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Characterizing activation states of retinal stem cells for endogenous repair 

Work at our lab has shown that there are 
about 10 000 retinal stem cells (RSCs) present 
in the ciliary marginal zone of the human eye 

at any given age. They are capable of 
differentiating to all seven retinal cell types. 

Though they are quiescent in vivo, they 
become active in vitro and proliferate 

extensively.

STATEMENT OF THE PROBLEM

HYPOTHESIS

Understanding the regulation of RSC
proliferation and quiescence throughout

development will aid in regenerative medicine
efforts to activate RSCs in damaged eyes.

PART I: DISSECTION & SPHERES
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 Hdac10 may keep the RSCs in a quiescent state epigenetically,
but once Hdac10 is inhibited, RSCs move to the transitional or

primed state, and become more likely to proliferate/form
clonal RSC spheres.

Creb1 knockdown suggests that during development, RSCs may
enter the primed state quicker than the WT cells, however in
adulthood, more Creb1 SCs are being repressed by Hdac10

as evident in recovery to WT levels when treated with
Hdac10 siRNA. 

Further experiments will elucidate why there is initially
a 50% increase in the number of SC spheres in early postnatal

development and a subsequent 50% loss of SC spheres
in adulthood that can be alleviated with

the derepression of Hdac10.

CONCLUSIONS

PART IV:  INVESTIGATING ENRICHED GENES
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Two clusters of RSCs 
were identified and 

their respective markers 
were determined. More 
sphere-forming cells are 

found in C4 than C2,
suggesting a difference 

in state.
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PART III: IDENTIFYING MARKERS 

Postnatal Day 4 Timepoint

RNA knock-down of Hdac10 shifted the 
quiescent RSC population to a more active 

state.
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Hdac10: histone deacetylase 10

Clusters
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Creb1: cAMP responsive element binding protein 1

Clusters

Hdac10 is highly expressed in qRSCs, while 
Creb1 displays more diffuse expression,

incl. enrichment in both RSC populations.

Though Creb1αΔ-/- mice have 40-50% fewer RSC spheres,
when exposed to Hdac10 siRNA to derepress quiescent SCs,

both WT and the Creb1αΔ-/- increase to an equal # of spheres. 

Thus, Creb1αΔ-/- mice have the same # of RSCs as WT,
however they are super quiescent and the majority

do not form spheres at baseline.
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The number of RSC spheres is significantly
higher in Creb1αΔ-/- mice. 

x

The total # of cells per eye was similar,
indicating that the frequency of SCs is higher 

in Creb1αΔ-/- animals.
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Creb1αΔ-/- mice have a 45-50% decrease in
SC frequency, and the total # of SCs/eye
also decreased by 56-65% compared to

WT and +/-. 
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siRNA knockdown of Creb1 in adult RSCs in vitro reproduces
the genetic Creb1αΔ-/- effect on RSC #, with a 50% loss of

sphere formation compared to siRNA controls. 

Adult Timepoint

Adult Timepoint

Developmental timeline of RSCs (Tropepe, et al Science, 2000). 
The clonal sphere forming assay was performed at different

developmental stages and plotted as the # of SCs/animal. The eye
is morphologically adult like by postnatal day 10, however the

expansion of the sphere forming RSCs occurs after the majority of
the cells in the eye are post-mitotic.


