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S1 Text: Literature analysis and discussion of identified driver
candidates
We revealed ten driver candidates from DU145 (ADAMTS9, AKR1B10, CXXC5, FST, FOXL1, GRPR,
ITGA2, SOX17, STARD4, VGF ) and four from LNCaP (FHL5, LYPLAL1, PAK7, TDRD6) that were
able to distinguish irradiated prostate cancer patients into early and late relapse groups (Fig. 5 main
manuscript). Here, we discuss these genes in the context of existing literature, except VGF that we
already discussed in the main manuscript.

The metalloprotease ADAMTS9 (disintegrin-like and metalloproteinase with thrombospondin motifs)
is a known tumor suppressor that is frequently epigenetically repressed in breast and colorectal tumors
inhibiting cancer cell survival and migration via AKT and p53 signaling [1, 2]. Our study showed that
low expression of ASAMTS9 is associated with longer disease-free survival of prostate cancer patients
treated with radiotherapy.

AKR1B10 (Aldo-keto reductase family 1, member B10) encodes an enzyme that is highly expressed
in different cancers including breast, oral squamous cell carcinoma, and promotes tumor cell migration
and invasion by activation of MAPK/ERK and FAK/Src/Rac1 signaling pathways [3,4]. AKR1B10 detoxi-
fies different cytotoxic and carcinogenic carbonyl compounds and a recent study revealed that AKR1B10
might efficiently prevent DNA damage induced by these compounds [5]. Importantly, AKR1B10 is also
involved in retinoic acid deprivation by reducing intracellular levels of all-trans- and 9-cis-retinaldehyde
[6, 7]. In prostate cancer, retinoid acid was found to inhibit androgen receptor signaling and cell pro-
liferation, to slow the tumor progression and to promote apoptosis [8]. High intracellular concentra-
tions of retinoic acid also inhibit the aldehyde dehydrogenase (ALDH) activity and the translation of
ALDH2A1 [9], which is a marker of prostate cancer stem cells and a regulator of prostate cancer ra-
dioresistance [10, 11]. Therefore, AKR1B10 might contribute to cancer cell survival and tumor relapse
after radiotherapy by deprivation of retinoic acid and detoxification of carbonyl compounds. Consistent to
this hypothesis, our study showed that low expression of AKR1B10 correlates with longer disease-free
survival of prostate cancer patients treated with radiotherapy.

CXXC5 encodes a transcriptional activator containing a CXXC-type zinc finger domain [12]. The
expression of CXXC5 is upregulated in acute myeloid leukemia, papillary thyroid carcinoma, metastatic
melanoma and breast cancer and has been associated with adverse prognosis in breast tumors and
acute myeloid leukemia [13, 14]. Recent studies of mRNA and protein expression in 65 needle-biopsy
specimens from patients with localized prostate cancer showed that expression of CXXC5 is significantly
higher in tumors and precancerous prostate lesions such as high grade prostate intra-epithelial neopla-
sia (HGPIN) and proliferative inflammatory atrophy (PIA) compared to benign prostate tissue [15]. This
suggests a role of CXXC5 in prostate tumor initiation, although the mechanisms how CXXC5 contributes
to cancer development remain unclear. A study on breast cancer cells showed that upon DNA damage,
CXXC5 plays a role in activation of ataxia–telangiectasia-mutated (ATM)-p53 signaling following growth
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inhibition and activation of DNA double strand break repair, but a knockdown of CXXC5 did not affect
the recruitment of ATM to the sites of double strand breaks suggesting that the role of CXXC5 in the
DNA damage signaling pathway is rather dispensable [16]. Importantly, a growing body of evidence
suggests that CXXC5 is an inhibitor of WNT/beta-catenin signaling in different tissue types including os-
teoblasts, leukemia cells and neural stem cells [17–20]. Our previous studies showed that the activation
of WNT/beta-catenin signaling regulates radioresistance in prostate cancer progenitor cells and that the
inhibition of the WNT pathway results in tumor cell radiosensitization [10, 21]. In agreement with this,
our current study showed that high expression of the WNT inhibitor CXXC5 is associated with longer
disease-free survival of prostate cancer patients treated with radiotherapy.

GRPR encoding a gastrin-releasing peptide receptor is overexpressed in many types of cancers
and is an attractive target for diagnostic imaging and radionuclide therapy [22]. The data on GPRP as
prognostic biomarker in prostate cancer is controversial. A study by Beer et al. with 530 prostate cancer
patients found that low expression of GRPR correlates with a worse Gleason score, high preoperative
PSA levels and larger tumor sizes [23]. In contrast, a study by Nagasaki et al. with 51 human prostate
cancer cases showed opposite results [24]. Further, some studies found that high expression of GRPR
induces EMT in prostate tumor cells and that this is predictive for bone metastasis [25, 26]. Our study
showed that expression of GRPR is lower in both considered radioresistant cell lines (DU145: andorgen
independent, LNCaP: androgen dependent) and that low expression of GRPR is associated with shorter
disease-free survival of prostate cancer patients treated with radiotherapy.

FOXL1 encodes a transcription factor involved in cell proliferation and differentiation that has been
reported as tumor suppressor in pancreatic cancer [27]. Better clinical outcomes of pancreatic duc-
tal adenocarcinoma were correlated with increased FOXL1 expression, whereas reduced expression
of FOXL1 was correlated with metastasis and advanced stages of pancreatic cancer [27]. Mechanis-
tic analyses showed that overexpression of FOXL1 induced apoptosis and inhibited proliferation and
invasion, whereas silencing of FOXL1 inhibited apoptosis and enhanced cell growth and invasion of
pancreatic cancer cells [27]. Further, FOXL1 can activate WNT/beta-catenin signaling in the gut by in-
creasing extracellular proteoglycans [28]. This FOXL1-triggered WNT signaling is required to maintain
an active intestinal stem cell niche [29]. Thus, FOXL1 might counteract an inhibition of WNT signaling
by the marker gene CXXC5. Our study showed that high expression of FOXL1 is correlated with longer
disease-free survival of prostate cancer patients treated with radiotherapy.

FST encodes a gonadal protein (follistatin) that was first identified in ovarian follicular fluid and found
to inhibit the release of the follicle-stimulating hormone [30]. More recent studies also suggest that
FST is further involved in delayed apoptosis under glucose-deprived conditions [31] and metastases
formation in a breast cancer mouse model [32]. Increased expression of FST in breast cancer has
recently been associated with reduced invasion and better survival [33]. Similarly, our study showed
that high expression of FST is associated with longer disease-free survival of prostate cancer patients
treated with radiotherapy.

SOX17 encodes a transcription factor that is involved in embryonic development and cell fate deter-
mination [30]. Low SOX17 expression has been associated with tumor progression and poor prognosis
of breast cancer [34] and with poor prognosis of esophageal cancer [35]. SOX17 has been shown to
represent a key regulator of tumor angiogenesis and tumor progression in mice [36]. Tumors with higher
SOX17 expression might also be more sensitive to cisplatin treatment [37]. Further, SOX17 has re-
cently been shown to restrain proliferation and tumor formation by inhibiting WNT/beta-catenin signaling
in cervical cancer [38]. Thus, like the marker gene CXXC5, SOX17 might contribute to an inhibition of
WNT signaling observed for radiosensitive prostate cancer [10, 21]. In accordance, we found that high
expression of SOX17 is associated with longer disease-free survival of prostate cancer patients treated
with radiotherapy.

PAK7 encodes a serine/threonine protein kinase involved in different signaling pathways including cy-
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toskeleton regulation, cell migration, proliferation and cell survival [30]. A knockdown of PAK7 has been
found to inhibit cell proliferation in gastric cancer [39]. In contrast, we found that high expression of PAK7
is associated with longer disease-free survival of prostate cancer patients treated with radiotherapy.

ITGA2 encodes the alpha subunit of a transmembrane receptor for collagens, laminin, fibronectin,
and E-caderin involved in the regulation of the extracellular matrix [30]. Antibody-based blocking of
ITGA2 has been reported to inhibit cell migration and to induce apoptosis in gastric cancer cells [40]. In
contrast, the inhibition of ITGA2 expression has been found to promote cell migration in breast cancer
[41]. We found that high expression of ITGA2 is associated with longer disease-free survival of prostate
cancer patients treated with radiotherapy.

So far, no cancer-driving roles have been reported for the marker genes STARD4, FHL5, TDRD6, and
LYPLAL1. STARD4 is involved in the intracellular transport of sterols between the endocytic recycling
compartment and the plasma membrane [42]. FHL5 is potentially involved in spermatogenesis and
its closely related protein family member FHL1 has recently been shown to play a role in radiation
resistance [43]. Also TDRD6 is involved in spermatogenesis. LYPLAL1 has similarity to phospholipases
and hydrolyzes short chain substrates, but does not show phospholipase or triacylglycerol lipase activity
[44]. We found that high expression levels of these genes were associated with longer disease-free
survival of prostate cancer patients treated with radiotherapy.
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