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What are the ADVANTAGES and PITFALLS of the sea
cucumber model system?

The first studies on sea
cucumber gut regeneration
were done in the early
1900s by Fausta Bertolini
at the Stazione Zoologica

Anton Dohrn in Naples

Bertolini 1932


Presenter
Presentation Notes
In one of her emails Ida asked us to use this 40 minute talk to share with you the Advantages and Pitfalls of our model system.  Our laboratory uses the sea cucumber as the model system, and although we might be the first to apply modern tools to study the regeneration of the digestive tract we are in no way the first to look at intestinal regeneration in sea cucumbers.  In fact like many other regeneration processes  these were studied in the 1930s by Fausta Bertolini in Naples.  What is amazing is that some of the discoveries she made (and painted by hand) are still relevant today
Nonetheless we have advance the studies on this group by showing cellular and molecular events associated with regeneration, and some of these results is what I will be showing you today.



What are the ADVANTAGES and PITFALLS of the sea

cucumber model system’?
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Presentation Notes
However, I do not like to talk about pitfalls so I will talk about the Challenges that face those of us that study, not only sea cucumber regeneration, but regeneration in echinoderms…and we could extend some of these challenges to those who study non-classical model systems.


What are the ADVANTAGES and CHALLENGES of the sea

cucumber model system’?
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However, I do not like to talk about pitfalls so I will talk about the Challenges that face those of us that study, not only sea cucumber regeneration, but regeneration in echinoderms…and we could extend some of these challenges to those who study non-classical model systems.


F Advantage #1- Hundreds of species available for studies
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Advantage #1- there are hundreds of specieds of sea cucumbers.  All are marine and they are usually extremely abundant in most coastal regions.
I show here some of the most attractive ones, although sea cucumbers are not well-known for their looks.  


“ Experimental Model
the sea cucumber, Holothuria glaberrima

Athyonidium chilensis

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.
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In fact our model system is not nearly as pretty, nor is the species we will be looking at during our demonstration this afternoon and next Monday.


Advantage #2- Key phylogenetic position
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Advantage #2-  The important position in the phylogenetic tree.  They are invertebrate but are deuterostomes.  Thus closely related to vertebrates. This is something I  need to keep reminding colleagues and reviewers in particular who sometimes view echinoderm as primitive animals. This might be due to the radial symmetry shown by the adults.


Advantage #3 - Extraordinary regenerative properties
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Advantage #3- Echinoderm regenerative capacities are legendary.  The best known might be the starfish regeneration, however, the same is true of sea cucumber.  
Evisceration
Nerve transection


Nerve fiber regeneration

San Miguel-Ruiz et al. BMC Dev Biol 2009
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What you are seeing here is the regeneration of the CNS component of the holothurian, following transection.
Using an antibody that labels the nervous system we can see that following transection the nerve is reestablished in about one month.



Tentacle regeneration
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Similalry, we have done experiments to show that tentacles can also be regenerated in about one month.
Fig 1. Macroscopic regeneration of the tentacles: (A) Amputation site, (B) 0 days, (C) 3 days, (D) 7 days, (E) 14 days, (F) 21 days, (G) 28 days, (H) 35 days, (I) Normal


Advantage #4 - Evisceration is easily induced in lab
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This animal eviscerates in the lab when irritated.  In our case we induce evisceration by injecting a solution of KCl.s


Advantage #5 - Evisceration follows a fixed pattern,
reducing variability due to surgical manipulations

Evisceration eliminates most of
the organs of the sea cucumber.
In H. glaberrima only the left
respiratory tree remains.
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Explain the ejected organs and the rupture sites.

Following evisceration the first organ to regenerate is the digestive tract.  We have focused our work on the regeneration of the intestine.


Advantage #6 - The digestive tract is well conserved

among animal groups, particularly in deuterostomes

Mesothelium (includes coelomic
epithelium or serosa and muscle
layer)

Connective tissue layer
(submucosa)

Luminal epithelium
(mucosa)
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The digestive tract is one of the most primitive organs in animals, and therefore there are large similarities among most organisms in the types of cells and tissues that are present.  The sea cucumber intestine shows many similarities with the vertebrate intestine.  Layers-

Insert shows the double muscle layer that includes a circular and longitudinal muscle. 


Echinoderm mesothelium

Peritoneocytes

Myocytes




Advantage #7 - Regeneration of a functional organ occurs
within a month

&l

Mesentery

Two Weeks

Three Weeks

Garcia-Arraras et al. J Exp Zool 1998
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Bertolini showed that regeneration of the intestine takes place at the tip of the mesentery that used to attach the intestine. So here you are, you just have eviscerated your intestine and the mesentery remains at one end attached to the body wall and in the other end free in the coelomic cavity.  In about a week a regeneration blastema is formed.  This is a solid tube that runs from the esophagus to the cloaca.
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Advantage #8 - Multiple cellular events can be studied

Cellular events associated with the
formation of a regeneration
blastema include:

Cell dedifferentiation
Cell proliferation
Apoptosis

Epithelial to mesenchymal
transition.

ECM remodeling
Cell migration
Cell differentiation

Cell-cell interactions to form a
new organ
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Advantage #8 many different cellular events can be studied.  These are the same events that you will be hearing during the next two weeks that have been associated with regeneration in many animal species.  I will show you some examples that take place during intestinal regeneration.  You will see that most of these are taking place in the regeneration blastema or in the mesentery attached to the blastema.

Most important- this is not only that cells are regenerating it is a process of organogenesis- cells are coming together to form a new organ.


Cell Dedifferentiation

beginning of
dedifferentiation

redifferentiation

redifferentiation

beginning of
e { — ( ¢ redifferentiation
dedifferentiation

transdiﬁerentm’tion

Garcia-Arraras and Dolmatov- Curr Pharm Design 2010
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Focus on the left part of the slide.
Mesothelium-coelomic epithelium and muscle
Cell dedifferentiation has been described in regenerating sea cucumbers by Dolmatov.  In the dedifferentiation process, the muscle cells become disorganized and eventually loose their contractile apparatus in packets that have been named Spindle-like -structures.


A gradient of muscle dedifferentiation can be
found in the mesentery during regeneration

Near body wall Medial Near blastema-like structure
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So we observe a gradient in muscle disorganization from the tip to the body wall. 
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At the electron microscopy level we observe the elimination of the cellular contractile apparatus as muscle cells dedifferentiate


SLSs (red) are formed as cells dedifferentiate. These SLSs are not
associated with cell nuclei (green)
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At the light microscopy we can observe the formation of the spindle -like structures using rhodamine labeled phaloidin, which clearly distinguish them from the cell nuclei.


Cell Proliferation

Percentage cell division in specimens sacrificed 24
hrs following BrdU injection
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To determine whether cell proliferation takes place animals were injected with BrdU at different regeneration stages and sacrificed 24 hrs after injection.

There is little cell division during the first few days and it increases at about 7 days following evisceration.  What is interesting is that most of the cell proliferation takes place in the coelomic epithelial and the luminal epithelia compartments NOT within the mesenchyme as would be expected in a normal blastema.


Apoptosis

B 7dpe ®l4dpe m2ldpe m28dpe M Control

M
%]
o]
]
Q
0
Q
<

[T
(o]
o)
c
Q
(8]
e
4]
a

Coelomic epithelium Sub-mucosa Luminal epithelium

Intestinal layers



Presenter
Presentation Notes
Contrary to what could be expected, many regenerating models have shown that together with cell proliferation there is cell death.  We have also observed this in our system where there is a large level of apoptosis during regeneration and similar to the proliferation this mainly takes place in the coelomic epithelium.


Epithelial to mesenchymal transition

i l\!“l
: fw

o
'

Garcia-Arraras et al. In prep.
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THIS is one of our most recent findings.  And I am embarassed to say that we should have noticed this process years ago.  But FOR THE STUDENTS- this is what happens when you only look at certain stages and believe that you understand the system and stop looking at it with novelty.  
So what happened is that we obtained an ANTIBODY that  LABELS THE MESOTHELIUM AND THE EPITHELIUM OF THE REGENERATING BLASTEMA.


Epithelial cells at the tip of the regenerating mesentery
Ingress to form the underlying mesenchyme
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MES-1 labeling DAPI- nuclei staining
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TO OUR SURPRISE THIS ANTIBODY SHOWS THAT CELLS AT THE TIP OF THE REGENERATING BLASTEMA INGRESS TO FORM  AT LEAST SOME OF THE MESENCHYMAL CELLS.  NOW THIS IS SURPRISING BECAUSE NO OTHER BLASTEMAL STRUCTURE IS KNOWN TO BE FORMED IN THIS WAY.

USUALLY THE MESENCHYMAL CELLS ORIGINATE FROM DEDIFFERENTIATING TISSUES IN TISSUES OR ORGANS ADJACENT TO THE INJURY, BUT NOT FROM THE EPITHELIUM THAT IS COVERING THE INJURY SITE.   RIGHT NOW, ALL I CAN SAY IS THAT WE HAVE RE-EVALUATED OUR HYPOTHESIS OF HOW THE BLASTEMA IS BEING FORMED TO CONSIDER THE CONTRIBUTIONS OF THE EPITHELIUM.


Extracellular matrix (ECM) remodeling

B

Collagen- Control Muscle cells- Control
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Focus on the left panel-  Dissapearance of collagen during intestinal regeneration.


Collagen is degraded by
phagocytic amoebocytes

' ey
-t
-l" =+
P )
J
il _
=i ? T
4 A 40 d7 d-14 d-21 d-28
‘ 137kD-> M
l'ﬁ

Quifones et al. Dev Biol 2002
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The collagen is degraded by phagocytic ameobocytes a


REGENERATION MODEL- cellular origins
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THIS FIGURE SHOWS THE MODEL WE HAVE PROPOSED TO OCCUR DURING REGENERATION.  CELLS IN THE MESENTERY DIFFERENTIATE AND FORM UNDIFFERENTIATED CELLS OF THE COELOMIC EPITHELIA  OR REGENERATION BLASTEMA.  THESE UNDIFFERENTIATED CELLS HAVE THE CAPACITY TO DIVIDE AND GIVE RISE TO OTHER CELLS AND EVENTUALLY DIFFERENTIATED INTO THE COMPONENTS OF THE REGENERATED INTESTINE.



REGENERATION MODEL- cellular origins
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THIS FIGURE SHOWS THE MODEL WE HAVE PROPOSED TO OCCUR DURING REGENERATION.  CELLS IN THE MESENTERY DIFFERENTIATE AND FORM UNDIFFERENTIATED CELLS OF THE COELOMIC EPITHELIA  OR REGENERATION BLASTEMA.  THESE UNDIFFERENTIATED CELLS HAVE THE CAPACITY TO DIVIDE AND GIVE RISE TO OTHER CELLS AND EVENTUALLY DIFFERENTIATED INTO THE COMPONENTS OF THE REGENERATED INTESTINE.



REGENERATION MODEL- cellular origins
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THIS FIGURE SHOWS THE MODEL WE HAVE PROPOSED TO OCCUR DURING REGENERATION.  CELLS IN THE MESENTERY DIFFERENTIATE AND FORM UNDIFFERENTIATED CELLS OF THE COELOMIC EPITHELIA  OR REGENERATION BLASTEMA.  THESE UNDIFFERENTIATED CELLS HAVE THE CAPACITY TO DIVIDE AND GIVE RISE TO OTHER CELLS AND EVENTUALLY DIFFERENTIATED INTO THE COMPONENTS OF THE REGENERATED INTESTINE.
I have explained the formation of the intestinal rudiment, but how does the lumen forms?


Cell Migration

Esophagus

Mucosal epithelium  njosenteric edge thickenin
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Challenge #1 - Limited molecular tools

Mashanov et al. In prep.
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Working in a non-classical model system you do not have the advantage of having tools that other investigators have produced.  Thus most of the antibodies we have to make ourselves . However, we have recently developed an In situ hybridization protocols that works for the holothurian intestine.  
Her we show that survivin (an anti-apoptoditic gene) expression occurs in the coelomic epithelim


Challenge #2 - Genomics

-We have a databank with over 7000 ESTs from 3 cDNA libraries of normal and
regenerating intestines
- Microarrays were done with custom made microchips with over 7000 H.
glaberrima ESTs.
- Alarge number of ESTs are differentially expressed in regenerating animals

Log Fold Change

Reference = Normal (non-eviscerated)

Rojas-Cartagena et al. Physiol Genomics 2007
Ortiz-Pineda et al. BMC Genomics 2009 n= 7166 p<0.01
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Presentation Notes
Once again working with a non-traditional model system limits the availability of genomic tools.  The closest relative whose genome has been sequenced is the sea urchin (It has helped, however this is like using the chicken genome to understand the human genome)�But we have made much progress

One of our finding, which was somewhat surprising was the large number of genes that were differentially expressed during regeneration.
With new high throughput techniques we now are assembling over 1 million ESTs from various tissues of the sea cucumber.


Clusters of gene expression
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But even with our limited gene information, these genes could also be grouped according to their expression profile.  For example, the first panel shows genes that are highly over-expressed at 3days, still overexpressed at 7days and then down to normal values at 14 days.  The last panel shows underexpression at 3 at 7 and overexpression at 14 days.

Since our interest is on those events that occur early in regeneration we have focused mostly on the genes cluster shown in the first panel.


Over 85% of genes validated with PCR showed the same
level of significant differences as the microarray.

Studies can focus on selected candidates or novel genes.

Ramirez-Gomez et al. PLOS One 2009 Otiz-Pineda et al. BMC Genomics 2009
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Over 20 genes have now been validated, all have shown either similar expression profiles between microarrays and PCR, 


Wn t' candidate gene

= Gene family of secreted factors with
Important roles as regulators of embryonic
development

* Important role in maintenance and the
activation of proliferation of stem cells

= Associated with regeneration processes
In various animal models



Wnt-9 is over-expressed during intestinal regeneration showing
the highest values in the 3-day intestine
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Orp I n ~ novel gene

= Large number of ESTs In
regenerating cDNA libraries that
assemble into one contig

= Over-expressed at 3-days of
regeneration in the microarray

= No similarity to genes in database
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18 ESTS all except one in reg libraries
Assembled into 600 nt contig with a ORF that predicted a 122 amino acid protein


Orpin shares some similarity in the calcium-binding EF hand
domain with other calcium binding proteins
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Predicted structure analyses


RT-PCR validation of Orpin overexpression in the 3-day
regenerating intestine.

Orpin expression profile
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Challenge #3 - Loss of function/Transgenics

Transfections
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So, as you can see there are important challenges for those of you that are interested in the system and in advancing our knowledge on regenerative phenomena.



TOP ADVANTAGE -

VERY LOW POSSIBILITY OF BEING SCOOPED




TOP ADVANTAGE -

VERY LOW POSSIBILITY OF BEING SCOOPED
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