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Figure 5.

PANCI1 spheroids have lower capabilities to compensate for interference with DDR. A, y-H2AX formation after 24 hours of treatment with inhibitor #1 (left) and 3
umol/L gemcitabine (right) in PANC1 spheroids (red color) and monolayer cells (blue). Graph indicates mean number of y-H2AX-positive cells of 100 examined
cells; N = 3 independent experiments. Representative immunofluorescence images on right; scale bars, 5 um. B, DNA damage in PANC1 spheroids (red) and 2D
monolayer cells (blue) treated for 4 hours with 3 umol/L of gemcitabine (gemcitabine withdrawn after 4 hours) followed by treatment of inhibitor #1 for 24 hours
at indicated concentrations. C, Induction of y-H2AX (left) and cleaved caspase 8 levels (right) in PANC1 spheroids (red) compared with monolayer cells (blue)
treated with 3 umol/L gemcitabine for 24 hours after transfection with scramble siRNA or TAOK3 siRNA for 48 hours (mean of 100 examined cells of N =3
experiments, representative immunofluorescence images are shown). Impact of loss of (D) ATM and (E) ATR on y-H2AX and cleaved caspase 8 levels after
treatment with gemcitabine in PANC1 spheroids vs. 2D monolayer cells.
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function of tumor initiating or CSCs (10, 37). CSCs enhance their
DNA repair mechanisms in a variety of ways to protect their
genome from accumulated replication errors during the pro-
longed period of quiescence (10, 13, 38).

RNAI silencing of the top targets of inhibitor #1 highlighted
several compelling leads including the TAOK3 which has been
reported to affect responses to cellular genotoxic events and
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mediate DNA damage-induced G,-M checkpoint control via
activation of p38 signaling (39). Loss of TAOK3 either via RNAi
knockdown or treatment with inhibitor #1 affected DDR. Spher-
oids did hereby have in comparison with 2D monolayer cells a
clearly limited reserve to cope with interference in DDR in
response to genotoxic stress which was also shown after silencing
of other DDR components. TAOK3 provides hereby an essential
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Figure 7.

Loss of TAOK3 reduces CSC traits in pancreatic cancer cells. A, SOX2, NANOG, and CD44 mRNA expression measured by gRT-PCR (UnTx, untreated cells;
Scramble KD, scramble siRNA). B, TAOK3 loss decreases anchorage-independent growth. Colony formation on soft agar 14 days after transfection with scramble
and anti-TAOK3 siRNA (y axis depicts number of colonies; N = 3). C, Treatment with inhibitor #1 reduces colony formation compared with gemcitabine. Number
of colonies of PANC1 monolayer cells and spheroids after treatment with 100 nmol/L and 500 nmol/L inhibitor #1 or 3 umol/L gemcitabine. Colony numbers after
14 days are depicted on y axis. D, Expression levels of stemness genes measured by qRT-PCR after 24 hours of treatment with inhibitor #1 and gemcitabine
compared with vehicle-treated values in both PANC1 monolayer cells and spheroids. E, Inhibitor #1reduces cleaved NOTCH1 levels in PANCI1 cells. Quantitative
immunofluorescence of PANC12D monolayer cells (representative images, top row) and spheroids (bottom) treated for 24 hours with 500 nmol/L inhibitor #1or
3 umol/L gemcitabine. Quantification of mean fluorescence intensity (100 cells examined, N = 2 independent experiments, in triplicates) on bottom. F, Inhibitor
#1reduces CD44 expression on PANC1 spheroids. Flow cytometry histogram of vehicle (blue) and inhibitor #1-treated (red) PANC1 spheroids.
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link between DDR competency and stemness. TAOK3 was noted to
be upregulated in pancreatic spheroid models and forced expression
of TAOK3 increased the expression of SOX2, NANOG, and CD44.
Overexpression of TAOK3 increased colony formation and in vivo
tumor initiation and metastatic burden. Conversely, knockdown of
TAOK3 had a negative influence on stemness traits. Previous reports
connecting DDR competency and cancer stemness-like phenotype
included ATM which was shown to be a checkpoint for self-renewal
in melanocytes, p38 MAPK negatively regulating stemness pheno-
types in NSCLC, aurora kinase promoting metastasis via the acqui-
sition of stem cell-like properties and epithelial-mesenchymal
transition (EMT), or RADG promoting stemness and DDR in
ovarian cancer (40-43). Thus, there is intense interest in the devel-
opment of DDR inhibitors like CHK, PARP, or p38 inhibitors in
combination with cytotoxic chemotherapy to overcome the chal-
lenges of drug resistance mediated by CSCs (44, 45). In this regard, a
first-in-human early clinical signal of targeting TAOK3-related sig-
naling was just released. Using the small-molecule ATR inhibitor
M6620, with ATR being directly upstream of TAOK3, in combina-
tion with topotecan, M6620 showed within a phase I study early
clinical activity in solid organ cancers heavily pretreated with
cytotoxic chemotherapy (46). It has to be seen if currently employed
agents targeting CHK1, CHK2, WEE1, or DNA-PK in combination
with current standard-of-care therapies are the best anti-CSC
option (45). In this regard, the synergistic combinations derived
from matrix screening of spheroids in this study provide novel leads
for addressing tumor heterogeneity. For example, the strong coop-
erativity of DDR and proteasome inhibitors seem to suggest yet
unexplored options targeting the CSC-like phenotype.

The presented study is not without limitations. Although
TAOK3 promotes metastasis, we cannot define how much of the
antimetastasis effect of inhibitor #1 in the NSG PANCI mice is
due to inhibitor #1’s anti-TAOK3 effect. It is possible that the
previously described antimetastasis mechanism of action of
aurora kinase inhibitors is predominantly driving this pheno-
type (41). Although the combination of in vitro RNAi studies in
3D spheroids suggests cooperativity between the individual tar-
gets of inhibitor #1, their individual impact might be different
in vivo (47, 48).
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