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ABSTRACT

The intestinal epithelium undergoes constant regeneration and is, thus,
tightly regulated. Disruption of its homeostasis can result in the
development of colorectal cancer (CRC). Glycogen synthase kinase 3
(GSK3) i1s a kinase that plays a central role in multiple signaling
pathways including cellular proliferation where it inhibits the activity of its
substrates. GSK3 dynamics can be described as a multiple input
multiple output system. Meaning, multiple upstream growth factors can
regulate and thus inhibit GSK3 from acting on its many substrates.
Mutations Iin these growth signaling pathways (e.g. Wnt, PI3K, and
KRAS) have been well established to have a role in CRC progression.
Therefore, aberrant activated signaling due to these proteins are
presumed to result in the constitutive inhibition of GSK3 activity in CRC.
The aim of my study is to understand GSK3 dynamics within the colonic
crypt. Further, | aim to understand if these mutations found in CRC lead
to constitutive suppression of GSK3 to maintain a stem like phenotype.
Impact: There is a need for advancements in preventative or therapeutic
targets against CRC. Research indicates that suppression of GSK3
enzymatic activity decreases sensitivity to certain chemotherapeutic and
targeted therapies. Therefore, understanding the functional role of GSK3
In both normal colonic epithelium and in CRC may reveal a potential
therapeutic target that could overcome the oncogene-induced
suppression of GSK3 in CRC.

BACKGROUND

The Intestinal Epithelium Is In A Constant State Of
Renewal And Maintaining Tissue Homeostasis Is Critical
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GSK3 Plays A Central Role In Multiple Signaling

Pathways Such As Cellular Proliferation Where It Acts
As A Negative Regulator
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APPROACH

Model system: 2D Human Colon and CRC Organoids To Study GSK3 Dynamics

Human biopsy samples cultured into 3D and 2D colon organoids
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Normal Human 2D colon organoid
reorganize to form proliferative
regions indicated by Ki-67

Assess GSK3 Activity Indirectly By Measuring Changes In GSK3 Substrate Protein
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Single Cell Analysis:
Segmentation and Quantification

GSK-3 inhibition changes protein
expression in human colonic epithelial
cells (HCEC) treated with 10uM
CHIR99021 (GSKa3i) for 24 hours. Cells
are labelled with antibodies and
guantified for cell intensity (black: DMSO,
red: GSKa3i). Shading represents single
cell data. We have validated 25 different
GSK3 substrate antibodies using
HCECS.

Assess GSK3 Activity Directly Using Live-Cell GSK3 Kinase Translocation Reporter

(KTR)?

KTR contains nuclear localization
signal (bNLS) and nuclear export
signal that translocates based on
phosphorylation of the KTR by
GSK3
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KTR to cytoplasm
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Observe GSK3 Activity In Normal And CRC Organoids
And Use Biological And Chemical Methods to Manipulate
GSK3 Activity

Left: Wildtype mouse colon
stained with pS9 GSK-3
(red), indicate inactive
GSK3, and Hoechst (blue).

Right: Human colonic
adenocarcinoma tissue
stained with pS9 GSK-3
(green), indicate inactive
GSK3, and Hoechst (blue).
Inset: enlarged section.

Discover Allosteric Activators Of GSK3 That Can Restore
GSK3 Activity And Dynamics In CRC

A GSK3 has 7 potential
binding sites?

A In-Silico screen
identified ~1000
putative GSK3
Interacting structures

A ldentify potential small
molecule activators
using:
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SUMMARY

A GSK3 is a central kinase involved in inhibiting proliferation and is
regulated by upstream growth signals.

A Mutations in CRC are presumed to constitutively suppress GSK3
activity.

A Normal human colon and CRC biopsy samples can be cultured as
2D/3D organoids

A Changes in GSK3 dynamics and its substrates can be quantified at
single cell level.

A Live cell GSK3 KTR will be able to measure GSK3 dynamics in real-
time.

A Screen for allosteric small molecules could identify an allosteric small
molecule activator of GSK3
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