind a protein called Yin Yang 1
(YY1). She demonstrated that YY1 is expressed in the oligodendrocyte lineage,
and that conditional knockout mice for this gene have a very severe clinical
phenotype, characterized by tremor, ataxia, and head wobbling, and progres-
sively deteriorate to paralysis. Additional ultrastructural and
immunohistochemical studies revealed severe hypomyelination in the central

nervous system of these mice. Ye He then identified the mechanisms responsi-
ble for this phenotype and found that deletion of yy1 blocked the differentiation
of oligodendrocyte progenitors due to persistent histone acetylation and high
levels of transcriptional inhibitors. These innovative findings were recently
published in the prestigious journal Neuron. She then continued to characterize
the role of YY1 in the peripheral nervous system and discovered that YY1 can
modulate the ability of Schwann cells to myelinate axons, and is testing the
hypothesis that these findings might provide benefits for treatments aimed at
remyelination from spinal cord injury.

Collectively, the work of our laboratory has shown that the activity of
enzymes catalyzing the removal of the acetyl group from nucleosomal histones
(HDAC) was necessary for oligodendrocyte differentiation in vitro and for
developmental myelination in vivo. We have also shown that systemic admin-
istration of HDAC inhibitors in neonatal rats, and even in zebrafish, results in
complete inhibition of myelination in the developing brain. We don’t yet know,
however, whether the same events that regulate developmental myelination also
modulate remyelination in pathological conditions. To define our work’s trans-
lational relevance, we have recently started to investigate the role of HDAC
activity and HDAC inhibitors in the adult brain by characterizing the mecha-
nisms involved in adult progenitor differentiation and new myelin formation in
the demyelinated brain. The long-term goal is to identify “cell-specific” path-
ways affected by HDAC in order to design therapies targeted at promoting
repair for demyelinating conditions, including multiple sclerosis.

Our laboratory’s second area of study is the mechanism of control of pro-
liferation of adult neural stem cells. We’re interested in discovering the
molecules controlling the decision of neural stem cells to either proliferate
and/or differentiate. When proliferation is “under control” in the developing
brain, it is crucial to generate the appropriate number of cells. In the adult brain,
“controlled proliferation” is also beneficial because it allows “new” cells to
replace those that were lost after an injury, stroke, or infections. However, when
proliferation is “out of control,” it can be very harmful and lead to brain tumors.
Typically, a biochemical approach is used to identify the molecules responsible
for a specific event (e.g. proliferation). We then ask if this molecule is neces-
sary or “dispensable” to obtain the desired response (either proliferation or
growth arrest) using a loss of function approach in vitro (by gene transfer of
dominant negative molecules) and in vivo (by phenotypic analysis of knockout
animals). Finally, we ask whether the identified molecule by itself is sufficient
to induce the desired response, using a gain of function approach. Although
stem cell therapy has been proposed for repair, still relatively little is known
about the behavior of these cells in the adult injured CNS. Our laboratory is
attempting to define how mitogens affect the proliferative potential of adult
SVZ cells and how dysregulation of cell cycle molecules and tumor suppressor
genes leads to glioblastomas, a very common and devastating brain tumor.
Based on the proteomic and gene profiling studies, we are attempting to define
molecular mechanisms and downstream signaling networks that modulate lin-
eage determination and survival.

Patrizia Casaccia-Bonnefil earned an MD from UCSC (Catholic University), Rome,
Italy, and a PhD in cell biology from SUNY-Health Sciences Center at Brooklyn
(HSCB). Her postgraduate training included a residency in neurology at UCSC, a
research fellowship at the Institute for Basic Research, Staten Island, NY, and a post-
doctoral fellowship at Cornell University Medical College. She was a research associate
at the Skirball Institute for Biomolecular Medicine and is currently an associate profes-
sor in the Department of Neuroscience and Cell Biology at UMDNJ-Robert Wood
Johnson Medical School and a member of The Cancer Institute of NJ. Her research is
supported by the National Institutes of Health, the National Multiple Sclerosis Society,
The Christopher and Dana Reeves Foundation, the Multiple Sclerosis Research
Foundation and the New Jersey Commission on Traumatic Brain Injury. A grant from
the New Jersey Commission on Science and Technology supports a focus on the critical

areas of gene delivery and differentiation of human embryonic stem cells.
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_ therapy _
retinal degeneration

by Mengaqging Xiang

isual impairment and blindness present a major medical

and public health problem. According to a recent report

released by the Prevent Blindness America organization,

the costs associated with adult vision problems are esti-

mated at $51.4 billion a year in the U.S. More than 10
million people in this country are already blind or visually impaired, and
50,000 more will become blind each year. A leading cause of visual impair-
ment is age-related retinal degeneration. As people today are generally
healthier and live longer than before, and baby boomers are getting older (the
U.S. Census Bureau estimates the number of persons aged 65 years and over
will increase from 35 million in 2000 to 70 million in 2030), age-associated
vision problems will inevitably increase their share of demands on the already
burdened health system. Because of the current lack of effective treatment of
degenerative retinal diseases, stem cell-based therapy provides a promising
approach that may restore and sustain retinal function and prevent blindness,
thus holding great hope for many people.
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The retina is a very thin layer
of light-sensitive neural tissue lin-
ing at the back of the eyeball. It is
composed of six classes of neu-
rons and one type of glial cell that
are interconnected in a highly
organized laminar structure (Fig.
1A). The rod and cone photorecep-
tor cells reside in the outer nuclear layer; the horizontal, bipolar, and amacrine
interneurons plus the Mller glial cells in the inner nuclear layer; and the gan-
glion and displaced amacrine cells in the ganglion cell layer. The major
function of the retina is to convert light signals detected by photoreceptors
into electrical pulses, which are then sent to the brain through the optic nerve
derived from projecting axons of the ganglion cells. Any loss and damage of
the various retinal cell types would disrupt the normal transmission of nerve
signals and lead to impaired vision. Age-related macular degeneration
(AMD), a leading cause of vision loss in Americans over age 65, results from
gradual degeneration of the central part of the retina called the macula, which
allows us to see in fine detail. Thus AMD causes blurry central vision that
may progress to form blind spots, which may affect any of the common daily
activities, such as reading and driving, of independent living. Retinitis pig-
mentosa is a group of hereditary retinal disorders that cause the retina to
deteriorate over time, producing gradual degeneration of the light-sensing
rods and cones, resulting in vision loss and blindness. Glaucoma leads to




Figure 1.

(A) Schematic of the retinal structure. (B,C) Misexpression of Foxn4 in mouse retinal progenitors
promotes the differentiation of amacrine cells located within the inner retina (green, C) whereas
the control retina generates mostly photoreceptor cells in the outer retina (green, B). (D-F)

Mouse ES cells can be induced to form retinal progenitor cells (D, yellow) which are able to
differentiate into cone cells (E, pink) and other retinal neurons (F, green).

vision loss by causing degeneration of ganglion cells, another retinal cell
type. These cells are the sole output neurons in the retina and form the optic
nerve essential for conveying light signals to the higher visual system. At pres-
ent, some of the degenerative retinal disorders can be treated by medication or
surgery with limited success. However, there is no cure yet.

Stem cells are characterized by self-renewal and the multipotentiality to
make all of the cell types of the tissue of their origin. These properties make
them better candidates for cell replacement treatment for a multitude of degen-
erative diseases including retinal degeneration. Efforts have been made in the
past several years to derive mammalian retinal stem cells from embryonic stem
(ES) cells and postnatal and adult eyes. When treated with proper growth fac-
tors and signaling molecules, both human and mouse ES cells can be induced
to form retinal progenitor cells (Fig. 1D). These cells are able to differentiate
into different cell types, including ganglion, amacrine, photoreceptor, bipolar
and horizontal cells (Fig. 1E,F), and integrate into normal and degenerating
mouse retinas, albeit at very low frequency. Despite the lack of regenerative
capacity by the adult mammalian retina, retinal stem cells have also been iso-
lated from the pigmented ciliary margin of postnatal and adult mouse and
human eyes. These adult retinal stem cells display properties similar to those of
ES-derived retinal progenitor cells.

A major obstacle to developing a
stem cell-based therapy for degenera-
tive retinal disorders is the poor
integration and differentiation of retinal
stem cells transplanted into recipient
retinas. One area of our research focus-
es on identifying both intrinsic and
extrinsic regulatory factors that play a
role in determining and specifying var-
ious retinal cell types. These factors
may someday be used to direct the dif- by
ferentiation of retinal stem cells toward
desired cell types lost in recipient
patients, hence achieving controlled retinal regeneration. Thus far, we have
identified and characterized a number of transcription factors (e.g. Brn3b,
Math5, Foxn4 and Ptfla), which are DNA-binding proteins regulating RNA
expression, involved in retinal development. Brn3b and Math5 are required for
ganglion cell development — fate specification and differentiation depend on
Brn3b while Math5 confers the progenitors with the competence of ganglion
cell production. Genetic ablation of both genes in mice results in a great gan-
glion cell loss, whereas their overexpression in retinal progenitors promotes
ganglion differentiation in mouse and chick models. Foxn4 is required by reti-

Y ufang

nal progenitors to establish the competence state for the generation of amacrine
and horizontal cells and Ptfla for fate determination of these two interneuron
types. Targeted inactivation of Foxn4 in mice causes the loss of most amacrine
cells and the elimination of horizontal cells, while its overexpression strongly
promotes an amacrine cell fate (Fig. 1B,C). This type of research on the basic
mechanisms of retinal cell development is expected to identify candidate
molecules useful for stimulating the differentiation and integration of trans-
planted retinal stem cells.

The ultimate outcome of many retinal degenerative diseases is the degen-
eration of all retinal cell types even though the degeneration may be initiated
only from photoreceptor or ganglion cells. Therefore, depending on the
progression of degeneration, it may well be necessary to consider regeneration
of all neuron types in retinal cell replacement treatment. We will next apply our
current knowledge about retinal developmental regulators to direct differentia-
tion of inner retinal cell types from mouse stem cells. We plan to test the ability
of various intrinsic and extrinsic factors, such as Brn3b and Foxn4, to induce
the differentiation of ganglion, amacrine and horizontal cells from embryonic
and adult retinal stem cells. These stem cells will be treated with signaling
molecules or expressed with various transcription factors to facilitate the
differentiation of stem cells toward a particular type such as ganglion cells.
These “sensitized” retinal stem cells will then be transplanted into mouse
models of retinal degeneration to investigate their potential for differentiation
and integration. The knowledge gained from these studies promises to improve
stem cell-based therapies for successful future treatment of degenerative retinal
diseases such as glaucoma, thereby fulfilling the hope of millions of the visu-
ally impaired to see a bright and colorful world.

Mengqging Xiang is a professor at the Center for Advanced Biotechnology and
Medicine and Department of Pediatrics, UMDNJ-Robert Wood Johnson Medical
School. He earned his PhD degree from the University of Texas M.D. Anderson
Cancer Center and conducted his postdoctoral studies at the Johns Hopkins
University School of Medicine. His work on the molecular mechanisms of neural
development and diseases has been funded by various federal, state and private
agencies including the National Institutes of Health, March of Dimes Birth Defects
Foundation, Alexandrine and Alexander L. Sinsheimer Fund, New Jersey
Commission on Spinal Cord Research, and New Jersey Commission on Science and

Technology.

Immune

Nitric Oxide and Chemokines Act in Concert to Mediate
Immunosuppression by Mesenchymal Stem Cells

S h i

esenchymal stem cells (MSCs) are adult stem cells that
exist in various tissues and are believed to supply new
cells for the repair and remodeling of damaged or aging
tissues. In laboratory settings, MSCs are most often iso-
lated from bone marrow for study. These cells can
develop into several types of tissues, including cartilage, bone, muscle and adi-
pose tissue. Most importantly, MSCs have been shown to be able to turn off
immune responses in various situations, including autoimmune disease and
organ transplantation. However, the mechanisms by which MSCs suppress

continued on page 10
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continued from page 9

immune responses have not been clearly defined. An article we published in

the journal Cell Stem Cell describes how specific inflammation factors, called

cytokines, can activate MSCs and make them produce nitric oxide and
chemokines, protein factors that specifically attract immune cells. The con-

certed action of the nitric oxide and chemokines accomplishes the mission of
immunosuppression. Using a mouse model of graft-versus-host disease
(GVHD) and MSCs from mice that lack the enzyme that makes nitric oxide or
are non-responsive to certain inflammatory cytokines, our group showed that
this mechanism orchestrates the suppression of immune reactions causing
GVHD. Our findings allow a better understanding of the immunosuppression
mediated by MSCs, and should lead to more efficient use of these adult stem
cells in therapeutic context.

Stem cells have two distinct characteristics that distinguish them from other
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cell types. Firstly, they are unspecialized and can renew themselves for long
periods without significant changes in their general properties. Secondly,
under certain physiologic or experimental conditions, stem cells can be
induced to differentiate into various specialized cell types. Thus, stem cells

hold great promise for regenerative medicine in the treatment of many dis-
eases. There are two major types of stem cells: embryonic stem cells and
adult stem cells. Embryonic stem cells are the most primitive and pluripotent
cell type, with the potential to differentiate into a wide variety of specialized
cell types. On the other hand, adult stem cells are more differentiated than
embryonic stem cells, but still can give rise to a number of specialized cell
lineages. In some adult tissues, such as bone marrow, muscle, fat and brain,
discrete populations of adult stem cells generate replacements for cells that
are lost through normal aging, injury, or disease. Most studies of adult stem
cells have used hematopoietic stem cells derived from bone marrow, periph-
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eral blood or umbilical cord blood, although stem cells have also been
obtained from many other tissues, even tumors. Only recently have mes-
enchymal stem cells (MSCs) attracted the attention of basic and clinical
investigators. These adherent stromal MSCs are derived from many tissues,
particularly bone marrow, and can be expanded in culture to generate differ-
entiated progeny in response to a variety of in vitro protocols.

MSCs are low in frequency in the bone marrow; plating studies indicate
that MSCs represent perhaps 0.001% to 0.01% of the nucleated cells, approx-
imately ~ 10-fold  less
abundant than hematopoi-
etic stem cells (HSCs).
The most important prop-
erties of MSCs are their
readiness to grow in cul-
ture and their ability to
suppress the immune sys-
tem. Unlike embryonic
stem cells, MSCs do not b
trigger immune rejection;
instead, they actively
mediate immune tolerance in recipient hosts. Thus, MSCs may be very use-
ful in organ transplantation and the treatment of immune disorders. Due to
their easy accessibility and handling, and their multi-lineage potential, stud-
ies of MSCs are now progressing rapidly. In fact, cultured MSCs are
demonstrating great promise clinically, having already been infused into
human subjects for safety studies and for early clinical testing to support
bone marrow transplantation, and for the treatment of diseases like graft-ver-
sus-host disease (GVHD), osteogenesis imperfecta, and glycogen storage
disease. It has also been reported that MSCs preferentially localize at tissue
sites with damage or a wound, implying potential targeting of pathological
sites.

Funded by stem cell grants from the New Jersey Commission on
Science and Technology, scientists in our group, including graduate student
Guangwen Ren, research and teaching specialist Dr. Gaungwu Xu and Dr.
Liying Zhang, and others, have recently published an article in Cell Stem Cell
(Volume 2:141-150, 2008), revealing the molecular mechanisms underlying
the immunosuppressive effect of bone marrow-derived MSCs in mice. They
used clonal bone marrow MSC lines, and combined a series of in vitro assays
to demonstrate that T cell proliferation and cytokine production could be
blocked by MSCs. This immunosuppressive effect of MSCs is not innate, but
rather is stimulated by IFN-y and at least one of three inflammatory cytokines

y B iagio S aitta

(TNFa, IL-1a., or IL1-,). These combinations of cytokines induce MSCs
to express inducible nitric oxide synthase (INOS) and result in production of
very high levels of NO, which suppress T cell responses. On the other hand,
the same inflammatory cocktails also induce MSCs to secrete multiple
chemokines. Our team suggests that this effect is likely responsible for the
observed migration of activated T cells towards the treated MSCs. This
cytokine-induced immunosuppression was absent in MSCs derived from
iINOS™- or IFNYR1~ mice. Blockade of chemokine receptors also abolished
the immunosuppression. Administration of wild-type MSCs, but not
IFNle'/' or iNOS™- MSCs, prevented graft-versus-host disease in mice, an
effect that was reversed by anti-IFNy or iNOS inhibitors. Wild-type MSCs
also inhibited delayed-type hypersensitivity, while iNOS7- MSCs aggravated
it. Therefore, proinflammatory cytokines are required to induce immunosup-
pression by MSCs through the concerted action of chemokines and NO.
These studies provide important insight into the pathways responsible for the
therapeutic benefit observed in some cases of MSC transfusion. With a better
handle on the mechanisms involved in MSC-mediated effects, therapies can be
tailored to a given clinical situation such as cancer, heart disease, multiple scle-
rosis, type | diabetes, rheumatoid arthritis, systemic lupus, severe combined
immunodeficiency syndrome, Parkinson’s disease, and spinal cord injury.

Yufang Shi, PhD, joined UMDNJ-Robert Wood Johnson Medical School faculty in 2001
as a University Professor. His major research interest is to understand the mechanisms
through which the immune system is regulated and to apply this knowledge in the treat-

ment of autoimmune disorders, cancer and infections.

FOR FURTHER INFORMATION, PLEASE VISIT OUR WEBSITE AT WWW.UMDNJ.EDU

mesenchymal stem cells

regenerative

he evolving field of “regenerative medicine” utilizes stem cells

as a strategy to repair damaged tissue and preserve or regain

function. Stem cells can be isolated from either adult or

embryonic tissue and differ in their capacity to differentiate

into multiple cell lineages. Mesenchymal stem cells (MSCs)
are known to migrate to some tissues, particularly when injured or under
pathological conditions, making these cells attractive for a number of thera-
peutic applications. Our research team has focused on isolating,
characterizing and propagating MSCs from low volumes of umbilical cord
blood (UCB), and on understanding molecular mechanisms involved in tis-
sue repair of these adult stem cells.

Adult MSCs are multipotent, fibroblast-like cells that were first
described in the mid-1970s, and were found in bone marrow as precursors of
non-hematopoietic tissue. Cultured bone marrow MSCs have been trans-
planted in children with osteogenesis imperfecta (Ol), a disease causing bone
fractures and fragility. Reduced bone fractures and increased bone density
were reported to be found when MSCs were engrafted into the defective
bone. MSCs have also been isolated from other adult tissues, including adi-
pose tissue, placenta, cord stroma, peripheral blood, and UCB. We obtained
UCB samples from the New Jersey Cord Blood Bank (NJCBB), a facility

continued on page 12
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housed  within  the
Coriell Institute, where
stem cell-rich cord
blood is collected and
distributed for trans-
plantation and research.
UCB is collected at
birth from male and

female infants from a

Figure 1. Morphology of distinct umbilical cord blood (UCB) derived mesenchymal stem cells (MSCs) and microarray
expression analysis of UCB1, UCB2 and bone marrow-MSCs.

varied ethnic popula-
tion, whose parents have

Left panels. Phase contrast microscopy images of the UCB1 (A) and UCB2 (B) MSC populations isolated from the same

L TO R) BIAGIO SAITTA, PHD, ASSOCIATE PROFESSOR, DEPARTMENT OF MEDICINE,
UMDNJ-ROBERT WOOD JOHNSON MEDICAL SCHOOL, CAMDEN; VLADIMIR MARKOV, MD,
RESEARCH ASSOCIATE; SHIRIN MODARAI, MS, LABORATORY TECHNICIAN

colony-forming ability,
and helped clarify the
heterogeneity observed
in these cells.

Since MSCs can
differentiate into sev-
eral cell types, and
have less immune-
related issues, they
have been used in a
number of preclinical

UCB unit are shown. Magnifications are 40x and 200x. Right panels. A Venn diagram is shown, representing the distribution

provided informed con-

of 2,085 gene probe sets on a human gene expression microarray (HG-U133A). (B) Heatmap display of mean-centered and and

clinical trials,

standardized gene expression patterns. The patterns were detected by hierarchical clustering of 290 probe sets differen-

sent prior to donation.

tially expressed between UCB1, UCB2 and BM-MSCs. The relative levels of gene expression are depicted with a color scale

including treatment

where red represents the lowest level, and green, the highest level, of expression (Modified from Markov et al., 2007).

MSCs in culture dishes
form adherent colonies,

are self-renewing, and can differentiate into mesodermally-derived tissues,

including cartilage, bone, fat and muscle. We were able to identify distinct
types of genetically identical MSCs from UCB and comprehensively charac-
terize their gene expression profiles. In collaboration with Dr. Kenro Kusumi
at Children's Hospital of Philadelphia, these UCB-MSC profiles were com-
pared to bone marrow-derived MSCs (Figure 1). This novel approach
identified unique markers for a stem cell type with higher growth kinetics and

THE UNIVERSITY OF MEDICINE & DENTISTRY OF NEW JERSEY

for cardiac infarct.

Myocardial infarction
(M), or heart attack, is a major cause of morbidity and mortality world-
wide. Each year, about 1.1 million Americans suffer from an acute Ml,
causing an average of 460,000 deaths per year, according to the American
Heart Association. Heart attacks occur when heart muscle is deprived of
oxygen. Deprivation results from blockage in blood vessels (coronaries),
components normally supplying the heart with blood. Heart
tissue responds to damage by scarring and fibrosis, resulting in loss of func-




continued from page 13

ferentiate into a wider array of mature cell

types with minimal coaxing.

The Promise of Stem Cells

The last century has witnessed striking
advances in the treatment of disease.
Numerous pharmacological agents have
been produced that ease suffering and pro-
long life, but these interventions do have
limitations. Drugs have to be administered
frequently, and achieving proper dosing Figure 1.
can be challenging. Targeting specific

Cells migrating from an explant of human amnion form the basis of a

-
(L TO R) AKIVA MARCUS, PHD, MD/PHD PROGRAM, UMDNJ-ROBERT WOOD JOHNSON MEDICAL
SCHOOL (RWJMS); DALE WOODBURY, PHD, ASSISTANT PROFESSOR, DEPARTMENT OF NEUROSCIENCE

AND CELL BIOLOGY, RWJIMS; KATHLEEN REYNOLDS, BS, RESEARCH TEACHING SPECIALIST;
AND THOMAS COYNE, PHD, MD/PHD PROGRAM, RWJMS

The Ira B. Black Center for Stem Cell
Research (IBBCSCR)

The Stem Cell Research Center at UMDNJ-
Robert Wood Johnson Medical School was
established in June 2002. Its mission, under
the direction of Dr. Ira Black, was to provide a
research environment for the investigation of
stem cell plasticity. To date, the Center has
supported the studies of medical fellows, post-
doctoral fellows, medical students and
MD/PhD students. Undergraduate students
from neighboring Rutgers University have

population that can be greatly expanded in culture. Stem cells from

organs is difficult, and disconcerting side-
. based therapies.

effects can result. For some disorders,

viable pharmacologic approaches simply

don’t exist. These constraints have generated interest in stem cell-based
therapies that may treat diseases in novel ways and bypass some or all of
these limitations. However, before stem cells can be used in the clinic,
fundamental questions concerning potency, efficacy and safety must be

addressed through basic research.

THE UNIVERSITY OF MEDICINE & DENTISTRY OF NEW JERSEY

amnion and other extra-embryonic tissues may play a role in future cell-

also studied here. Following Dr. Black’s death
in January 2006, the Center was renamed in
recognition of his pioneering efforts to
advance stem cell research in the State of New Jersey. The Center continues
to provide a fertile training environment for future scientists.

Research at the IBBCSCR examines the potency, or plasticity, of
diverse stem cell populations. Our initial studies examined the plasticity
of marrow stromal cells (MSCs) in vitro and in vivo. MSCs can be isolated
from adult animals and traditionally have been considered stem cells for
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stromal cells are co-cultured with normal hematopoietic stem cells (Figure
2). It has been observed that the quiescent and more primitive hematopoiet-
ic cells preferentially locate within the adherent stromal layer, whereas the
cells that migrate to the surface of the layer show increased proliferation and
maturity and are then shed into the medium. Preliminary analysis of this
MCL cell population demonstrates that these clusters contain self-renewing

]
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DANIEL MEDINA, PHD, ASSISTANT PROFESSOR OF MEDICINE, UMDNJ-ROBERT WOOD JOHNSON
MEDICAL SCHOOL (RWJMS) AND THE CANCER INSTITUTE OF NEW JERSEY (CINJ)
AND TULIN BUDAK-ALPDOGAN, MD, ASSOCIATE PROFESSOR OF MEDICINE, RWJMS AND CINJ

understanding the pathways involved in maintenance of MCL-SC and their
interaction with the microenvironment has significant translational potential
for diagnosis, prognosis and therapeutic development. Thirdly, the in vitro
and in vivo systems being developed will serve as “second generation” pre-
clinical screens for therapeutic agents. A model such as this, based on
patient derived samples in conjunction with a system to study drug effects

THERE IS INCREASING EVIDENCE THAT MANY CANCERS CONTAIN A SMALL SUBSET OF CELLS WITH STEM
CELL-LIKE PROPERTIES, OFTEN REFERRED TO AS CANCER STEM CELLS (CSCs).

cells with the chromosomal translocation t(11; 14)(q13; g32) characteristic
of MCL, yet have a unique immunophenotype, including the HSC marker
CD133. The expression of CD133 and capacity for self-renewal are present
only in the very small subset (approximately one in a million) of MCL cells
that form CAFCs. In addition, our studies demonstrate that these cells have
the ability to engraft NOD/SCID mice and produce MCL similar to samples
originally obtained from patients. Thus, these rare CD133+ cells have many
of the features of CSCs.

Our research has three potential areas of impact. First, it will provide a
powerful model to identify how MCL-SC-stromal interactions affect MCL
pathogenesis, a process still poorly understood for this disease. Secondly,

THE UNIVERSITY OF MEDICINE & DENTISTRY OF NEW JERSEY

on MCL-SC, more closely resembles the human disease and may yield more
accurate and effective therapeutic information that will be immediately
translated into clinical trials at CINJ.

Daniel J. Medina is an assistant professor of medicine at UMDNJ-Robert Wood
Johnson Medical School (RWJMS) and The Cancer Institute of New Jersey (CINJ).
He received his PhD from the University of Rhode Island, followed by postdoctor-
al training at Yale School of Medicine. He joined the RWJMS faculty in 1995. His
research is supported by a grant from the New Jersey Commission on Science and
Technology - Stem Cell Research Grants and by the Century for the Cure Bike Ride.

He works with a research team that includes Roger Strair, MD, PhD, professor of
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Figure 1.

A. Chromosomes are arranged into
a ring-like (rosette) array at
prometaphase. B. Chromosome
end-to-end fusion causes chromo-
somes to stretch (arrow) and break
during anaphase. C. Late anaphase
showing chromosomes fused at their
telomeric ends (pink dots and arrow)
still bridging the gap between
daughter nuclei. D. Prometaphase
chromosome rosette of genomically
abnormal (aneuploid) cell showing
three copies of chromosome 8.

Figure 2.
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An example of a spectral karyotype
is arranged in the same form as the
traditional G-band karyotype. It
provides two views of each chromo-
some. The inverted DAPI
(diaminophenylindole) chromosome
image to the left provides a view of
the overall chromosome morphology
that is similar to G-banding. The
classified color chromosome image
to the right indicates the chromo-
some homology assigned by the
spectral karyotyping program.
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them first to be isolated from surrounding cells and then coaxed to undergo
extensive proliferation in a cell culture environment (ex vivo expansion) in
order to generate numbers of these cells that are clinically useful. However,
unlike ESCs, MSCs grown in culture undergo “in vitro aging” — they are
subject to the Hayflick limit of roughly 50 mitotic divisions and then lose
their ability to replicate further, achieving a quiescent state referred to as
cell senescence. Since a major trigger that drives cells into senescence is
DNA damage, this suggests that MSCs in long-term cell cultures are
becoming progressively more genomically unstable — of course, an unde-
sireable feature for cells that we intend to inject into patients. One type of

DNA damage that potently induces senescence is the aging-dependent
shortening of telomeres. Telomeres are long stretches of DNA that cap the
free ends of chromosomes and are now thought to serve as the “cell aging
clock.” They shorten with each mitotic division — making our telomeres
progressively shorter as we age. Eventually, one or more telomeres
become critically short and dysfunctional, and these are recognized as
DNA damage. Attempts to repair such damage can lead to chromosome
end-to-end fusions, which disrupt chromosome segregation during subse-
quent mitoses and cause genomic instability, including chromosome



breakage and numerical aberrations (aneu-
ploidy) that are potentially tumorigenic.

Unfortunately, there is a danger that by the
time sufficient numbers of MSCs have been
generated for infusion into patients, the cell
population may contain a significant number of
senescent cells as well as some genomically by
unstable cells that have somehow managed to
bypass senescence. Although the fate of these
cells after injection into patients is unknown, a recent study has shown that
human MSCs derived from adipose tissue can undergo spontaneous trans-
formation after long-term culture and may be prone to malignant
transformation. This same phenomenon has been observed in mouse
MSCs. These findings emphasize the need for accurate studies that will
document the bio-safety of these cells before their infusion into patients,
especially in immune-compromised patients whose status might favor the
development of tumors.

The goal of our collaborative study is to gain a thorough understand-
ing of how ex vivo expansion of MSCs can affect their stemness (i.e.,
ability to act as stem cells), genomic stability, and proliferation and dif-
ferentiation capacity. We are evaluating the genomic stability of MSCs at
selected intervals during ex vivo expansion. This evaluation includes iden-
tification of abnormal and senescent cells and determination of
chromosomal abnormalities in MSCs by G-banding, fluorescence in situ
hybridization using chromosome-specific paint probes and spectral kary-
otyping (SKY). In addition, the effects of prolonged culture on telomere
length at the single cell and individual telomere level in MSCs will be
determined by quantitative image analysis. We are also investigating the
effects of ex vivo expansion of MSCs on their chromatin organization. We
predict an enrichment of acetylated histone H3 (acH3) on the proximal
promoter regions of genes involved in maintaining the stem cells in their
undifferentiated state (called “stemness genes”). We are testing whether
MSCs at later culture passages show a reduction in the number of stem-
ness gene promoters that show acH3 enrichment, and are also checking to
see if these epigenetic changes coincide with alterations in the differenti-
ation potential of MSCs and expression of their stemness genes. Lastly, it
is essential to make sure that MSCs, after completing extensive growth in
cell cultures, still retain their proliferation and differentiation capacity. To
this end, we are measuring the ability of single MSCs to proliferate and
form cell colonies and testing their ability to differentiate toward adi-
pogenic, osteogenic and chondrogenic lineages. Our goal is to shed some
light on genetic and phenotypic changes that occur in MSCs during their
ex vivo expansion. Once any undesireable changes are identified, it may
be possible to sidestep these changes by altering the ex vivo expansion
procedures, thus further ensuring the safety and effectiveness of MSCs for
therapeutic use.

Robert Nagele is a professor in the Department of Medicine and New Jersey
Institute for Successful Aging at the UMDNJ -School of Osteopathic Medicine
(SOM). He received his PhD in 1980 from Rutgers University and did his post-
doctoral training at Rutgers Medical School. He joined the faculty at SOM in
1983. His research interests are focused on the mechanisms of aging-associated
diseases, especially Alzheimer’s disease and cancer. His work in these areas was
funded by the Alzheimer’s Association, The Governor’s Council on Autism, the
Foundation of UMDNJ and the New Jersey Commission on Science and

Technology.
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Tumor
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lung

Langentfeld

ecent studies have linked the growth of cancer to a specific

population of cancer cells that reside within a tumor. These

specialized cells can form tumors on repeated injections

into nude mice while the remaining cancer cells do not

form tumors. The behavior of these specialized tumor cells
resembles that of stem cells, so they have been named “tumor stem cells.”
This data provides intriguing new insight into how tumors grow and will likely
lead to novel treatment modalities. Present day chemotherapy is designed to
treat the whole tumor. Future tumor therapy may be designed to treat only the
“tumor stem cells.”

Many fundamental questions need to be answered before progress can
be made for therapies targeted against “tumor stem cells.” It is clear that some
tumor cells can initiate tumor growth while others do not. It is not clear if the
tumor-initiating cell population represents one pure population or whether
more than one cell population is present. We do not know whether cancers

Figure 1.

By FACS, GFP expressing cells from the Oct4/GFP cell line were sorted and plated at a single
cell density on glass cover slips. We then examined whether the Oct4/GFP cells differentiated
into a neural lineage. (A) Colonies were immunostained for the neural marker NeuN. The NeuN
expressing cells are red and GFP cells are green. Note: some cells lost GFP expression and
became NeuN positive.

are composed of distinct lineages with different biological activity. It is also
not clear whether more than one population of cells can initiate tumor
growth. Another important question is whether “tumor stem cells” differen-
tiate and, if so, what cell types do they differentiate into. There is evidence
that in brain carcinomas, neural precursors differentiate. However, in other
solid tumors, differentiation needs to be further elucidated.

In my laboratory, we have been studying the “tumor stem cell” popula-
tion in non-small cell lung carcinomas. We found that surface markers used
to identify tumor stem cells in other solid tumors were not helpful in isolat-
ing a homogenous cell population. We have developed, in lung cancer cell
lines, a new method to isolate and study “tumor stem cells.” Our model
utilizes the activity of the embryonic transcription factor Oct4 that is only

continued on page 24
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