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The pluripotency transcription factor Oct4 contributes to head and neck squamous cell
carcinoma radioresistance via regulation of DNA repair and the stem cell phenotype
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‘{{ - Radiotherapy Figure 1: The pluripotency-related transcription factor Oct4 in HNSCC
VAN - DNA « contributes to the CSC phenotype and radioresistance
« exerts its function by regulating the expression of important effectors of homologous
recombination repair and cell cycle progression
can be regarded as biomarker for radiotherapy-treated HNSCC patients and
potential therapeutic target in combination with PARP inhibiton

Background: Despite being the sixth most common cancer type worldwide, head and

neck squamous cell carcinoma (HNSCC) exhibits low five-year survival rates for

advanced-stage patients."?

In contrast to HNSCC caused by

human papillomavirus
infections, HPV-negative

(HPV)
HNSCC

cases often exhibit considerable
resistance to radiotherapy.? Yet
knowledge about radioresistance

factors and potential

therapeutic

targets in HPV-negative HNSCC is
limited. The local control probability
after radiotherapy crucially depends

on the eradication of cancer stem cells
(CSCs), a sub-population of tumor
cells characterized by pluripotency

and an active DNA repair.>4

and stem cell phenotype.

Understanding the role of Oct4 in

arrest

HPV-negative HNSCC radioresistance
iIs challenged by the existence of
different Oct4 transcript variants and
protein isoforms with presumably

different functions.6’

Cell models:

*siRNA-mediated
knockdown of all Oct4
isoforms  (total Oct4
knockdown) in Cal33
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negative HNSCC cell
lines)
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This study provides evidence that the cancer stem cell (CSC)-related transcription factor
Oct4 contributes to HNSCC radioresistance by regulating the DNA damage response
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Figure 3: Diverging functions of the Oct4 isoforms A

and B.
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Figure 4: siRNA-mediated knockdown of Oct4 isoform A and B in
HNSCC cell lines simultanously decreases expression of all isoforms.
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Figure 5: Oct4 contributes to
HNSCC radioresistance and self-
renewal. (A) siRNA-mediated
Oct4 knockdown partially
decreased the clonogenic survival
of HNSCC cells after irradiation in
a 2D colony formation assay.
Scrambled (scr) siRNA was used
as control. (B) Self-renewal
capability, as assessed by the
ability to grow as tumor spheres,
was also reduced. Scale bar: 50
um; *** p < 0.001; error bars
indicate SD.
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Figure 6: Oct4 downregulation impairs irradiation-induced cell
cycle checkpoint activation. (A) siRNA-medited Oct4 A knockdown

C Cell death reduced the expression of the G2 checkpoint kinases CHEK1 and
ﬁ WEE1 in HNSCC cell lines. * p < 0.05; error bars indicate SD. (B)
G2 checkpoint Consequently, UTSCC5 cells treated with siRNA against Oct4 fail

to induce G2 cell cycle arrest after irradiation. An increase of G2
phase cells compared to 0 Gy was observed only in irradiated
control (Scr siRNA) cells. # p < 0.05 compared to 0 Gy; error bars
indicate SD. (C) Possible mechanism of radiosensitization by
abrogation of the G2 checkpoint: HPV-negative HNSCC cells and
tumors frequently harbor p53 mutations and lack a functional G1
checkpoint. Additional impairment of the G2 checkpoint could lead
to cells entering mitosis with unrepaired irradiation-induced DNA
damage and subsequently lead to cell death.8°

G1 checkpoint
DNA repair

s . "7’ uTsces B UTSCC5

1 =3 PSMC3IP 1 =2 PSMC3IP n=3
Bl RADS4L Em RADS4L

—
wn
—
n

—
1 1 1 1 1111

_.
o
4
.
o
+

- Scr siRNA
- PSMC3IP siRNA
= RAD54L siRNA

| |
4 6

Irraa:::liatimn (Gy)
UTSCC5S

—e— ScrsiRNA

—o=PSMC3IP siRNA
—o==RAD54L siRNA

Surviving fraction

Relative expression level, f.c

Figure 7: Involvement of the Oct4-regulated homologous
recombination repair (HRR) genes PSMC3IP and RAD54L
in HNSCC radioresistance and the CSC phenotype. (A)
PSMC3IP and RADS4L expression levels are reduced in
response to Oct4 knockdown. siRNA-mediated knockdown
of PSMC3IP and RAD43L significantly reduced 2D
clonogenic cell survival after iradiation (B) as well as self-
renewal capability assessed by sphere formation assay EEaaae

(C). * p < 0.05; error bars indicate SD. : 300
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Figure 8: PARP inhibition
selectively radiosensitizes Oct4 A
depleted UTSCCS cells. Pre-
treatment with the PARP inhibitor
Olaparib 2h before irradiation
significantly reduced 2D
clonogenic survival after
irradiation only in UTSCCS5 cells 0001 F————————7— ——TT T T T
with CRISPR/Cas9-mediated Irradiation (Gy) Irradiation I[Gﬂ Irradiation (Gy)
Oct4 A knockout (KO1). Wild

type (WT) cells exhibit no | WT 1 WT 2 WT 3
significant radiosensitization by
PARP inhibition, indicating a
HRR deficiency only in Oct4 A-
depleted cells. * p < 0.05; error
bars indicate SD.
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Figure 9: Kaplan-Meier analysis of patients treated with postoperative radio(chemo)therapy (PORT-C). High and
low nuclear Oct4 expression at the invasive front is associated with poor loco-regional control; n = 167.
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Conclusion: Our results in HPV-negative HNSCC cell models emphasize the interplay
between DNA repair factors and the HNSCC CSC phenotype. The involvement of Oct4 in
the regulation of DNA repair and cell cycle progression provides new insights into HNSCC
radioresistance and opens possibilities for combination therapy with PARP inhibitors.
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