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ABSTRACT
The canonical Wnt/β-catenin pathway is a pro-survival
pathway that has been found to be robustly expressed in human
astrocytes. β-catenin is the central mediator of this pathway. While
the Wnt/β-catenin pathway has been found to be expressed in
many sources of astrocytes, such as gliomas and primary fetal
astrocytes, the pathway is not yet studied in hiPSC induced
astrocytes (iAs), which are proliferative and provide a timelier and
more convenient source of astrocytes compared to other sources.
In this study we seek to determine whether Wnt/β-catenin
pathway is robustly expressed in iAs. By using TopFlash reporter
assay and quantitative transcriptional measurements of TCFs/LEFvia RT-qPCR in the presence or absence of CHIR99021, a specifc
agonist of Wnt/β-catenin pathway, we established that iAs have a
robust Wnt/β-Catenin pathway.

INTRODUCTION
Astrocytes are one of the most abundant cell types in the central nervous system (CNS), playing an important role
in regulating the environment by participating in glutamate uptake, immunoinflammatory response of the CNS, and
supporting the blood brain barrier (BBB) and neuronal health (Sofroniew & Vinters, 2010). In the past, astrocytes were
mainly sourced from adult deceased brains, gliomas (U87MG, U138MG), aborted human fetal tissues and mice/rat
brains. However, such sources can be difficult to access and can pose limitations due to lack of biological relevance,
costliness, and legal implications. Recently, hiPSCs (human induced pluripotent stem cells) were successfully
demonstrated to differentiate into induced astrocytes (iAs), which have become an important tool in studying astrocyte
biology and function because they provide a consistent and timely supply of proliferative astrocytes (TCW, et al. 2017).
Several studies have detailed how primary adult, fetal astrocytes, and gliomas possess a robust Wnt/Beta-Catenin
pathway, which regulates several important pro-survival processes, such as glutamate uptake (Lutgen, et al. 2016),
immunoinflammatory response (Robinson, et al. 2019), and HIV transcription (Narasipura, et al. 2012). However,
whether iAs robustly possess the Wnt/Beta-Catenin pathway is not yet established. Determining the presence of the
pathway in iAs can help us to assess the functional similarity of these astrocytes with other well established ones and
help us to establish their biological relevance in basic and clinical studies.

METHODOLOGY
Induced astrocytes were differentiated from an hiPSC (RUCDR Biologics) cell line via neural progenitor cells (NPCs) using a conventional but well established protocol (TCW, et al.
2017). Our lab did not use Matrigel in the iA differentiation process, but an unpublished study demonstrates there is very little to no difference between iAs grown with and without
Matrigel (Gonzalez & Narasipura, 2022).
A flow chart of the Wnt/b-catenin pathway is shown in Image 1. CHIR99021 is a pharmacological activator of this pathway (Naujok, et al. 2014). It inhibits GSK3 (glycogen synthase
kinase 3), which is a protein that helps in the phosphorylation of β-catenin. Phosphorylated β-catenin is directed toward proteases for degradation. Therefore, CHIR can be used to amplify
the presence of β-catenin within a cell, allowing us to further induce Wnt/β-Catenin pathway and understand its role in iAs.
We conducted two main experimental approaches to determine the presence of the Wnt/β-Catenin pathway • Luciferase assay was used to measure the activity of a Wnt pathway reporter plasmid, TopFlash, transduced stably via lentiviral approach in iAs in the presence or absence of CHIR (5
uM) treatment for 24 hours (Nuese & Fuerer, 2010). TopFlash contains the firefly luciferase gene downstream of a minimal promoter containing 8X binding spots for TCF/LEF
transcription factors (T-cell factors/lymphoid enhancing factor). β-catenin activates TCF/LEF transcription of target genes (Image 1). Luciferase is an enzyme that emits light when
metabolizing luciferin into oxyluciferin. The lysed cells were mixed with luciferin, and the amount of luminescence was detected using a spectrophotometer.
• Real Time qPCR was used to examine the genotypic expression of TCF/LEF transcription factors. The assay was also used to determine the expression of common astrocyte specific
genes to confirm the astrocyte identities of the iAs. Fold change was normalized to GAPDH, a house keeping gene, and then calibrated to EAAT1, a commonly found gene in astrocytes
that participates in glutamate absorption from the extracellular space (Lutgen, et al. 2016).
Figure 1: CHIR-99021 treated cells were 373
times as luminescent than that of the untreated
cells.

Figure 2: TCF4, TCF3, TCF1, and LEF1 were all
transcribed at large levels compared to EAAT1.
Transcription level was normalized to GAPDH levels.
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Figure 3: Transcription of GFAP, APOE, EAAT3, EAAT2,
and EAAT1 was well present in the iAs. Transcription
levels of each gene was normalized to GAPDH levels,
and then calibrate to EAAT1, a well-expressed gene in
astrocytes.
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Image 2: 104 day old iAs. Phase contrast microscopy was used
to take pictures of the iAs. The top two pictures are x200
magnification while the bottom two pictures are x100
magnification. The iAs convey star-shaped morphology.
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Image 1 (Created by author): In absence of Wnt binding to
Frizzled and LRP6 Receptors, the Axin2-GSK3 protein complex
readily phosphorylates and ubiquitinates β-catenin, targeting it
toward proteolysis by proteasomes (MacDonald, et al. 2010).
When CHIR-99021 is present, it binds to and inhibits GSK3,
limiting phosphorylation of β-Catenin. Essentially, CHIR-99021
indirectly leads to saturation of β-Catenin in the cytoplasm and
nucleus. β-Catenin subsequently activates TCF, allowing for
increased transcription of genes downstream of TCF promoter
sites.

CONCLUSIONS
Each of the assays demonstrate the presence of a robust Wnt/beta-Catenin pathway while confirming the astrocyte identity of the iAs.
•

Luciferase was significantly more expressed in CHIR-99021 treated cells than untreated cells. Because Chir treatment is known to allow for saturation of β-Catenin in the cytoplasm and, subsequently,
increased LEF/TCF transcription, the increased presence of luciferase in Topflash transfected iAs after CHIR-99021 treatment confirms the presence of a robust Wnt/β-Catenin pathway.

•

RT-qPCR further confirms the presence of LEF/TCF being expressed genotypically in iAs. LEF/TCF transcription factors play a crucial role in the canonical Wnt/Beta Pathway, so their presence in iAs
confirms the robust presence of the pathway.

•

RT-qPCR also confirmed the astrocyte identity of the iAs by portraying that common astrocytes specific genes, specifically EAAT1, EAAT2, EAAT3, APOE, and GFAP, were well expressed in the cells. This is
further confirmed by the star-shaped morphology of the cells, which is similar to that of primary astrocytes.
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