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Presentation Notes
Here I will review the efforts of my laboratory, the dept of psychiatry in general, and the larger stem cell community at UT Southwestern to move from correlative to causative studies. Novel mouse model, unpublished and recently published data, movies of how we model these disorders in laboratory animals.
Fike, Limoli, and Raber
Why does running increase ng?
Have we done running before exposure?
What happens to normal mice with running and radiation?
Encinas papers, Kempermann running paper/check email
What would happen ir on 6mon of age, stem cell affect?
JohnFike: Ir, running, perfusion; what if left off the wheel after running and perfuse a week alter. JF also doesn’t think these are stem cells.
What’s the evidence these are stem cells. Neurosphere reliance.
Hammer home that this is in vivo
Lung carcinogenesis /biomarkers might want our animals.
Check involuntary running papers.

Most exciting finding? Stem cells don’t change.
Age if animals
Only xray - be sure to mention BNL run

20 min total: IMPACT OF X-RAY AND 56 FE PARTICLE IRRADIATION ON ADULT NEURAL STEM CELLS IN VIVO De Carolis NA, Ahn HF, Chen B,  Eisch AJ University of Texas Southwestern Medical Center in Dallas. 5323 Harry Hines Blvd, Dallas, TX, USA The high-LET HZE particles from galactic cosmic radiation (GCR) pose tremendous health risks to astronauts, including cognitive impairment. The neural basis for cognitive deficits is unclear, underscoring the importance of estimating radiation risks to the central nerveous system (CNS) as a whole and brain regions central to memory, like the hippocampus. Given that neural stem cells in the hippocampus have been linked to learning and memory, we investigated the response and recovery of neural stem cells in the adult mouse hippocampal dentate gyrus (DG) after low- and high-LET irradiation using two transgenic mouse lines to label and track adult neural stem cells (nestin-GFP and nestinCreERT2/R26R-YFP mice, respectively). For X-ray irradiation, 6 and 10 week-old and adult nestin- GFP mice were subjected to a single 5 Gy exposure localized to the head and harvested at various time points post-irradiation. For high-LET particle radiation, 8-10 week old nestin-GFP and nestinCreERT2/R26R-YFP mice were subjected to acute 1Gy Fe particle irradiation (1000 and 300 MeV) and harvested at 24 hr, 7d, or 2 mo. Using immunohistochemical staining and modified stereology, we quantified various cell populations in the neurogenic region of the hippocampal DG, including stem-like cells (GFP+, radial glia morphology), proliferating cells (BrdU+), and immature neurons (DCX+). We report that X-ray radiation leads to long term deficits in DG proliferation, as BrdU+ cell number is decreased relative to controls at several time points. In contrast, Fe particle radiation transiently decreases DG proliferation but induces long-term changes in overall neurogenesis, as BrdU+ cell number is decreased at early but not late time points relative to controls, and the proportion of BrdU+ cells that are DCX+ declines at later time points. In addition, we find an effect of age, with 6 week-old nestin-GFP mice showing X-ray-induced decrease in the number of DG stem-like cells, but 10-week old mice showing no decrease. We are currently exploring the effects of chronic, low-dose Fe particle irradiation, which we believe will cause more pronounced deficits in proliferation and neurogenesis and may be associated with cognitive deficits in astronauts. These results highlight the differences between high and low-LET irradiation on the process of adult neurogenesis in the brain, and encourage additional inquiry into the energy- and age-dependent influence of radiation on stem cells and cognitive function.      Contact: Amelia Eisch  Psychiatry Department of the University of Texas Southwestern Medical Center in Dallas. 5323 Harry Hines Blvd, Dallas, TX, USA 75390-9070 Phone: +1 214 648-5549; Fax: +1 214 645 9549 e-mail: amelia.eisch@utsouthwestern.edu


Bad news:
Radiation inhibits brain structure, function

Overt cell loss

Decreased learning and memory
Decreased motor functioning
Imaging abnormalities

Clinical implications:
- Better treatment for cancer results in deficits later in life

- Enhanced susceptibility to neurodegenerative and
neuropsychiatric disorders?



Radiation can decrease hippocampal function

Morris Water Maze

Test spatial memory

Craig Powell
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Presentation Notes
Deficits in hippocampal function have been reported in a variety of psychiatric disorders, and an exhaustive list is not warranted here.  
For purposes of examples, patients diagnosed with PTSD,  depression, addiction and schizophrenia all have been reported to have hippocampal-related cognitive deficits, such as memory loss, as well as alterations in affecct and emotion.
Research suggests that the psychiatric disorders are also associated with alterations in hippocampal structure.
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Any good news?

« Can we prevent the damage?
+ Shielding from space radiation
- Missions will be long

« Can we diminish or repair the damage?
+ Brain is remarkably resilient or “neuroplastic”
+ Might be able to rebound from limited radiation exposure

- What about extended radiation exposure?
- Is there a non-invasive way to diminish or repair damage?



“...nerve paths are
something fixed, ended,
Immutable.

Everything may die,
nothing may be regenerated.”

Santiago Ramon y Cajal
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Cajal, 1913–14 Cajal, S.R., 1913–14. Degeneration and Regeneration of the Nervous System, Translation by R.M. May, 1928. Oxford University Press, London.


The adult mammalian brain
gives rise to new cells with neurogenic potential

e Rat

— Altman & Das (Nature 1965)
— Kaplan & Hinds (Science 1977)

e Primate

— Gould et al. (PNAS 1998)

Santiago Ramon y Cajal — Kornack and Rakic (PNAS
1999)

e Human
— Eriksson et al. (Nat Med 1998)




To harness adult neurogenesis
for regenerative medicine,
we have to understand it

e Rat

— Altman & Das (Nature 1965)
— Kaplan & Hinds (Science 1977)

e Primate

— Gould et al. (PNAS 1998)

— Kornack and Rakic (PNAS
1999)

e Human
— Eriksson et al. (Nat Med 1998)



Presenter
Presentation Notes
So let me tel you what we know and what we still DON’t know, and how my lab is working to advance our understanding of ang


Adult neurogenesis =
repair the injured brain, spinal cord?

 Regenerative medicine
— Alzheimer’s disease
— Parkinson’s disease
— Spinal injuries




Adult neurogenesis =
insight to memory?

« Regenerative medicine
— Alzheimer’s disease
— Parkinson’s disease
— Spinal injuries

Normal brain function
— Understanding memory




Radiation can decrease and spatial learning can
Increase hippocampal function, neurogenesis

Morris Water Maze
Test spatial memory

Correlative or
causative?

Craig Powell
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Presentation Notes
Deficits in hippocampal function have been reported in a variety of psychiatric disorders, and an exhaustive list is not warranted here.  
For purposes of examples, patients diagnosed with PTSD,  depression, addiction and schizophrenia all have been reported to have hippocampal-related cognitive deficits, such as memory loss, as well as alterations in affecct and emotion.
Research suggests that the psychiatric disorders are also associated with alterations in hippocampal structure.


Adult neurogenesis =
Insight to mental illness?

Regenerative medicine
— Alzheimer’s disease

— Parkinson’s disease

— Spinal injuries

Normal brain function
— Understanding memory

Neuropsychiatric disorders
— Depression, addiction, stress




Radiation and addiction
both decrease adult
hippocampal function,
neurogenesis

Animal model of addiction: i.v. drug
self-administration

Drug-context associations
Active vs. inactive lever press

Compulsive drug taking

Intravenous cocaine

3 hr into 4 hr session

Back mount for i.v. catheter entry
Head mount for i.c.v. cannula

Diana Simmons



If we understand adult
neurogenesis,
we are better prepared
to understand
(and maybe repair or prevent)




Subgranular zone (SGZ) of the
hippocampus is one of two sites of
adult neurogenesis




BrdU labels actively dividing SGZ cells

Molecular

Maturatfion

A o & :
Type-1 Type-2 Type-3 Newborn Immature Mature o
neuron neuron  granule cell . . .
neuron Proliferation Survival

Eisch et al., J Neurosci, 2008



Visualization of adult hippocampal neurogenesis

Critical for
allowing
assessment
of irradiation
on SGZ
neurogenesis
IN VIVO

NeuN (neuron)
Michael Donovan GFAP (astrocyte)




X-irradiation decreases BrdU+ cells
(SGZ proliferation)
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48h after exposure, 8-10 weeks of age at IR
Nathan DeCarolis



°SFe particle irradiation (space radiation)
decreases BrdU+ cells (SGZ proliferation)

Nathan DeCarolis



To really measure the process of hippocampal
neurogenesis, we need to move “beyond BrdU”

Molecular

Maturatfion
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Eisch et al., J Neurosci, 2008



Utilize markers, morphology to identify
different stages of neurogenesis

Molecular

Maturation

Nestin
BrdU

DCX
(Doublecortin)
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neuron neuron  granule cell
neuron

Eisch et al., J Neurosci, 2008



How does radiation influence the process
of neurogenesis?
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Cranial X-ray irradiation inhibits neurogenesis
In the adult rat hippocampus
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What about the stem cells?

Molecular

Nestin

Are neural stem cells
susceptible
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Eisch et al., J Neurosci, 2008



Visualize neural stem cells In vivo:
nestin-GFP transgenic mouse

« EXxpresses Green Fluorescent Protein (GFP)
constitutively under nestin promoter

ewborn Immature Mature

neuron neuron  granule cell
neuron
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In order to examine proliferation in this model, we were lucky to have available to us, nestin-GFP transgenic mice - which were a gift from Masahiro Yanaguchi, Japan
Nestin - 
First make sure in these mice that fluox increased proliferation

Fig 12. Immersion-fixation does not impede immunostaining or morphological analysis of SGZ precursors. Immersion-fixed hemispheres from 6-7 week old nestin-GFP mice were sectioned and processed for triple-labeling IHC against antibodies for DCX/BrdU/GFAP (a-c, merged in d) or GFP/BrdU/PCNA (e-g, merged in h). The SGZ from two animals are depicted via confocal microscope images from a single Z slice (0.5 m). Morphological details evident in perfused brains were easily evident in immersion fixed brains; note the staining of fine processes in DCX, GFAP, and GFP IHC (a,c, and e respectively) and the punctate BrdU staining (f). We found IHC after immersion fixation to be indistinguishable from perfused tissue. Scale bars = 10 m (d applies to a-d; h applies to e-h).


Morphological analysis of Type 1 cells is critical
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In order to examine proliferation in this model, we were lucky to have available to us, nestin-GFP transgenic mice - which were a gift from Masahiro Yanaguchi, Japan
Nestin - 
First make sure in these mice that fluox increased proliferation

Fig 12. Immersion-fixation does not impede immunostaining or morphological analysis of SGZ precursors. Immersion-fixed hemispheres from 6-7 week old nestin-GFP mice were sectioned and processed for triple-labeling IHC against antibodies for DCX/BrdU/GFAP (a-c, merged in d) or GFP/BrdU/PCNA (e-g, merged in h). The SGZ from two animals are depicted via confocal microscope images from a single Z slice (0.5 m). Morphological details evident in perfused brains were easily evident in immersion fixed brains; note the staining of fine processes in DCX, GFAP, and GFP IHC (a,c, and e respectively) and the punctate BrdU staining (f). We found IHC after immersion fixation to be indistinguishable from perfused tissue. Scale bars = 10 m (d applies to a-d; h applies to e-h).


Visualization of Type 1 stem-like cells in the
adult hippocampal SGZ

TO-PRO3

nestinGFP transgenic mouse
Nathan DeCarolis
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Presentation Notes
Used GFP+, morphology, describe approach and how you know you can do this consistently…


Two-photon
visualization of
Type 1 stem-like
cells in the adult

mouse
hippocampus

Juan Varela, David Petrik


Presenter
Presentation Notes
Why is in vivo important? Likely you will have addressed this in an earlier slide.


Are the number of Type 1 cells
changed after X-ray irradiation?

TO-PRO3

nestinGFP transgenic mouse
Nathan DeCarolis
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Used GFP+, morphology, describe approach and how you know you can do this consistently…


X-irradiation decreases BrdU+ cells
(SGZ proliferation)

C
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X-ray irradiation does not change the number
of Typel SGZ cells
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Long-lasting inhibition of
BrdU-labeled cells in SGZ
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What about Type 1 SGZ cells?
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Type 1 SGZ cell number is also unchanged
8 weeks post-irradiation
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Mouse inflammation assessment: 1 sxn from each CD68 2d&8d. Following this up. Viral infusion lots of CD68.


If the Type 1 putative stem cells are there
after irradiation, can they replace the
depleted population of progenitors and
restore neurogenesis?

ewborn Immature Mature

neuron neuron  granule cell
neuron
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Used GFP+, morphology, describe approach and how you know you can do this consistently…


If the Type 1 putative stem cells are there
after irradiation, can they replace the
depleted population of progenitors and
restore neurogenesis?

Voluntary exercise stimulates neurogenesis
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Used GFP+, morphology, describe approach and how you know you can do this consistently…


If the Type 1 putative stem cells are there
after irradiation, can they replace the
depleted population of progenitors and
restore neurogenesis?

Voluntary exercise stimulates neurogenesis

Lagace et al., 2007


Presenter
Presentation Notes
Used GFP+, morphology, describe approach and how you know you can do this consistently…


Does voluntary exercise change
Type 1 SGZ cell number?

BrdU

l 2 hr before

A o &
Type-1 Type2 Type-3 Newborn Immature Mature

neuron neuron  granule cell
neuron
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Used GFP+, morphology, describe approach and how you know you can do this consistently…


Voluntary running increases proliferation (BrdU+)
but does not alter the number of Type 1 SGZ cells
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Used GFP+, morphology, describe approach and how you know you can do this consistently…


Running ameliorates the irradiation-induced
proliferation deficit
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Mouse inflammation assessment: 1 sxn from each CD68 2d&8d. Following this up. Viral infusion lots of CD68.


How iIs the brain influenced by
radiation?

Decreased hippocampal neurogenesis
No change in hippocampal stem cells

...and what can we do about it?

Stimulate stem cell division?  Exercise Hippocampal learning
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Fike, Limoli, and Raber
Why does running increase ng?
Have we done running before exposure?
What happens to normal mice with running and radiation?
Encinas papers, Kempermann running paper/check email
What would happen ir on 6mon of age, stem cell affect?
JohnFike: Ir, running, perfusion; what if left off the wheel after running and perfuse a week alter. JF also doesn’t think these are stem cells.
What’s the evidence these are stem cells. Neurosphere reliance.
Hammer home that this is in vivo
Lung carcinogenesis /biomarkers might want our animals.
Check involuntary running papers.

Most exciting finding? Stem cells don’t change.
Age if animals
Only xray - be sure to mention BNL run

20 min total: IMPACT OF X-RAY AND 56 FE PARTICLE IRRADIATION ON ADULT NEURAL STEM CELLS IN VIVO De Carolis NA, Ahn HF, Chen B,  Eisch AJ University of Texas Southwestern Medical Center in Dallas. 5323 Harry Hines Blvd, Dallas, TX, USA The high-LET HZE particles from galactic cosmic radiation (GCR) pose tremendous health risks to astronauts, including cognitive impairment. The neural basis for cognitive deficits is unclear, underscoring the importance of estimating radiation risks to the central nerveous system (CNS) as a whole and brain regions central to memory, like the hippocampus. Given that neural stem cells in the hippocampus have been linked to learning and memory, we investigated the response and recovery of neural stem cells in the adult mouse hippocampal dentate gyrus (DG) after low- and high-LET irradiation using two transgenic mouse lines to label and track adult neural stem cells (nestin-GFP and nestinCreERT2/R26R-YFP mice, respectively). For X-ray irradiation, 6 and 10 week-old and adult nestin- GFP mice were subjected to a single 5 Gy exposure localized to the head and harvested at various time points post-irradiation. For high-LET particle radiation, 8-10 week old nestin-GFP and nestinCreERT2/R26R-YFP mice were subjected to acute 1Gy Fe particle irradiation (1000 and 300 MeV) and harvested at 24 hr, 7d, or 2 mo. Using immunohistochemical staining and modified stereology, we quantified various cell populations in the neurogenic region of the hippocampal DG, including stem-like cells (GFP+, radial glia morphology), proliferating cells (BrdU+), and immature neurons (DCX+). We report that X-ray radiation leads to long term deficits in DG proliferation, as BrdU+ cell number is decreased relative to controls at several time points. In contrast, Fe particle radiation transiently decreases DG proliferation but induces long-term changes in overall neurogenesis, as BrdU+ cell number is decreased at early but not late time points relative to controls, and the proportion of BrdU+ cells that are DCX+ declines at later time points. In addition, we find an effect of age, with 6 week-old nestin-GFP mice showing X-ray-induced decrease in the number of DG stem-like cells, but 10-week old mice showing no decrease. We are currently exploring the effects of chronic, low-dose Fe particle irradiation, which we believe will cause more pronounced deficits in proliferation and neurogenesis and may be associated with cognitive deficits in astronauts. These results highlight the differences between high and low-LET irradiation on the process of adult neurogenesis in the brain, and encourage additional inquiry into the energy- and age-dependent influence of radiation on stem cells and cognitive function.      Contact: Amelia Eisch  Psychiatry Department of the University of Texas Southwestern Medical Center in Dallas. 5323 Harry Hines Blvd, Dallas, TX, USA 75390-9070 Phone: +1 214 648-5549; Fax: +1 214 645 9549 e-mail: amelia.eisch@utsouthwestern.edu


Laboratory of Amelia Eisch
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