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What is regeneration!

Regeneration is the sequence of morphogenetic events that
restores the normal structure of an organ after its partial
or total amputation.
Regeneration in vertebrates:

* amphibians,

* reptiles,

* even mammals (liver)

Regeneration in invertebrates:
* Hydra
* Annelids

* Planaria

http://www.mans.edu.eg/FacSciM/english/

. . courses/zoology/ExEmbryology/
RNA'Seq for the NextGenerathn Iecture11.ppt#265,9,SIid69



http://www.nwabr.org/education/pdfs/STEM_CELL_PDF/
StemCellCurriculumPOWERPOINTS/PlanariaPP.ppt#284,19,Slide 19

What are planarian?

Freshwater flatworms (phylum: Platyhelminthes,
Platys (flat), helmins (worm))

Live in freshwater under leaves and stones
Avoid light (“negative phototaxis”)
Free living — not parasites

Carnivores — eat decaying meat, insects and larvae
(egg YO”(S or Iiver in the Iab) This picture has been released into the public domain.

1-20 mm in size
Long lived
Use sexual or asexual reproduction
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Characteristics

* Bilateral Symmetry
* Dorso-ventrally flattened

* Acoelomate (no body cavity)
* Triploblastic (all 3 tissue layers: ecto-, meso-, and
endoderm)
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Reproduction by budding

Asexual reproduction by transverse fission (budding)
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Growth and “de-growth”
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From Newmark and Sdnchez Alvarado, Nat Rev Genet. 2002

http:/ /www.stemphoenix.org/files/Salvetti_2008_ON_LINE.pdf
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Why study Planarian to learn about
stem cells?

Planarian genome has been sequenced.

Possibility to perform genetic interference /n vivo (RNAI).

dsRNA

b

Neoblasts are the only proliferating cells and they can be
selectively eliminated in alive animals few days after the
treatment with lethal doses of X-rays (30 6y), while
differentiated cells are not affected over the same time period
and with the same X-ray doses: you can directly compare stem
cell less planarians vs wild type animals.

Planarians are easily raised in the lab since they divide rapidly by
spontaneous fission. http://www.stemphoenix.org/files/Salvetti 2008 ON_LINE.pdf
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Why study Planarian to learn about
stem cells!?

* Planarian can grow easily in the lab
* Planarian have an amazing ability to regenerate parts of

themselves
* Planarian regeneration is a great model for demonstrating

stem cell function
P

and complexity of tissue
regeneration

http://www.nwabr.org/education/pdfs/

STEM_CELL_PDF/
StemCellCurriculumPOWERPOINTS/

PlanariaPP.ppt#284,19,Slide 19
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Levels of regeneration

Planarians can regenerate a
complete animal independently
from the cut level and also from a
fragment as small as /279" of

their body

http://www.stemphoenix.org/files/Salvetti 2008 ON_LINE.pdf
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Patterns of regeneration following
diverse cuts
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Figure 13.4 ™~
Patterns of regeneration in the planarian.
(A) When the planarian is cut in half,

the anterior half regenerates a tail end,

and the posterior half regenerates a head

end. (B) A thin slice taken from the

anterior region can regenerate two heads, (B)
a pattern called “Janus-heads” A thin

slice taken from the posterior region can G
regenerate two tails, called “Janus-tails.”
(C) When a T-cut is made where the [ | — [ — ]
head is removed and the stump is split o

part way down its length, two heads
regenerate. Shaded areas represent the

original piece; unshaded areas represent
regenerated portions. —F — T —
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“




Levels of regeneration

Day
Intact 1.5 hrs 1

Kyle Gurley

Slide courtesy of Dr. Sanchez Alvarado and Dr. Kyle Gurley
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Neoblast = Planarian Stem Cell

* 20-30% of all the cells in a planarian
are Neoblasts.

" “Mase® . Neoblasts divide by mitosis and can
' make more of themselves. They are
the only dividing cells in planarian.

* When a planarian is wounded,
neoblasts migrate to the site and
begin dividing.

i, S O Re® ¢ Neoblasts can become ANY cells
Ann. Rev. Cell. Dev. Biol. 20:725-757, 2004 needed fOI" regeneration:
=» nerve cells, flame cells, etc.

http://www.nwabr.org/education/pdfs/STEM_CELL PDF/
StemCellCurriculumPOWERPOINTS/PlanariaPPppt#284,19,Slide 19
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Neoblasts are actively dividing cells

BrdU (bromodeoxyuridine) is
substituted for thymine during DNA
replication. Only dividing cells—in
this case the neoblasts—will show
detectible amounts of BrdU labeling
(green dots on figure).

A. Phagocata sp.
B. Girardia dorotocephala
C. Schmidtea mediterranea dugesia sp.

(Dev. Biol 220: 142-153, 2000) http://www.nwabr.org/education/pdfs/
STEM_CELL PDF/
StemCellCurriculumPOWERPOINTS/
RNA-Seq NextGen PlanariaPPppt#284, 19,Slide 19
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Neoblasts and Stem Cells are

Totipotent
a “Totipotent” Stem Cell
Blood Nerve Skin

http:/ /www.stemphoenix.org/ files/
Salvetti_2008_ON_LINE.pdf

In Humans: Totipotent cells are limited to early
embryonic division

In Planarian: Neoblasts are always present

http:/ /www.nwabt.org/education/pdfs/STEM_CELL_PDF/StemCellCurticulumPOWERPOINTS/
PlanariaPP.ppt#284,19,Slide 19
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Neoblasts are totipotent

Nerve cell
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l.e. Spermatid ’g -(» .

http://planaria.neuro.utah.edu/index.php
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Neoblasts are found in blastema

Neoblasts will move to the wound site and start

proliferating, forming a region known as a blastema where

regeneration will take place.

[ Epithelium

@ Undifferentiated
cells

@Diffcr‘en’riaﬁng

cells

T\ Extracellular
matrix

From Sdnchez Alvarado, BioEssay 2000 (modified)
http:/ /www.stemphoenix.org/ files/Salvetti_2008_ON_LINE.pdf
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Neoblasts are found in blastema

PLANARIAN REGENERATION

) 12-24 hours

From Reddien et al., Developmental Cell. 2005

http://www.stemphoenix.org/files/Salvetti_2008_ON_LINE.pdf
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Neoblasts are found in blastema

REGENERATION BLASTEMA

http:/ /www.stemphoenix.org/files/Salvetti_2008_ON_LINE.pdf
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Neoblasts are found in blastema

Salvetti et al. 2000 Devy. Dyn.

Specific genes are expressed in neoblasts, such as
DjMCM2, which is a neoblast marker

RNA-Seq o ne NextGeneration el ehvl O aEEie e 21



Regeneration requires...
N _g

turning on the right genes at the
right time in the cells that come from
the dividing stem cells (neoblasts).

http://www.nwabr.org/education/pdfs/STEM_CELL_PDF/StemCellCurriculumPOWERPOINTS/PlanariaPP.ppt#284,19,Slide 19
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Get familiar with the animals
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Care and Feeding of Planarian

* The water is very important! Fresh water from a
pond, stream or lake is best; spring water is
adequate.

* Keep cultures in a cool, dark place

* Feed planarian at least once a week, BUT after
cutting them, the cultures should not be fed.

* Change the water twice a week, especially after
feeding.

http:/ /www.nwabt.org/education/pdfs/STEM_CELL_PDFE/
StemCellCurticulumPOWERPOINTS /PlanariaPP.ppt#284,19,Slide 19
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