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BACKGROUND
Pancreatic ductal adenocarcinoma (PDAC) is a deadly 
malignancy with a dismal 5-year survival rate, highlighting 
the urgent need to improve drug response and overcome 
acquired resistance to conventional chemotherapy. 
Glycogen synthase kinase 3β (GSK-3β) is a target in PDAC, 
and significantly, the GSK-3 inhibitor Elraglusib, has been 
shown to improve the chemosensitivity of PDAC and 
survival in preclinical cancer models. In addition, results 
from an ongoing randomized phase II clinical trial in patients 
with newly diagnosed pancreatic cancer suggests that 
patients receiving a combination of nab-
paclitaxel/gemcitabine and Elraglusib are having lasting 
durable responses. While this early evidence is highly 
encouraging, the biological determinants of Elraglusib 
response are unknown.

METHODS
Genome wide CRISPR/Cas9 library screen in pancreatic 
cancer cells was used to identify genes and pathways 
associated with sensitivity and resistance to Elraglusib. 
Designated CRISPR/Cas9 knockout was also carried out to 
validate the screening result. Inhibitor for the selected 
candidate was applied in combination with Elraglusib in cell 
culture experiments to examine the synergistic tumor killing 
effect by clonogenic assay, immunoblotting and IF. Live cell 
imaging using H2B-mCherry expression pancreatic cancer 
cells were performed to trace cell cycle progression and cell 
fate determination in combo treatment.

RESULTS
We identified signaling pathways associated with the 
regulation of mitosis and centrosome duplication/separation 
as resistant mechanisms to Elraglusib treatment (i.e., when 
these genes were targeted, the cells treated with Elraglusib 
died). Further analysis identified aurora kinase A (AURKA), 
an oncogenic kinase with major roles in mitosis, as a key 
kinase promoting resistance to Elraglusib. Consistent, with 
our CRISPR screen, genetic deletion, or pharmacologic 
inhibition of AURKA resulted in enhanced sensitivity of 
pancreatic cancer cell lines to Elraglusib. Mechanistically, 
Elraglusib treatment increased the auto-phosphorylation and 
centrosome localization of AURKA. We further found that 
inhibition of AURKA by Alisertib, an AURK inhibitor, blocks 
auto-phosphorylation, reduces the downstream 
phosphorylation of polo like kinase 1 (PLK1) and histone H3, 
arresting cells in mitosis, leading to mitotic catastrophe with 
significant apoptosis upon Elraglusib treatment. Strikingly, 
Alisertib works synergistically with Elraglusib to inhibit 
pancreatic cancer cell proliferation and induces apoptosis.

CONCLUSIONS
In summary, our preliminary data demonstrate that targeting 
AURKA is an effective approach to sensitize pancreatic 
cancer cells to Elraglusib.
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Figure 1. Activation of AURKA signaling was involved in Elraglusib resistance. A) Shown were the 
top over-represented pathways in the Elraglusib treated group compared to vehicle group by Gene 
Set Enrichment Analysis (GSEA). B) AURKA (Aurora Kinase A) was identified as the significant gene 
involved in the over-represented pathways from (A) in the library screening as indicated. The sgRNAs 
targeting AURKA were consistently depleted in Elraglusib-treated cells. C) Knockout of AURKA 
significantly suppressed 4535 cell colony growth in the presence of Elraglusib. D) Clonogenic assay 
was carried out in indicated combination of Elragusib and Alisertib. 
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Figure 2. Inhibition of AURKA triggers mitotic death in Elraglusib induced G2/M arrest. A) Flow 
cytometry experiment showing increased population of pSer10 Histone H3+ in Elraglusib treated 
PDAC cells. B) Combination of Alisertib and Elraglusib increases apoptosis. 

Figure 3. Alisertib reverses AURKA activation and 
localization induced by Elraglusib treatment. A) IF staining 
of Pt288 AURKA and gamma-tubulin in DMSO and 
Elraglusib treated cells. B). PDAC cells were treated as 
indicated and lysates were prepared and immunoblotted. 

Figure 4. Inhibition of AURKA blocks 
Elraglusib induced multipolar spindle 
formation. A) IF staining of alpha-tubulin 
in indicated group. B) Image of pancreatic 
cancer cells infected with Centrin-EGFP 
and H2B-mCherry lentivirus with indicated 
treatments. Numbers of Centrin-EGFP+ 
centrosome are quantified and expressed 
as mean± SEM.

Figure 5. Define the interaction between GSK-3 isoforms and AURKA 
phosphorylation. A) Conservation of the putative GSK-3 site in AURKA across 
species. 

Figure 6. Immunoblots from indicated cell lines and treatment 
groups.
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