
Tuberous Sclerosis Complex (TSC) is a debilitating developmental disorder characterized by a variety of clinical 
manifestations. While benign tumors in the heart, eyes, lungs, kidney, skin, and brain are a hallmark of the 
disease, often the most severe symptoms of TSC are neurological, including seizures, autism, psychiatric 
disorders, and intellectual disabilities. TSC is caused by a loss of function mutation in the TSC1 or TSC2 genes, 
which encode the hamartin/tuberin proteins respectively. These proteins function as a heterodimer that 
negatively regulates mechanistic Target of Rapamycin Complex 1 (mTORC1) kinase. The majority of work on 
TSC has been focused on the effects of mTORC1, a critical signaling hub, on regulation of diverse cell 
processes including metabolism, cell growth, translation, and neurogenesis. However, work focused on 
potential non-canonical functions of TSC2 is rare, and the potential cell biological mechanisms involved are not 
well understood. Understanding whether mTORC1-independent functions of TSC2 contribute to patient 
phenotypes will be essential to tailoring treatment, as many patients are primarily treated with mTOR-targeting 
agents. 
To examine phenotypes in a cell-based model of TSC, we utilized TSC patient-derived induced pluripotent stem 
cells (iPSCs) that harbor a disease-causing heterozygous microdeletion mutation in the TSC2 gene. Patients 
are heterozygous for mutations, but the most widely accepted model is that second hit mutations in TSC1/2
occur in tumorigenesis. To model this state, CRISPR was used to create a similar deletion mutation in the other 
TSC2 allele, producing a homozygous mutant line. TALENs was also used to correct the heterozygous mutant 
to wild type, creating a set of isogenic lines.
We observed aberrant multipolar mitotic division, a novel phenotype, in the TSC2 mutant iPSCs. Multipolar 
mitotic division occurs when there are more than the typical two spindle poles during mitosis. The multipolar 
phenotype is not significantly affected by treatment with rapamycin, an mTORC1 inhibitor, in the TSC2 mutant 
iPSCs, indicating that multipolar division is an mTORC1-independent phenotype. Interestingly, the multipolar 
phenotype in the TSC2 mutant cells does not continue through differentiation into mixed glutamatergic and 
GABAergic cortical neurons. Further analyses are in progress, but our findings show a non-canonical function 
for TSC2 protein that can provide crucial insight into TSC2 effects on normal chromosome segregation and 
possible tumorgenesis, ultimately identifying additional potential avenues for therapeutic intervention in patients 
with TSC.

Rationale

Patient iPSCs have microdeletion in Exon 41 of TSC2

Patient Mutant iPSCs show Multipolar Division Phenotype

Tuberous Sclerosis Complex: A Disease of Altered mTORC1 
Signaling

Knock Out of TSC2 Does Not Show Multipolar Phenotype

Hypothesis: Non-canonical function of TSC2 contributes to the 
duplication of centrioles leading to loss of function mutations of TSC2 

resulting in multipolar phenotypes.
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Mutant Tuberin (TSC2) is less abundant in membrane-
bound organelles 

Conclusions and Future Directions
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ü Patient mutant TSC2 shows multipolar phenotype, increased PLK4, and decreased 
localization to membrane bound organelles compared to isogenic wild type and TSC2 
knock out

ü We are interested in examining whether PLK4 is upstream or downstream of mTORC1 by 
treating patient hiPSCs with rapamycin, a potent and specific mTORC1inhibitor, and using 
immunoblots to look at PLK4 levels

ü Additionally, we are interested in determining if the patient mutation effects trafficking of
TSC2 leading to the decrease in TSC2 abundance in the membrane bound fraction by 
staining the patient hiPSCs for TSC2 and examining localization using 
immunofluorescence

ü Patient mutation in exon 41 which encodes the region for the Rheb GAP domain.
ü Fibroblasts are taken from patients and then are reprogrammed into pluripotent stem cells. 
ü Using CRISPR-Cas9 and TALEN, the heterozygous mutation from the patient can then be 

corrected or made homozygous, creating isogenic cell lines.
ü These isogenic iPSCs will then be differentiated to neural progenitors and further cell types in the 

neural lineage using forebrain and oligodendrocyte organoids.
ü The isogenic cell lines allow us to attribute phenotypes observed in the heterozygous and 

homozygous lines to be specific to the microdeletion in the TSC2 gene.
ü Additionally, we employed a non-patient TSC2 knockout iPSC line.
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ü TSC is caused by a mutation in the genes, TSC1 or 
TSC2. These mutations cause hyperactive mTORC1 
signaling, leading to increased protein translation and 
cell size

ü Patients with TSC develop autism, epilepsy and 
benign tumors in many major organs.

ü In the brain, the large tumors called SEGAs have a 
unique presentation

v They are typically located within or 
near the ventral subregion of the V-
SVZ, a subcortical feature

ü TSC patients also develop cortical hamartomas, but 
the contributions of specific progenitors or lineages to 
these “tubers” are not well understood.

ü Representative images (A) show that 
the neither WT nor KO hiPSC lines 
display the multipolar phenotype

ü There was no difference between
genotypes nor treatment condition
for total number of cells (B), number
of cells in mitosis (C), or mitotic cells
with multipolar division (D).

Many Factors Contribute to Multipolar Division
ü Multipolar division is mitotic division in which there are more than 

the normal 2 poles. 
ü Multipolar division can lead to chromosomal instability, cell death,

or possible tumorgenesis. 
ü Overduplication of the centrioles is thought to be the cause of 

multipolar division
ü Polo-like Kinase 4 (PLK4) locates to the centrioles. 

Overexpression of PLK4 results in the multipolar phenotype and 
tumorgenesis. 

ü Representative immunoblots (A) of protein extracts from patient hiPSCs with mutant TSC2 
and hiPSCs with TSC2 deleted.

ü Immunoblots show increase in PLK4 expression in patient TSC2 mutant hiPSCs and little
difference of PLK4 expression in WT hiPSCs compared to knockout TSC2 hiPSCs (A-B)

PLK4 Levels Increase in TSC2 LOF hiPSCs
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ü Subcellular fractionation lysates were made from patient-derived hiPSCs with mutant 
TSC2

ü Five fractions were made: cytoplasmic fraction, membrane bound such as lysosomes, 
nuclear soluble, chromatin bound, and cytoskeleton bound. 

ü TSC2 localized to the cytoplasmic, membrane bound and nuclear soluble fractions
ü LOF/LOF TSC2 is less abundant in the membrane bound fraction when normalized to 

Lamp1 which localizes to membranes of lysosomes
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ü Representative images (A) show that the homozygous loss of function images have an increased number 
of abnormal, multipolar cells

ü The total number of cells was compiled from the nine technical replicates and then averaged across the 
three biological replicates (n=3). There was no significant difference between genotypes, nor treatment 
conditions (B)

ü The number of mitotic cells was consistent regardless of genotype and treatment condition (C) 
ü The percentage of cells that were in mitosis that exhibited an abnormal multipolar phenotype increased 

from wild type to heterozygous cells to homozygous loss-of-function cells (D). A significant difference was 
found between WT and LOF cell lines (p=0.0179) and this was independent of treatment condition
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