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ABSTRACT

Cancer-associated fibroblasts (CAFs) are key elements in the progression of cancer and thereby represent important
targets for cancer therapies. Increased attention has been given to ablative radiotherapy in the clinics. Therefore, in this
study we have aimed at identifying the transcriptional responses occurring in primary CAFs exposed to high-dose irra-
diation. Established primary CAFs obtained from non-small-cell lung cancer (NSCLC) patient material were irradiated
with a single dose of 18 Gy and total RNA was isolated 24 hrs after treatment. Radiation-induced transcriptional altera-
tions were investigated by gene expression analysis using genome-wide microarrays. Obtained results were verified by
gRT-PCR of relevant genes. Confirmation of gene expression outcomes was achieved by diverse functional and expres-
sion assays including DNA damage response, measurements of reactive oxygen species (ROS) by flow cytometry and
senescence-associated f-galactosidase. Irradiation resulted in differential expression of 680 genes of which 557 were
up- and 127 down-regulated. Of those, 153 genes were differentially expressed with a fold-change greater than 1.0 and
an adjusted p-value less than 0.05 across different comparisons (non-irradiated vs. irradiated). Expression patterns re-
vealed profound changes in biological functions and processes involved in DNA repair, apoptosis, p53 pathway, auto-
phagy, senescence, ROS production and immune response. CAFs display pro- and anti-tumorigenic effects after having
received a single high-dose radiation. The measured effects will have an impact on the tumor microenvironment in re-
spect to tumor growth and metastasis.
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1. Introduction by many different cell associated to the malign tissue,
such as cancer-associated fibroblasts (CAFs), pericytes,
lymphocytes, endothelial cells, extracelluar matrix and
myeloid cells [5-7]. CAFs are frequently found in the
reactive stroma of cancers, and their presence in large
number is associated with poor prognosis. When acting
on cancer cells, CAFs promote tumor growth and inva-
sion, and enhance angiogenesis by secreting factors that
activate endothelial cells and pericytes. Through the se-
cretion of cytokines, CAFs and immune cells can exert
both, tumor-suppressing and tumor-promoting effects [8].
Exposure of normal fibroblasts to ionizing radiation
has been a common model to study cellular responses to
genotoxic stress [9,10]. Aiming for a better understand-
ing of the collateral effects induced by ionizing radiation
on normal tissue, some studies have tried to decode the

Hypofractionated radiotherapy is emerging as a new
treatment option for solid neoplasms of different kinds,
including but not limited to medically inoperable stage I
non-smal-cell lung cancers (NSCLC) [1,2]. Advances in
radiotherapy (RT)-technology thus now permit accurate
delivery of high-dose (or ablative) RT to target early-
stage small tumors with acceptable toxicity to the sur-
rounding normal tissue [3]. Clinical outcomes indicate
that ablative RT is associated with improved local con-
trol and overall survival compared with conventional RT
regimens [2,4]. Despite the encouraging clinical out-
comes presented in recent years, little attention has been
paid to the biological reactions associated to ablative
doses of radiation to tumors.

Tumor progression is a multi-step process orchestrated
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overall changes in gene expression on normal fibroblasts
by applying microarray gene technology [9-13]. After
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functional categorization of differentially expressed genes,
some common traits on altered pathways can be denoted
from those studies including DNA damage responses,
regulation of cell cycle and proliferation, programmed
cell death, p53 target genes, signaling pathways, ROS
scavenging and ECM remodeling. Despite the available
knowledge on normal tissue fibroblast responses to RT,
few reports have focused on the effects of RT on intra-
tumoral reactive stromal fibroblast (CAFs). In a recent
study from our laboratory we show that CAF survive to
relative high single radiation doses, however the cellular
phenotype becomes profoundly altered, characterized by
the induction of permanent DNA damage responses and
the acquisition of a senescent phenoltype and growth
arrest [14]. Of note, in that study we show that the ex-
pression of some matrix metalloproteinases becomes
altered along with overexpression of cell surface inte-
grins.

This work is intended to complement our initial study
on radiation-induced responses by tumor-associated fi-
broblast. Following the rational of using single high ra-
diation doses to reproduce the effects provoked by stero-
tactic ablative radiation therapy regimens, in this study
we perform transcriptional profiling to rule out in which
degree CAFs become pro-tumorigenic and/or anti-tu-
morigenic after irradiation. To our knowledge this is the
first time that such a study has been conducted with
freshly prepared CAFs.

2. Materials and Methods

2.1. Human Material, Cell Isolation and CAFs
Cultures

Human CAFs were harvested from freshly resected non-
small lung cell carcinoma (NSCLC) tumor tissues. Tu-
mors from eight patients with an average age of 58 years
(range 44 - 71) were included in this study. The Regional
Ethical Committee (REK-Nord) approved the study, and
all patients provided written informed consent. Fibro-
blasts from tumors were isolated and characterized fol-
lowing standard procedures. Briefly, tumor resections
were collected and cut into 1 - 1.5 mm® pieces. Enzy-
matic digestion of tissues was carried out for 1.5 hrs in
10 mL DMEM/HAM’S F-12 containing bacterial colla-
genase (Cat.#C-9407, Sigma-Aldrich, St. Louis, MO,
USA) at a final concentration of 0.8 mg/mL. Digested
tissue was spun down to eliminate collagenase, and re-
suspended in fresh growth medium (DMEM/HAM’S
F-12 supplemented with 10% FBS). Pure fibroblast cul-
tures were obtained by selective cell detachment from the
primary culture mix used 2 mM PBS-EDTA solution,
and by further cell propagation in the presence of 10%
FBS. Cells were used for experiments after the second
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passage (2 - 3 weeks). The resulting cultures were char-
acterized for purity and cell identity by flow cytometry
using a FITC-conjugated anti-human o-SMA (smooth
muscle a-actin) antibody (Abcam; Cat.#ab8211) (data
not shown), and by immuno-fluorescent staining with
anti-FAP (fibroblast activation protein) antibody (Abcam;
Cat.#ab530066) on formalin-fixed CAF cultures.

2.2. Irradiation of Cells

Radiation protocols were established after initial dose-
escalating pilot trials. Hence, adherent CAFs cultured in
flasks were irradiated at RT with high energy photons
produced by a Varian clinical linear-accelerator, deliv-
ered as single doses of 2, 6, 12 and 18 Gy. Standard pa-
rameters for dose delivery was depth 30 mm, beam qua-
lity 15 MV, dose-rate 6 Gy/min and field size 20 x 20 cm.
Radiation-doses were confirmed to be correct within an
acceptable = 4% by Thermo-Luminescent Dosimeters
(TLDs) [15]. Cell survival/death after radiation was as-
sessed by light microscopy during the initial three weeks,
by automated cell index analyses (xCelligence, Roche)
and by MTT cell proliferation and viability assays [16] at
different time points [14]. The extent of radiation-in-
duced apoptosis and necrosis in CAFs was determined by
staining for annexin V and propidium iodide respectively
(data not shown).

2.3. DNA Damage Response (DDR) Foci
Staining

CAFs were cultured in 2-well chamber slides (Nunc,
Thermo Fisher Scientific, NY, USA), fixed with 4% PFA
in PBS for 10 min at RT and permeabilized with 0.2%
Triton in PBS for 8 min. Slides were then exposed to
blocking buffer containing 2% HSA in PBS, for 30 min
at RT. Primary antibody (Rabbit anti human 53BP1; Cat.
#ab36823, Abcam, Cambridge, UK) was diluted in block-
ing buffer and incubated with CAFs for 45 min at RT.
After washing with PBS, cells were incubated with se-
condary antibody (anti rabbit-Alexa546, Cat.#A11010,
Molecular Probes/Invitrogen, Leiden, The Netherlands)
in blocking buffer, 30 min at RT. A second wash was
followed by preparation of slides in DAPI-Fluoromount-
G (Cat.#0100-20, Southern Biotech, Birmingham, AL,
USA). Specimens were examined in a fluorescence mi-
croscope (Zeiss Axiophot, Germany) equipped with a
Nikon DS-5MC digital camera, and images were pro-
cessed with Adobe® Photoshop Software (CS5).

2.4. Senescence Associated p-Galactosidase
Assays

CAFs were seeded at a density of 20,000 cells per well in
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uncoated 6-well plates and left for attachment for 24 hrs.
Adherent cells were irradiated with a single fraction of
18 Gy. Five days post-irradiation, cultures were washed
twice in PBS, and fixed for 5 min at RT with freshly
prepared paraformaldehyde (2%). p-galactosidase (5-
bromo-4chloro-3-indolyl-B-D-galactopyranoside) stain-
ing was achieved following instructions from the manu-
facturer with the “Senescence Cells Histochemical Stain-
ing Kit” (Cat.no CS0030, Sigma-Aldrich, St. Louise, MO,
USA). The number of f-galactosidase active and sense-
cent cells was determined by counting blue cells under a
Nikon Eclipse TS100 model light microscope, and ran-
domly selected fields were photographed at 1000x mag-
nification, using an Idea SPOT digital camera.

2.5. ROS Measurements

Intracellular ROS was determined using the CM-
H2DCFDA probe (Molecular Probes, Invitrogen, Carls-
bad, CA, USA) and flow cytometry. When oxidized, this
probe can be detected by fluorescence with excitation at
485 nm and emission at 515 nm. Irradiated CAFs were
seeded in 6 well cell culture plates (1 x 10°) with 2 ml of
complete growth medium and incubated overnight at
37°C, 5% CO,. The next day, the cells were washed 2
times with Hanks Balanced Salt Solution with CaCl, and
MgCl, (HBSS) (GIBCO, Invitrogen, Carlsbad, CA) and
incubated for 30 min with 2.5 uM CM-H2DCFDA in
HBSS. Subsequently the cells were trypsinized, resus-
pended in 0.5 ml HBSS and immediately analysed by
flow cytometry (FACSAria, BD Biosciences). Ten thou-
sand events were collected and analyzed by BD
FACSDiva Version 5.0.2. The numbers presented are the
median values of the fluorescent intensity.

2.6. RNA Preparation and Quality/Quantity
Control

Disruption and homogenization of cells were performed
in lysis buffer using the MagNa Lyser Instrument (Roche
Applied Science, Germany) and according to the manu-
facturer’s protocol. Subsequently, total RNA was iso-
lated with the MagNa Pure Compact Instrument and the
MagNa Pure Compact RNA Isolation Kit (Roche Ap-
plied Science, Germany) as previously described [17].
RNA was quantified by measuring absorbance at 260 nm,
and RNA purity was determined by the ratios OD260
nm/280 nm and OD230/280 nm using the NanoDrop
instrument (NanoDrop® ND-1000, Wilmington, USA).
The RNA integrity was determined by electrophoresis
using the BioRad Experion Bioanalyzer (Data not
shown). All the RNA preparations were verified for pos-
sible genomic DNA contamination by a minus-RT-PCR
conducted directly on RNA samples, with human ge-
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nomic DNA as a positive control and amplification of the
human housekeeping gene cyclophilin A. Genomic DNA
was not detected in RNA preparations (Data not shown).

2.7. Probe Generation and Array
Hybridization

Prior to probe generation 1 ug total RNA was amplified
with the Ambion*MessageAmp™ II aRNA Amplifica-
tion Kit (Applied Biosystems Inc., USA). RNA samples
were transcribed to cDNA using the Invitrogen super-
script cDNA synthesis kit (Invitrogen™, USA). cDNA
and Cy3-labelled with the NimbleGen One-Color DNA
Labeling Kit and according to the manufacturer’s proto-
col (Roche NimbleGen, Germany). Labelled probes were
hybridized to a NimbleGen oligo arrays (12 x 135K)
with the Roche NimbleGen hybridization system for 16
hours at 42°C. The microarray slides were washed ac-
cording to the manufacturer’s protocol and scanned with
an Axon GenePix 4000B scanner (Molecular Devices
Inc., USA). Features were extracted by using the Nim-
bleScan v2.5 software.

2.8. Data Analysis and Statistical Analysis

Normalization was carried out using quantile normaliza-
tion [18]. For the purpose of finding differentially ex-
pressed genes, we applied an empirical Bayes analysis
using the LIMMA package [19], and significance was
determined at the 0.05 level corrected for false discovery
rate (FDR) using the Benjamini-Hochberg method [20].
Principal component analysis (PCA) was carried out on
the data in order to visualize the data structure and look
for potential outlier samples [21]. The differentially ex-
pressed genes were annotated by Protein Analysis
THrough Evolutionary Relationships (PANTHER;
http://www.panther.org/). Gene SetEnrichment Analysis
(GSEA) was performed using the R statistical package
(http://www.broad.mit.edu/gsea/). The microarray data
were prepared according to minimum information about
a microarray experiment (MIAME) recommendations
and deposited in the Gene Expression Omnibus (GEO)
database: http://www.ncbi.nlm.nih.gov/geo/. The GEO
accession number for the series is GSE37318.

2.9. Validation of Gene Expression by
Quantitative Real-Time Polymerase Chain
Reaction

Total RNA was prepared representative for four irradi-
ated and non-treated CAF samples each. These were re-
verse transcribed using Transcriptor First Strand cDNA
synthesis Kit (Roche Applied Science, Germany) as de-
scribed in the manufacturer’s protocol. TagMan real-time
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PCR amplification was performed with an ABI HT7900
Instrument (Applied Biosystems) using primers and
probes designed with the Universal Probe Library (Roche
Applied Science, Germany) and Tagman® Gene Expres-
sion Assays (Applied Biosystems). The following prim-
ers and probes and inventory assays have been used:
MMPI11-fw, 5’>-GGTGCCCTCTGAGATCGAC-3’, MMP
11-rev, 5’>-TTCACAGGGTCAAACTTCCAG-3’, MMP-
11 probe #4; ATG16L2-fw,
5’-GGCCACAATGACCAGAAGAT-3’, AGTI16L2-rev,
5’-GGATGACCTGGGTGCAGT-3’, AGTI16L2 probe
#56; COL7Al-fw, 5-GCTGGTGCTGCCTTTCTC-3’,
COL7A1-rev, 5>-TCCAGGCCGAACTCTGTC-3’,
COL7AI1 probe #71; IL12A-fw,
5’-CACTCCCAAAACCTGCTGAG-3’, IL12A-rev,
5’-TCTCTTCAGAAGGTGCAAGGGTA-3’, IL12A
probe #50; GDF15-fw,
5’-CGGATACTCACGCCAGAAGT-3’, GDF15-rev,
5’-AGAGATACGCAGGTGCAGGT, GDF15 pobe # 28;
5’PPIA-fw, 5°-TGCTGGACCCAACACAAAT-3’,
PPIA-rev, 5’-CACATGCTTGCCATCCAA-3’, PPIA
(cyclophilin) probe #48, CYP3A7, Hs00426361 ml;
TP5313, Hs00936520 ml; MDM2, Hs1066930:ml;
FDXR, Hs01031618 gl. Samples of each experiment
were run in triplicate and averaged for final quantifica-
tion. The fold-changes were calculated as described pre-
viously by analysis of relative gene expression data using
real-time quantitative PCR and the 2(-AA(T)) method
[22].

3. Results

3.1. Survival Rates and CAFs Responses to
Ablative Radiation Doses

All the data generated in this study come from cell cul-
tures directly prepared from lung tumor specimens ob-
tained from 8 different donors after surgical resection
(Figure 1). In a previous study from our group we de-
scribe in detail the isolation and characterization of the
tumor fibroblast cultures that have been used also for this
study [14].

Of note, flow cytometry analyses using the fibroblast
specific marker a-SMA reveal a purity above 99.5%,
which gives full credibility to the data generated with this
material. The intrinsic radioresistance of CAFs in dose
escalating trial experiments have also been evaluated and
described by us previously [14]. A single dose of 18 Gy
happens to be sub-lethal for CAFs, however we have
observed that single doses above 12 Gy induce enduring
DNA damage responses (nuclear foci of 53BP1) and the
cells enter into a permanent cell growth arrest or sense-
cence. Hence, based on our previous experience we have
chosen the use of a single dose of 18 Gy as the basis

Copyright © 2013 SciRes.

Figure 1. A 200x magnification phase contrast micrograph
of three weeks old CAFs in monolayer culture is shown in
(A). CAFs are characterized by immunostaining with anti-
FAP (fibroblast activating protein), a specific marker of
reactive fibroblasts (400x magnification) and as shown in

(B).

protocol for conducting this study. In previous studies
done by others on normal fibroblasts, 24 hours post-irra-
diation seems to be the time point where the largest
number of genes is altered [10]. We have therefore set up
24 hours as the single and most relevant time point to
analyse changes in gene expression.

3.2. Radiation-Induced Gene Expression

Large scale molecular responses in CAFs obtained from
NSLC patient material to ablative doses of radiation were
studied by measuring genome-wide transcript-level
changes using human genome survey microarrays as de-
scribed in Materials and Methods. After pre-processing
and normalization, a total of 680 differentially expressed
were found in the group of irradiated CAF samples, of
which 127 genes were down- and 553 were up-regulated
transcripts with p < 0.05 (Supplemental list 1). Of all
differentially expressed genes, 601 could be annotated by
GO terms for biological processes in Kegg
(http://www.genome.jp/kegg/) and are summarized in
Supplemental list 2. Principal component analysis (PCA)
revealed that the major variability in the data set is
caused by the difference between irradiated and non-irra-
diated CAFs (Data not shown). The number and distribu-
tion of 153 differentially expressed genes with fold change
greater than 1 and an adjusted p-value less than 0.05
across different comparisons is shown in Figure 2.

3.3. Radiation-Induced Pathways after
Functional Categorization

Candidate genes which relate to senescence have been
extracted from the GenAge database
(http://genomics.senescence.info/genes/human.html)
(Table 1). In addition, the expression levels of some dif-
ferentially expressed genes found in this study have been
verified by qRT-PCR (Table 2).

Differentially expressed genes were annotated with
PANTHER (http://www.pantherdb.org/) to different bio-
logical processes: cell cycle regulation and DNA repair
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Figure 2. Heatmap of 153 differentially expressed genes in
irradiated CAFs with fold change greater than 1.0 and an
adjusted p-value less than 0.05 are shown. CAF samples are
shown as red bar (top) and non-irradiated CAF samples as
blue bar (top). Legend (bottom) shows the fold change [log,
(radiated) - log, (normal)] color coded values in the heat-
map.

(Table 3), oxidative stress (Table 4), apoptosis (Table 5),
autophagy (Table 6), and cell communication/cell adhe-
sion (Table 7).

Increased expression levels of interleukin 12 (IL-12),
autophagy related protein 16-2 (ATG16L2), growth dif-
ferentiation factor 15 (GDF15), cytochrome P450, family
3, subfamily A, polypeptide 7 (CYP3A7), NADH ade-
nodoxin osireductase (FDXR), transformed 3t3 cell dou-
ble minute 2 (MDM?2), collagen type 7 alpha 1 (COL7A1)
and stromelysin 3 (MMP11), and tumor protein p53 in-
ducible protein 3 (TP53IP3) were confirmed by qRT-
PCR (Table 2). Figure 3 depicts differential expression
of 37 selected genes that are discussed in more detail
below.

3.4. Validation of Expression Data by Functional
Assays

Gene expression analysis indicated that some p53-de-
pendent pathways and the cell cycle regulation machinery
were altered after IR. One end point of such disturbances
is the development of stress-induced cellular senescence.
In our previous study we have performed quantitative
and qualitative measurements of senescence on CAFs
after exposure to either high single dose or fractionated

Table 1. Differentially expressed genes related to ageing/senescence in irradiated CAFs.

HGNC Symbol Common name Biological process FC’
APTX aprataxin stress response +1.3
BAX BCL2-associated X protein apoptosis +1.7
BLM Bloom syndrome, RecQ helicase-like mitosis =52
HMGBI high-motility group box 1 stress response -1.6
HRAS v-Ha-ras Harvey rat sarcoma Viral oncogene homolog apoptosis, cell cyle, growth & development +1.9
HSF1 heat shock transcription factor 1 stress response +1.5
HSPA8 heat shock 70kDa protein 8 stress response -1.2
MDM2 Mdm?2 p53 binding protein homolog cell cycle, apoptosis +3.0
NRG1 neuregulin 1 apoptosis, growth & development +6.9
PARP1 poly (ADP-ribose) polymerase 1 apoptosis -1.2
PCNA proliferating cell nuclear antigen cell cycle +3.3
PIN1 peptidylpropyl cis/trans isomerase 1 Apoptosis cell cycle +1.4
PML promyelocytic leukemia cell cycle apoptosis, +1.4
PPMID protein phosphatase 1D cell cycle stress response, +1.6
PTPNI11 protein tyrosine phosphatase, non-receptor type 11 growth & development -1.3
RCF4 replication factor C4 unclassified -1.7
SUMO1 SMTS3 supressor of mif two 3 homplog 1 apoptosis -1.2
STE24 zinc metallopeptidase unclassified -1.5
*Values are shown as fold-change representing eight independent microarray experiments.
Copyright © 2013 SciRes. JCT
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Gene Symbol Gene name FC” gPCR*

ATGI16L2 autophagy related protein 16-2 +1.89 +1.46 + 0.296
COL7ALl collagen type 7 alpha 1 +3.04 +10.50 £ 0.333
CYP3A7 cytochrome P450, family 3, subfamily A,polypeptide 7 +3.20 +3.30+0.078
FDXR NADH adrenodoxin oxireductase +3.90 +5.22+0.319
GDF15 growth differentiation factor 15 +3.80 +2.14 £ 0.008
IL12A interleukin 12A +2.23 +2.13£0.001
MMP11 stromelysin-3 +2.42 +1.93+0.310
MDM2 transformed 3t3 cell double minute 2 +2.36 +3.32+0.224
TP5313 tumor protein p53 inducible protein 3 +2.12 +1.76 £ 0.361

*Values are shown as fold-change (FC) representing eight independent microarray experiments and “RT-PCR validations in triplicate + S.D. of each representa-

tive RNA sample.

Table 3. Differentially expressed genes (p < 0.05) related to cell cycle regulation and DNA repair in irradiated CAFs.

*

HGNC Symbol Common name FC

ANAPC2 anaphase promoting complex subunit 2 +2.0
ANAPCI1 anaphase promoting complex subunit 11 +1.5
APTX aprataxin +1.3
ASCC3 activating signal cointegrator 1 complex subunit 3 +1.7
BLM Bloom syndrome protein —5.2
CEP164 centrosomal protein 164kDa +1.7
CCNE2 cyclin E2 +4.4
CCNGl cyclin G1 +1.2
CCNK cyclin K +1.2
CCNL2 cyclin L2 +1.5
CDC6 cell division cycle, 6 homolog -3.2
CDC34 cell division cycle, 34 homolog +1.4
DDB2 damage-specific DNA binding protein 2 +2.6
DNASEI1 deoxyribonuclease 1 +1.4
DTL denticleless homolog =5.0
H2BFS H2B histone family, member S +1.7
HISTIH2AC histone cluster 1, H2ac +1.9
HIST1H2BE histone cluster 1, H2be +1.6
HIST1H2BF histone cluster 1, H2bf +2.4
HIST1H2BK histone cluster 1, H2bk +2.5
HISTIH2BO histone cluster 1, H2bo +1.6
LIG1 DNA ligase 1 +2.4
LZTRI1 leucine zipper-like transcritional regulator 1 +1.4
MCM10 minichromosome maintenance complex component 10 —8.3
MKNK1 MAP kinase-interacting serine/threonine-protein kinase 1 +1.4
MNS1 meiosis-specific nuclear structural protein 1 -23
MSH2 DNA mismatch repair protein Msh2 -1.5
PCNA proliferating cell nuclear antigen +3.3
PFTK1 serine/threonine protein kinase PFTAIRE-1 -1.5
PIN1 peptidylprolyl cis/trans isomerase, NIMA-interacting 1 +1.4
POLL DNA polymerase lambda +1.5
PTPRU receptor-type tyrosine-protein phosphatase U +1.8
PRKX serine/threonine protein kinase +1.5
RAGE MAPK/MAK/MRK overlapping kinase +1.6
RBL2 retinoblastome-like protein 2 -1.6
RFC4 replication factor C subunit 4 -1.7
RPA4 replication protein A4 +1.8
SMG6 telomerase-binding protein EST1A +1.4
TRIM28 transcrition intermediary factor 1-beta +1.4
XPC xeroderma pigmentosum, complementation group +1.8

"Values are shown as fold-change (FC) representing eight independent microarray experiments.
Copyright © 2013 SciRes. JCT
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Table 4. Differentially expressed genes (p < 0.05) related to oxidative stress in irradiated CAFs.

HGNC Symbol Common name FC
ACADI10 acyl-CoA dehudrogenase family member 10 +1.3
ACO2 aconitate hydratase, mitochondrial +1.5
AMT aminomethyl transferase, mitochondrial +1.5
BCSIL mitochondrial chaperone BCS1 +1.5
CYCl1 cytochrome c1, heme protein, mitochondrial -1.3
CYP3A4 cytochrome P450, family 3, subfamily A, polypeptide 4 +3.2
CYP3A7 cytochrome P450, family 3, subfamily A, polypeptide 7 +3.2
DECRI1 peroxisomal 2, 4-dienoyl-CoA reductase +1.9
FDXR NADH adrenodoxin oxireductase +4.1
FOXREDI FAD-dependent oxireductase domain-containing protein 1 +1.9
GFER FAD-linked sulfhydryloxidase ALR +1.6
GGT1 gamma-glutamyltransferase 1 +2.5
IDH3B isocitrate dehydrogenease [49] subunitbeta, mitochondrial +1.4
NDUFA2 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 2 +1.6
NDUFA12 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 12 +1.2
NDUFA13 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 13 +1.5
NDUFCI NADH dehydrogenase (ubiquinone) 1, subcomplex unknown +1.8
PTGES2 prostaglandin E synthase 2 truncated form +1.3
SESN1 sestrin-1 +1.9
SESN3 sestrin 3 -1.6
TP5313 tumor protein p53 inducible protein 3 +2.1
UCRC cytochrome b-c1 complex subunit 9 +1.3

"Values are shown as fold-change (FC) representing eight independent microarray experiments.

Table 5. Differentially expressed genes (p < 0.05) related to apoptosis in irradiated CAFs.

HGNC Symbol Common name FC”
Anti-apoptotic
BAG3 BCL2-associated athanogene 3 +4.4
BCL2L1 BCL2-like 1 +2.4
BEX2 brain expressed X-linked 2 +1.9
SYVNI1 synovial apoptosis inhibitor 1, synoviolin +1.5
TRIAP TP53 regulated inhibitor of apoptosis 1 +1.9
Pro-apoptotic
CRADD CASP2 and RIPK 1 domain containing adaptor with death domain +1.6
LRDD leucine-rich repeats and death domain containing +4.1
NALP1 death effector filament-forming ced-4-like apoptosis protein +1.8
PYCARD caspase recruitment domain-containing protein 5 +1.4
Other apoptotic
AKT3 v-akt murine thymoma viral oncogene homolog 3 -13
ASAH3L alkaline ceramidase 2 +2.9
BAGS Bag family molecular chaperone regulator 5 -1.3
BAX BCL2-associated X protein +1.7
BLNK B-cell linker protein +6.5
CYFIP2 cytoplasmic FMR I-interacting protein 2 +9.0
GSK3A glycogen synthase kinase 3 alpha +1.3
MDM2 Mdm?2 p53 binding protein homolog +2.3
SGK2 serine/threonine protein kinase Sgk2 -2.6
TIGAR TP53-induced glycolysis and apoptosis regulator +2.2
TPS5313 tumor protein p53 inducible protein 3 +2.1

"Values are shown as fold-change (FC) representing eight independent microarray experiments.

Copyright © 2013 SciRes. JCT
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Table 6. Differentially expressed genes (p < 0.05) related to autophagy in irradiated CAFs.
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HGNC Symbol Common name FC

APIBI1 adaptor-related protein complex 1, beta 1 subunit +1.7
AP3B2 adaptor-related protein complex 3, beta 2 subunit +2.9
ATG4D ATG4 autophagy related 4, homolog D +1.4
ATGI6L2 ATGI16 autophagy related 16-like 2 +1.9
AP1G2 adaptor-related protein complex 1, gamma 2 subunit +1.6
AP1S1 adaptor-related protein complex 1, sigma 1 subunit +1.7
CLCA2 chloride channel accessory 2 +4.0
CLTB clathrin +1.2
HMGBI high-mobility group box 1 +1.6

"Values are shown as fold-change (FC) representing eight independent microarray experiments.

Table 7. Differentially expressed genes (p < 0.05) related to cell communication/cell adhesion and other biological processes in

irradiated CAFs.

E3

HGNC Symbol Common name FC

ADAM9 ADAM metallopeptidase domain 9 -1.5
AGRN agrin +1.5
ANGPT1 angiopoietin 1 -14
AREG amphiregulin +2.7
ARFGAP1 ADP-ribosylation factor GTPase-activating protein 1 +1.4
ARHGAP30 Rho GTPase-activating protein 30 +1.9
BAIAP2 brain-specific angiogenesis inhibitor 1-associated protein 2 +1.3
CLCA2 chloride channel accessory 2 +4.0
COL7Al collagen, type VII, alpha +3.0
CSF1 colony-stimulating factor 1 +1.7
DUSP6 dual specificity protein phophatase 6 +1.5
DYNCIHI cytoplasmic dynein 1 heavy chain 1 +1.5
EPS8L2 Epidermal growth factor receptor pathway substrate 8-related protein 2 +2.2
GDNF glial cell line-derived neurotrophic factor +3.4
GPCl1 glypican 1 +1.9
GPC6 glypican 6 -1.5
HYALS3 hyaluronidase 3 +2.5
IL12A interleukin 12A +3.1
ILIF10 interleukin 1 family, member 10 (theta) +1.3
KIFIC kinesin-like protein 1C +1.8
KIF7 kinesin-like protein F7 +1.3
MGP matrix Gla protein -1.7
MIB2E3 ubiquitin-protein ligase MIB2 +2.0
MMP11 matrix metallopeptidase 11 (stromelysin 3) +2.4
NINJ1 ninjurin 1 +1.9
NRG1 neuregulin 1 +5.7
PIK4CA phosphatidylinositol 4 kinase, alpha +1.5
PLCD1 phospholipase C, delta 1 +1.9
PLEKHH3 plekstrin homology domain-containing family H member 3 +2.0
PLK3 polo-like kinase 3 +2.0
PLXNA4B plexin A4 -1.9
PLXNBI plexin B1 +2.1
PLXNB3 plexin B3 +3.4
PPM1D protein phophatase 1D +1.6
PPP2RS5C protein phosphatase 2, regulatory subunit B, gamma -1.4
PROCR endothelial protein C receptor +2.0
RAP2B ras-related protein rap-2b +1.8
RBP2 retinol-binding protein 2 +2.0
S100A1 S100 calcium binding protein A1l +1.6
SEPT10 septin 10 -1.3
SETD7 SET domain containing (lysine methyltransferase) 7 -1.2
SFN stratifin +2.2
SHC4 SHC-transforming protein 4 +3.6
STXBP2 syntaxin-binding protein 2 +1.8
SYMPK symplekin +1.3
THSDI thrombospondin, type I, domain containing 1 +2.6
TUPGCP3 gamma-tubulin complex component 3 -1.3
TUPGCP6 gamma-tubulin complex component 6 +1.7
VWCE von Willebrand factor and EGF domain-containing protein +8.7

"Values are shown as fold-change (FC) representing eight independent microarray experiments.
Copyright © 2013 SciRes. JCT
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Figure 3. Heatmap of 37 selected genes in irradiated CAF
samples are shown as red bar (top) and non-irradiated CAF
samples as blue bar (top). Legend (bottom) shows the fold
change [log, (radiated) - log, (normal)] color coded values
in the heatmap.

irradiation [14]. Our data show a potent and permanent
induction of cell senescence after a single insult of 18 Gy
and Figure 4 illustrates the acquisition of the senescent
phenotype by CAFs after exposure to 18 Gy.

One of the most drastically altered pathways after irra-
diation corresponded to DNA damage responses and
chromatin rearrangements (Table 3). Previously we have
conducted quantitative dose-dependent measurements of
DNA damage and repair induced by IR on CAFs. In that
study we show that IR provoke substantial DNA damage
even at low radiation doses, however we saw that arising
nuclear foci were able to resolve at radiation doses lower
than 12 Gy. After a single dose with 18 Gy a strong and
permanent DNA damage response on cells was estab-
lished. An illustration of these observations is presented
in Figure 5.

Intracellular levels of reactive oxygen species (ROS)

Copyright © 2013 SciRes.

were determined as described in detail in the Materials &
Methods. ROS production by CAFs was significantly
increased in irradiated CAFs (Figure 6). Elevated ROS
production has been found to be predominantly a conse-
quence of altered mitochondrial gene expression (Table
4). Increased expression of cytochrome P450, family 3,
subfamily A, polypeptide 7 (CYP3A4) and NADH adre-
nodoxin oxireductase (FDXR) was confirmed by qPCR
(Table 2).

Genes associated with regulation of autophagy and
apoptosis were also transformed after IR (Table 5 and
Table 6). However, expression of apotopic genes like
MDM2 p53 binding protein homolog (MDM?2) and tu-
mor protein p53 inducible protein 3 (TP5313), and ex-
pression of ATG16 autophagy related 16-like 2
(ATG16L2) gene was confirmed by qPCR (Table 2).

In pilot experiments, apoptosis and autophagy were
measured on CAFs at different points after IR by staining
for annexin V on living cells and by using Cyto-ID
Autophagy Detection Kit (ENZO life Sciences) respect-
tively (data not shown). These assays failed to show in-
duction of neither apoptosis nor autophagy in CAFs for
up to two weeks after exposure to 18 Gy, indicating that
the counter balance between the pro- and anti-signaling
mechanisms prevented the ultimate induction of such
pathways.

Figure 4. Induction of cellular senescence was determined
by p-galactosidase staining assay. Adherent CAFs were
irradiated (1 x 18 Gy) and 5 days later examined for the
expression of intra-cytoplasmic g-galactosidase. (A) control
conditions (0 Gy); (B) irradiated cultures (18 Gy).

0Gy

18Gy-24h 18Gy-5days

\

Figure 5. Persistent DDR (DNA Damage Response). Cells
were immunostained for 53BP1 (red, Alexa546) and nuclei
were stained with DAPI (Blue). Homogenous nuclear stain-
ing of 53BP1 was observed in non-irradiated cells, whereas
numerous nuclear foci were observed 24 hours post-radia-
tion. After five days most cells still demonstrated multiple
nuclear foci, with a reduced number of foci when compared
to earlier time points.
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Figure 6. The intracellular ROS production was counted as total H,O, accumulated in cells 24 hours after IR. H,O, levels
were determined in CAFs from 4 different donors by incubating cells with 2.5 mM CM-H2DCFDA for 30 minutes followed
by flow cytometric analyses. Ten thousand events were collected for each measurement and the mean values of the relative
fluorescence were registered. Panels in (a) illustrate ROS staining in CAFs from one representative donor. Continuous lines
correspond to fluorescence patterns in non-irradiated cells; filled peaks correspond to fluorescence intensity in irradiated
cells. In (b), mean fluorescent intensities resulting from FACS analysis from four randomly selected donors is presented.
Fluorescence intensity from non-irradiated cultures was averaged and normalized (open bars) whereas the irradiated coun-
terparts are presented with X-fold increase in surface labeling relative to control cells (filled bars). The asterix (*) indicates

significant differences (p < 0.05) in mean values when compared to the levels in untreated cells.

In addition, the increased expression of genes involved
in cell adhesion, collagen type VII alpha (COL7A1) and
stromelysin 3 (MMP11), and the cytokine interleukin
12A (IL2A) has been confirmed accordingly (Table 2).

4. Discussion

The aim of this study was to examine the impact of
high-dose ionizing radiation on activated cancer-associ-
ated fibroblasts (CAFs) and to predict the consequences
of the induced changes on post-radiation tumorigenesis.
The overall study showed that approximately 80 % of all
differentially expressed genes were up-regulated and 20
% were down-regulated after treatment (Supplemental
list 1). In line with previous reports performed on normal
tissue fibroblasts, our data show that a large extent of
differentially expressed genes belongs to cellular mecha-
nisms related to cell stress, cell cycle, apoptosis, DNA
repair, and other pro-survival pathways. It is expected
that ionizing radiation induces severe genotoxic stresses
in cells, followed by alterations on the expression of
genes involved in biological processes like DNA repair,
cell proliferation, cell cycle, apoptosis and pS53 pathway
as has been also shown in a previous study with primary
human skin fibroblasts [9]. Cell proliferation and cell
cycle checkpoints are some of the pathways profoundly
affected by ablative doses of ionizing radiation (AIR) on
CAFs. Hence, a list of genes involved in cell cycle regu-

Copyright © 2013 SciRes.

lation such as cell division cycle homologs CDC6 and
CDC34, proliferating cell nuclear antigen (PCNA) and
different cylins are all up-regulated, whereas denticless
protein homolog (DTL) and minichromosome mainte-
nance component 10 (MCM10) are down-regulated (Ta-
ble 3). Secondly, (RPA2), Mdm2 p53 binding protein
homolog (MDM2), and damage-specific DNA binding
protein 2 (DDB2), were both up-regulated. In line with
our observations, an increased expression of cylins and
PCNA has been also observed in normal fibroblasts after
lower dose ionizing radiation [11]. In addition, many
histones showed increased expression (Table 3). They do
not only play an important role in transcription regulation,
but are also important team players in DNA repair
mechanisms by being responsible for sustaining chro-
mosomal stability [23]. Putting it together, these data
suggest that CAFs intend to counteract mitotic catastro-
phe after irradiation.

In normal fibroblast radiation exposure, as well as ad-
ministration of genotoxic agents, are able to induce
growth arrest, a phenomenon described as cellular se-
nescence [24]. Senescence is often accompanied by
stimuli like oxidative DNA damage, and a compromised
replicative cell cycle [25]. Although cellular senescence
can be ascribed as a self-regulated tumor suppressor
mechanism, thereby protecting the organisms from de-
veloping cancer, it has been acknowledged that senescent
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stromal fibroblasts are able to expedite epithelial tu-
morigenesis [26]. Ionizing radiation of CAFs revealed
differential expression of a considerable number of genes
that are related to senescence and ageing. Candidate
genes listed have been shown to be involved in sense-
cence at different extents (Table 1).

In our hands, high-dose ionizing radiation results in an
increase of reactive oxygen species (ROS) formation in
CAFs. The provoked enhanced ROS production is re-
flected by alterations in mainly mitochondrial-generated
ROS rather than activation of the NADPH-oxidase (NOX)
system (Figure 3 and Table 4). Of note, the disturbances
in the redox homeostasis of irradiated CAFs have the
potential to lead to increased tumor growth [27]. Pre-
vious studies have shown that normal fibroblasts express
multiple ROS scavenger genes when irradiated with
lower doses [13]. Here, enhanced expression was only
observed for one ROS scavenger, namely gamma gluta-
myl transferase 1 (GGT1).

The expression of genes involved in the regulation of
apoptosis was also modified after AIR, including both
pro- and anti-apoptotic signaling pathways (Table 5).
Thus, the transcription of genes involved in caspase-me-
diated apoptosis (caspase recruitment domain-containing
protein (PYCARD) and caspase and RIP adapter with
death domain (CRADD) was enhanced, which correlates
with observations made in irradiated normal tissue fibro-
blast [11]. However, in our in vitro assays we could not
observe apoptotic cells during the first two weeks post
irradiation. Taken these observations together, we may
conclude that the anti-apoptotic signals had stronger in-
fluence on the final outcomes on cells.

Of importance, a number of genes regulated by or
connected to the tumor suppressor gene p53 were shown
to be up- or down regulated. The observed over-expres-
sion of MDM2 can result in excessive inactivation of
tumor protein p53 in CAFs, thereby diminishing its tu-
mor suppressor function and therefore affecting tumori-
genesis [28] or may act in a pS3-independent manner as
an oncogene [29]. It is hereby noted that nine different
MDM?2 transcripts showed increased expression levels
(see also Supplemental list 1). Their functional and not
yet defined biological implications on the tumor micro-
environment still needs to be elucidated [30]. Increased
expression levels for MDM2 variants have been reported
to be related to radio-sensitivity in the lung [31], and
implies the possibility that CAF to some extent become
radio-resistant after treatment [32]. On the other hand,
up-regulation of the TP53-induced glycolysis and apop-
tosis regulator (TIGAR) may protect irradiated CAFs
against reactive oxigen species and apoptosis induced by
TP53/p53. It has been shown that fibroblasts are also
able to induce an up-regulation of TIGAR expression in
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cancer cells, thereby protecting cancer cells against apop-
tosis and autophagy, as recently described in an auto-
phagic tumor stroma model of cancer [33].

Autophagy, which can be ascribed as both cell sur-
vival and cell death mechanism has been shown to be
activated in tumor cells after ionizing radiation [34].
Here, enhanced expression of a large number of other
genes related to autophagy has been observed (Table 6).
A role for autophagy in CAFs has been recently shown to
be linked to promotion of tumor cell survival [33].
However, the establishment of an autophagic response in
CAFs after AIR still needs to be confirmed, and whether
such stress-induced changes occurring in CAFs could
have an impact on tumor cells also remains to be deter-
mined.

Pro-angiogenic signals released by CAFs contribute
importantly to the overall sustainability of tumors [35,36].
However, the observed decreased expression of the pro-
angiogenic factor angiopoietin 1 ANGPT1, a factor that
mediates reciprocal interactions between the endothe-
lium and surrounding matrix [37], might result in sup-
pressed tumor growth. Several anti-angiogenic mole-
cules showed increased expression in CAFs after high-
dose ionizing radiation which might have a direct impact
on tumor growth. The matrix-derived angiogenesis in-
hibitor thrombospondin type I, domain containing 1
(THSD 1) [38], which is able to confer signals like
thrombospondin 1 [39-41], and interleukin 12A (IL-12A)
[42], both may be able to reduce tumor growth rate. In
contrast, several semaphorin receptors which are able to
confer both, pro- and anti-angiogenic signals are differ-
entially expressed in irradiated CAFs (Table 7). The ob-
served differential expression of plexins PLXNBI,
PLXNB3 and PLXA4B imply a role for CAFs on endo-
thelial cell migration [43]. Their role in normal lung and
in invasive growth and cell migration in lung cancer has
been discussed [44,46]. Interestingly, the activation of
PLXNBI and PLXNB3 in irradiated CAFs might inhibit
integrin-based adhesion and cell migration on the ECM
as has been reported earlier for normal fibroblasts [47].

Together with immune cells, fibroblasts are able to
support the survival of the tumor [48,49]. Although many
genes involved in signaling pathways for growth factors
(i.e. EGF/EGFR) have been identified in CAFs [48-51], a
differential expression of these particular growth factors
or receptors has not been observed by us. Interestingly,
two members of the epidermal growth factor (EGF) fam-
ily downstream of the EGF receptor pathway have been
found with increased expression in irradiated CAFs: the
autocrine growth factor and mitogen for fibroblasts am-
phiregulin (AREG), and epidermal growth factor recap-
tor pathway substrate 8-related protein 2 (EPS8L2). In-
creased expression of AREG might have an effect on
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tumor growth since it has been shown that AREG can
inhibit growth and apoptosis in certain aggressive ade-
noma cell lines in culture [52]. However, increased ex-
pression of EPS8 has been linked to progression of
squamous carcinogenesis and might confer pro-tumori-
genic effects on the surrounding tumor tissue [53]. It is
therefore tempting to speculate that alternative signaling
mechanisms may deregulate EGFR signaling during car-
cinogenesis, such as over-expression or activation of
EGF/EGFR pathway intermediates.

CAFs express extracellular matrix (ECM) proteins and
matrix regulatory agents, thereby providing a favourable
microenvironment for cancer cells which is followed by
a stimulation of proliferation of tumors and metastasis
[54-56]. The increased expression of collagen type VII,
alpha COL7A1 might sustain the stability of the cellular
organization within the tumor microenvironment by con-
tributing to epithelial basement membrane organization
and adherence by interacting with ECM proteins. On the
other hand, the matrix metalloproteinase 11 (stromelysin
3) (MMPI11) is the solely significant differentially ex-
essed matrix metalloproteinase after irradiation. The en-
hanced expression of MMP11 in CAFs could promote
cancer progression by remodeling the ECM and confers
anti-apoptotic and anti-necrotic effects on tumor cells
[57]. Numerous studies have linked increased MMP11
expression in different human cancers with poor disease
prognosis [58,59], and have been recently suggested to
represent a new prognostic indicator for gastric cancer
[60]. In addition, the ECM protein Gla protein (MGP)
showed decreased expression which can be associated
with poor prognosis of lung cancer as has been recently
reported for colorectal adearcinoma [61]. A potential role
for MGP as a prognostic marker for breast cancer has
also been implied [62]. Increased expression levels of
multiple splice variants for neuregulin-1 (NRG1) in
CAFs (see also Supplemental list 1) might have an im-
pact on neighboring epithelial cells by inducing their
growth and differentiation [63,64]. Elevated expression
of gasdermin B (GSDMB) imply a regulatory role for
irradiated CAFs on the adjacent epithelial cells, as aug-
nted expression of GSDML has been correlated to cancer
progression in the gastric epithelium [65].

In conclusion, CAFs are able to survive ablative ra-
diation doses, but such insult provoke prominent cellular
damages and consequently numerous genes implicated in
DNA repair, cellular stress and cell survival pathways are
activated. Our analyses show that CAFs display both pro-
and anti-tumorigenic effects after having received a sin-
gle high-dose of ionizing radiation. These effects might
have an impact on the tumor microenvironment in re-
spect to tumor growth and metastasis. The complexity of
the observed differential gene expression patterns and

Copyright © 2013 SciRes.

implicative biological effects are interesting future ob-
jecttives for further elucidations.
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Supplemental list 1. Differentially expressed genes in irradiated cancer-associated fibroblasts.
abi gene p value adjusted p value fold diff
NM_ 138763 BAX 1.81E-009 8.17E-005 0.768024 1.702935451
NM_ 198947 FAMI111B 1.02E-007 0.002286929 —2.58423 —5.996961141
BC024648 PHPT1 2.72E-007 0.003977702 0.684596 1.607251359
AL137582 BAG3 3.53E-007 0.003977702 0.775614 1.711918429
NM_013960 NRG1 5.27E-007 0.004743616 2.464606 5.519760939
BC107485 NEURL2 8.86E-007 0.006652829 1.363829 2.5736732
NM 000882 IL12A 1.18E-006 0.007551732 1.619253 3.072159968
NM 005393 PLXNB3 1.44E-006 0.007551732 1.761463 3.390418511
NM_014010 ASTN2 1.52E-006 0.007551732 1.446603 2.725654531
NM_182649 PCNA 1.95E-006 0.007551732 1.728062 3.312825093
BC012163 MRPLS53 2.05E-006 0.007551732 0.626831 1.544169132
NM_003512 HIST1H2AC 2.30E-006 0.007551732 0.853099 1.806377242
NM 006014 XX-FW81657B9.4 2.40E-006 0.007551732 0.877515 1.837208096
NM_005762 TRIM28 2.40E-006 0.007551732 0.477001 1.391847027
NM_015657 ABCA12 2.52E-006 0.007551732 1.634961 3.105792397
NM_002756 MAP2K3 3.28E-006 0.009231482 0.573737 1.488373917
NM_198188 ASTN2 3.51E-006 0.009303796 1.82306 3.538308168
BC065913 ASB6 4.24E-006 0.010612757 0.809592 1.752715705
BC053682 COTL1 4.54E-006 0.010752587 0.565244 1.479637227
BC032503 ANAPC2 5.46E-006 0.011440042 0.969125 1.957652542
NM_000251 MSH2 5.90E-006 0.011440042 -0.5434 —1.457400956
NM_013958 NRG1 6.29E-006 0.011440042 2.788939 6.911211173
XM 928391 LOC653611 6.48E-006 0.011440042 1.046302 2.065229185
NM_032431 SYVNI1 6.73E-006 0.011440042 0.625822 1.543089849
BC007015 CCNE2 6.99E-006 0.011440042 -2.15266 —4.446476235
NM 133172 APBB3 7.07E-006 0.011440042 0.703604 1.628568141
BC003080 HSPC171 7.30E-006 0.011440042 0.655253 1.574892306
NM_006271 S100A1 7.71E-006 0.011440042 0.716574 1.643275218
NM_001014987 LAT 7.72E-006 0.011440042 0.896101 1.861029934
BC108737 HIST1H2BK 7.72E-006 0.011440042 1.345575 2.541314945
AK026810 TAF7L 8.14E-006 0.011440042 2.562542 5.907477687
AKO057029 HTF9C 8.23E-006 0.011440042 0.686178 1.609015677
NM_181738 PRDX2 8.44E-006 0.011440042 0.463577 1.378956969
BC005896 HYAL3 8.64E-006 0.011440042 1.320064 2.496772504
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NM_006878 MDM2 9.39E-006 0.01177774 1.222556 2.333598241
BC092487 ASAH3L 9.42E-006 0.01177774 1.740934 3.342516066
NM_033388 ATG16L2 1.01E-005 0.01202843 0.924626 1.898191986
NM_006232 POLR2H 1.01E-005 0.01202843 0.700125 1.624645442
BC101544 GRIPAPI 1.10E-005 0.012696458 0.719984 1.647163924
AF385325 MDM2 1.13E-005 0.012696458 1.387494 2.61623886
NM_013962 NRG1 1.19E-005 0.012840948 2.424391 5.368023002
NM_002392 MDM2 1.20E-005 0.012840948 0.933639 1.910088158
NM_002434 MPG 1.35E-005 0.014091567 0.631122 1.548768522
BC000298 NINJ1 1.43E-005 0.014647145 1.003179 2.004411248
AK023030 IMJID4 1.54E-005 0.015141866 0.717407 1.644224074
BC013685 MRPL2 1.55E-005 0.015141866 0.604732 1.520696638
BC011762 CYFIP2 1.62E-005 0.015558825 2.040759 4.114618331
NM_001254 CDC6 1.67E-005 0.015635117 —1.65638 —3.152240503
XM_929083 LOC653319 1.78E-005 0.015950766 0.65515 1.574779228
BC018722 ASPSCRI1 1.79E-005 0.015950766 0.49265 1.407027358
NM_013964 NRG1 1.87E-005 0.015950766 2.052564 4.148427122
XM_929687 LOC646739 1.90E-005 0.015950766 2.057284 4.162020136
NM_004110 FDXR 1.91E-005 0.015950766 2.181207 4.535328896
AF385327 MDM2 1.93E-005 0.015950766 1.089126 2.127451263
BC070493 TOBI 1.95E-005 0.015950766 0.757875 1.690997951
NM_015655 ZNF337 2.06E-005 0.016199911 0.762378 1.696284223
CR592601 HTF9C 2.06E-005 0.016199911 0.743771 1.674546788
AF370432 PML 2.09E-005 0.016199911 0.459983 1.375525262
NM_003172 SURF1 2.12E-005 0.016199911 0.730661 1.659399508
AK125827 LRRC41 2.23E-005 0.016736193 0.256379 1.194477114
BC002649 HIST1H1C 2.33E-005 0.01697618 1.161077 2.236243048
BC031558 Clorfl183 2.37E-005 0.01697618 1.386175 2.613848298
XM_934793 DENND4B 2.43E-005 0.01697618 0.38942 1.309866399
BC007518 HIST1H3H 2.44E-005 0.01697618 1.4268 2.688497932
NM_000094 COL7A1 2.45E-005 0.01697618 1.604835 3.041610634
BC067436 CYP3A7 2.52E-005 0.01717885 1.596736 3.024581609
NM_013956 NRG1 2.64E-005 0.017765058 2.53177 5.782807855
MS80185 PML 2.69E-005 0.017793919 0.673749 1.595213097
AK001070 ZNF692 2.73E-005 0.017793919 0.768237 1.703186724
BC041667 EYA3 2.87E-005 0.018025584 —0.54224 —1.456230612
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NM_001025593 ARFIP1 2.89E-005 0.018025584 —0.52497 —1.43890505
NM_033200 BC002942 2.90E-005 0.018025584 0.659475 1.579507307
AF064771 DGKA 2.95E-005 0.018025584 0.846342 1.797937033
BC005091 HERPUD2 2.97E-005 0.018025584 —0.47142 —1.386468691
NM_004628 XPC 3.07E-005 0.018025584 0.828717 1.776105322
AF385322 MDM2 3.11E-005 0.018025584 1.030412 2.042608064
BC003099 DPH1 3.12E-005 0.018025584 0.707869 1.633390081
BC028337 GCS1 3.15E-005 0.018025584 0.503381 1.417531968
NM_002486 NCBP1 3.16E-005 0.018025584 —0.35423 —1.2783016
AF385323 MDM2 3.26E-005 0.018157822 1.279149 2.426957431
NM_032324 Clorf57 3.27E-005 0.018157822 0.66364 1.584073802
BC070314 MGP 3.32E-005 0.018239392 —0.77447 —1.710559503
AK091661 DCTN3 3.45E-005 0.018727419 0.867575 1.824592969
NM_020375 Cl12orf5 3.51E-005 0.018833349 1.140114 2.203983739
NM_017445 H2BFS 3.72E-005 0.01972195 0.734732 1.664087997
BC019269 MRPL16 3.83E-005 0.020044557 0.069647 1.049460059
NM_001039476 Cl6orf35 3.88E-005 0.020094339 0.631713 1.54940335
CR605682 LYPLA2 4.02E-005 0.020402425 0.796434 1.736803381
NM_025165 ELL3 4.03E-005 0.020402425 0.621991 1.538997666
AF054506 SLC12A4 4.19E-005 0.0206016 0.741354 1.671743996
NM_182706 SCRIB 4.19E-005 0.0206016 1.133978 2.194630675
CR598294 Clorf66 4.21E-005 0.0206016 0.821877 1.767704092
NM_130459 TOR2A 4.25E-005 0.0206016 0.78156 1.718989092
AK123386 unknown 4.40E-005 0.020604536 0.837939 1.787495266
NM_032885 ATG4D 4.45E-005 0.020604536 0.534127 1.448065937
BC062362 RPUSD3 4.45E-005 0.020604536 0.629028 1.546522703
BC110622 LIGI 4.57E-005 0.020604536 1.233335 2.351099013
NM_005632 SOLH 4.68E-005 0.020604536 0.554222 1.468376578
NM 005223 DNASEI1 4.69E-005 0.020604536 0.462391 1.377823672
NM 024328 THTPA 4.70E-005 0.020604536 0.806855 1.749393213
NM_206920 MAMDC4 4.72E-005 0.020604536 1.063317 2.089730133
XM 934621 LOC284184 4.76E-005 0.020604536 1.02759 2.038616432
NM_013301 HSU79303 4.79E-005 0.020604536 0.726878 1.655054002
AF385324 unknown 5.10E-005 0.020604536 1.604606 3.041125889
BC069473 GGT1 5.11E-005 0.020604536 1.312771 2.484181921
AF176921 unknown 5.11E-005 0.020604536 2.886867 7.39662435
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NM_145059
NM_017722
XM 930513
BC039024
BC069418
NM_015209
AK127080
NM_012170
NM_022767
NM_000613
NM_017905
NM_004328
NM_007150
AL834398
AK055777
NM_003869
NM_003917
AY930112
NM_006881
BC006523
BC002882
NM_000903
XM 932518
BC018143
NM_006225
BC000491
NM_018494
AF319947
XM 928241
NM_004480
NM_033004
XM_933587
NM_003805
BC078144
NM_006019

NM_033240

FUK
TRMTI
LOC440456
FBX022
CYP3A4
RP1-21018.1
LZTR1
FBX022
ISG20L1
HPX
TMCO3
BCSIL
ZNF185
LSM14A
FLYWCH1
CES2
AP1G2
DGKA
MDM2
SGK2
Cl6orf5
NQOI1
LOC644923
CDC34
PLCDI1
PCNA
LRDD
MMSI19
LOC643452
FUT8
NALP1
LOC643556
CRADD
SULT1A4
TCIRG1

PML

5.15E-005

5.23E-005

5.34E-005

5.43E-005

5.45E-005

5.51E-005

5.59E-005

5.62E-005

5.64E-005

5.64E-005

5.68E-005

5.69E-005

5.70E-005

5.72E-005

5.73E-005

5.80E-005

5.83E-005

5.86E-005

5.88E-005

5.92E-005

5.92E-005

5.94E-005

5.99E-005

5.99E-005

6.18E-005

6.46E-005

6.47E-005

6.49E-005

6.49E-005

6.49E-005

6.51E-005

6.54E-005

6.55E-005

6.61E-005

6.64E-005

6.65E-005

0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536
0.020604536

0.020604536

1.000631
0.86186
0.764318
0.876871
1.675782
0.603114
0.49886
1.194935
0.726529
1.330857
—0.41016
0.608159
0.577086
—0.36327
0.544903
0.986578
0.658535
1.163852
1.408208
—1.36108
0.540191
—0.59173
—0.3949
0.453384
0.906876
1.36268
2.041902
0.422518
—0.51581
—0.51548
0.833615
0.610897
0.646205
0.707714
0.363656

0.531943

2.000874678
1.817380484
1.6985666
1.836388403
3.194925896
1.518991706
1.413096403
2.289345202
1.654652821
2.515521393
—1.328837059
1.524312942
1.491833043
—1.2863396
1.458922371
1.981479327
1.578478896
2.240548918
2.654072044
—2.568780585
1.454165515
—1.507057308
—1.314852061
1.369248658
1.87498064
2.571625345
4.11788099
1.340264634
—1.429800129
—1.42947169
1.782145605
1.527208453
1.56504606
1.63321418
1.286682725

1.445874775
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NM_018676 THSDI1 6.67E-005 0.020604536 1.405445 2.648995451
BC104992 KIAA1033 6.81E-005 0.020604536 —0.49818 —1.412426327
BC093632 FAAH 6.83E-005 0.020604536 1.1291 2.18722269
NM_015169 RRSI1 6.92E-005 0.020604536 0.779009 1.715952137
NM_080749 NEURL2 6.94E-005 0.020604536 1.043313 2.060954583
NM_003534 HISTIH3G 6.98E-005 0.020604536 0.773666 1.709608644
AY359091 ARNT 6.99E-005 0.020604536 —0.49157 —1.4059694
BC105637 OGFOD2 7.08E-005 0.020604536 0.88945 1.85246971
NM_006536 CLCA2 7.13E-005 0.020604536 1.987447 3.965347424
NM_006880 MDM2 7.25E-005 0.020604536 1.140287 2.204248353
XM_928729 LOC645719 7.26E-005 0.020604536 0.483691 1.3983167
NM_017460 CYP3A4 7.30E-005 0.020604536 1.646393 3.130499695
BC069522 RBP2 7.33E-005 0.020604536 1.007376 2.010251338
NM_ 181573 RFC4 7.33E-005 0.020604536 —0.78187 —1.719360163
NM_006844 ILVBL 7.38E-005 0.020604536 0.376307 1.298014812
BC029360 SUV39H2 7.39E-005 0.020604536 —0.58396 —1.498954432
NM 198576 AGRN 7.43E-005 0.020604536 0.558501 1.472738366
NM_001003692 ZMATS 7.50E-005 0.020604536 0.83809 1.787681974
NM_013959 NRG1 7.52E-005 0.020604536 2.619473 6.145254462
AM180340 BLNK 7.54E-005 0.020604536 2.706194 6.525976329
NM_005940 MMP11 7.60E-005 0.020604536 1.280345 2.42897061
NM_000666 ACY1 7.69E-005 0.020604536 0.649747 1.56889254
NM 001007523 F8A2 7.71E-005 0.020604536 0.696871 1.620984908
NM_018209 ARFGAP1 7.72E-005 0.020604536 0.459677 1.37523368
AY444560 C8orf38 7.76E-005 0.020604536 1.443874 2.720504354
AY358149 THSDI1 7.79E-005 0.020604536 1.508763 2.845658704
AKO000538 ZNF692 7.81E-005 0.020604536 0.579584 1.494418065
BC053670 FLJ21736 7.85E-005 0.020604536 2.606133 6.088692786
BC005272 MGP 7.88E-005 0.020604536 —0.77654 —1.713013501
BC009189 NDUFAI13 7.91E-005 0.020604536 0.630508 1.548110487
NM_025233 COASY 7.97E-005 0.020604536 0.456961 1.372647484
NM_014278 HSPA4L 7.98E-005 0.020604536 1.137377 2.199807032
BC002984 THTPA 8.01E-005 0.020604536 0.619879 1.536746559
BC101631 CYP3A4 8.13E-005 0.020798939 1.773076 3.41781858
NM_018244 C20orf44 8.24E-005 0.020971002 0.781028 1.718354723
NM_152277 DC-UbP 8.34E-005 0.021096576 —0.53018 —1.444110612
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NM_139005 HFE 8.51E-005 0.021123479 0.466799 1.382040016
CR594512 FDXR 8.52E-005 0.021123479 1.944309 3.848535056
AF092844 MDM2 8.56E-005 0.021123479 1.246143 2.372064052
NM_000514 GDNF 8.57E-005 0.021123479 1.841456 3.583714249
XM 926697 FLJ44451 8.63E-005 0.021123479 0.665459 1.586072686
NM_001024938 SLC2A11 8.65E-005 0.021123479 0.691689 1.615173505
NM_018161 NADSYNI1 8.68E-005 0.021123479 0.965844 1.95320651
NM_022497 MRPS25 8.77E-005 0.021214728 0.39213 1.312329298
NM_194430 RNASE4 8.85E-005 0.021214728 —0.32499 —1.252658661
NM_152718 VWCE 8.86E-005 0.021214728 3.125943 8.729768798
BX647267 HMGBI1 9.07E-005 0.021395376 —0.64022 —1.558566661
BC106879 STRN 9.07E-005 0.021395376 —0.58613 —1.501215357
AM180330 BLNK 9.07E-005 0.021395376 2.739121 6.676633227
BC011735 PLSCR3 9.22E-005 0.021617615 0.600885 1.51664708
NM_006404 PROCR 9.34E-005 0.021803886 0.99811 1.997381787
NM_018275 FLJ10925 9.54E-005 0.021836594 0.768826 1.703882289
XM 928682 LOC645671 9.54E-005 0.021836594 —-0.55613 —1.470318841
NM_024531 GPR172A 9.54E-005 0.021836594 0.448516 1.364635899
NM_032601 MCEE 9.55E-005 0.021836594 1.075926 2.108075068
BC005359 GMFB 9.74E-005 0.022004015 —0.35951 —1.282988834
NM_032038 SPIN1 9.81E-005 0.022004015 0.467335 1.382552939
BC035817 FLJ11286 9.83E-005 0.022004015 0.8416 1.792036255
NM_175063 LOC284361 9.97E-005 0.022004015 0.569923 1.48444383
NM_003146 SSRP1 1.00E-004 0.022004015 —0.34641 —1.271390356
NM_000794 DRD1 0.000100151 0.022004015 1.297878 2.45866995
AF258573 RBEDI1 0.00010043 0.022004015 0.779479 1.71651036
NM_002673 PLXNBI 0.000100515 0.022004015 1.068407 2.097116451
NM_019103 ZMATS 0.000100656 0.022004015 0.816691 1.761361448
BC002869 STXBP2 0.000101753 0.022136538 0.848131 1.800166728
BC013294 DKFZP56400823 0.000102563 0.022205475 1.195626 2.290441291
XM_929677 LOC286239 0.000103721 0.022348661 —0.83317 —1.781593484
NM_001120 TETRAN 0.000105315 0.022584127 0.62249 1.539529861
NM_005749 TOB1 0.000106266 0.022679932 0.435847 1.352704688
NM_002917 RFNG 0.000107727 0.022797458 0.497059 1.411333856
XM_375806 DENND4B 0.000108328 0.022797458 0.446105 1.362357412
BC053675 TMPO 0.000108513 0.022797458 —1.69503 —3.237831441
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NM_003562 SLC25A11 0.000109199 0.022797458 0.490737 1.405162277
NM_013314 BLNK 0.000109348 0.022797458 2.921617 7.576950496
AK097937 unknown 0.000110195 0.022868298 —0.55121 —1.465310533
NM_001127 APIBI1 0.000111364 0.022991949 0.789246 1.728171284
NM_016462 TMEM14C 0.000111812 0.022991949 0.299215 1.230474297
NM_ 182543 NSUNG6 0.000112462 0.023020471 0.500217 1414426187
NM_030648 SETD7 0.000113028 0.02303167 —0.28057 —1.214671718
NM_ 198044 ZDHHC16 0.000114044 0.023082388 0.320138 1.248449664
NM_001657 AREG 0.000114302 0.023082388 1.416703 2.669747068

U46461 DVLI 0.000115408 0.023139525 0.403262 1.32249436
AKO055216 QTRTI1 0.000116011 0.023139525 0.664524 1.585045621
X53280 BTF3 0.00011642 0.023139525 0.36662 1.289328687
NM_014855 KIAA0415 0.000116641 0.023139525 0.754598 1.687161907
AX775899 unknown 0.000117789 0.023231215 0.567198 1.481643398
BC104982 IL12A 0.000118293 0.023231215 1.159623 2.233990988
NM_000422 KRT17 0.00011865 0.023231215 —0.69737 —1.621551574
AKO055636 ANTXR2 0.000120044 0.023283202 —0.39239 —1.312570321
BC033907 SHC4 0.000120661 0.023283202 1.848102 3.600262955
NM_024112 C9orf16 0.000120759 0.023283202 0.585317 1.500368858
BC058160 LOC554234 0.000120984 0.023283202 —1.00962 —2.013380045
AKO097538 FLJ21736 0.000121598 0.023301705 2.698498 6.491259401
XM_933562 LOC643556 0.000122153 0.023308956 0.452226 1.368149336
NM 013274 POLL 0.000124176 0.02345206 0.582656 1.497603411
NM_001009925 C200rf30 0.000124452 0.02345206 0.354268 1.278336452
NM_ 175841 SMO 0.000124695 0.02345206 0.776625 1.713118955
NM_014014 ASCC3L1 0.00012594 0.02345206 0.486793 1.401326211
NM_014267 Cllorf58 0.000125968 0.02345206 —0.23582 —1.177577381
NM_015133 MAPKSIP3 0.000126515 0.02345206 0.541048 1.455028988
NM 003858 CCNK 0.000126699 0.02345206 0.259691 1.197222071
NM_022372 GBL 0.000127327 0.02345206 0.384275 1.305203284
NM_015949 C7orf20 0.00012759 0.02345206 0.719948 1.647123179
NM_003946 NOL3 0.000128894 0.02352597 0.763178 1.697224864

BC012362 RAP2B 0.000129037 0.02352597 0.843525 1.7944289
NM_006396 SSSCAL1 0.000130792 0.023749891 0.581673 1.496583596
BC047881 FAMSAL 0.000134324 0.024293183 —0.63622 —1.554255431
BC022276 CPM 0.000135709 0.024319547 1.734674 3.328041804
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NM_012075 Cl6orf35 0.000136684 0.024319547 0.634592 1.552498833
NM_024927 PLEKHH3 0.000137188 0.024319547 0.96858 1.956912925
NM_005834 TIMM17B 0.000137441 0.024319547 0.709074 1.634754262
NM_015679 TRUB2 0.000137511 0.024319547 0.50177 1.415949904
BC065235 SPIN1 0.000137864 0.024319547 0.330978 1.257866109
NM_207329 MYADML 0.00013825 0.024319547 —0.40323 —1.322464391
NM_017865 ZNF692 0.000140582 0.02463352 0.890252 1.853499829
BCO013116 CLIPR-59 0.000143743 0.025038337 0.458221 1.373846884
NM_031957 KRTAP1-5 0.00014464 0.025038337 1.160349 2.235115291
NM_004148 NINJ1 0.00014472 0.025038337 0.928226 1.902933983
NM 024741 ZNF408 0.000145116 0.025038337 0.606996 1.523084531
XM_933610 LOC643556 0.000150267 0.025631098 0.78141 1.718810229
NM_032326 MGC4618 0.000150727 0.025631098 0.52004 1.433994804
NM_022749 RAI16 0.000151485 0.025631098 0.702885 1.627756994
BC112920 HSPAS 0.000151565 0.025631098 —0.23666 —1.178260308
NM_001002843 SUHW4 0.000152012 0.025631098 —0.24981 —1.189051217
BC006567 SYMPK 0.000152346 0.025631098 0.341263 1.266864828
NM_005526 HSF1 0.000152536 0.025631098 0.536363 1.450311334
NM_001009812 LBX2 0.000155647 0.026056749 0.562814 1.477147166
NM_004864 GDF15 0.000157544 0.026242679 1.928 3.805272285
NM_024661 CCDC51 0.000159507 0.026242679 1.098491 2.141306089
NM_175840 SMO 0.000159737 0.026242679 0.643258 1.561851966
XM_930679 RP11-144G6.7 0.000160465 0.026242679 0.61926 1.536087253
BC000653 DNPEP 0.000160559 0.026242679 0.274029 1.209180082
NM_004377 CPT1B 0.000161008 0.026242679 1.008058 2.011202224
NM_177938 PH-4 0.000161173 0.026242679 0.523886 1.437823097
NM_002337 LRPAPI1 0.00016142 0.026242679 0.642737 1.561288503
AF201370 MDM?2 0.000162009 0.026243671 1.242205 2.365597313
BC112054 VARSL 0.000163921 0.026401856 0.476734 1.391590266
NM_080593 HIST1H2BK 0.000164158 0.026401856 1.408705 2.654987956
AK092491 unknown 0.000165057 0.026451984 0.591021 1.506312004
BC069757 PRO1768 0.000165746 0.026468295 0.903213 1.870227053
NM_004073 PLK3 0.000167437 0.026643797 1.019965 2.027869531
NM_001033053 NALP1 0.000169306 0.026846387 0.795635 1.735840854
NM_016535 ZNF581 0.000170936 0.026945444 0.339112 1.264977525
NM_ 181493 ITPA 0.000171744 0.026945444 0.530141 1.444070164
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AKO056120 CCNL2 0.00017175 0.026945444 0.621656 1.538639833
XM_211367 LOC284184 0.000172581 0.026945444 1.006507 2.009040442
NM_001146 ANGPT1 0.000172923 0.026945444 —0.48271 —1.39736319
NM_031232 NECAB3 0.000175342 0.027228157 0.974428 1.964862444
NM_032621 BEX2 0.000176565 0.027323873 0.913273 1.883313264
BC002359 TSN 0.000177905 0.027436973 —0.17092 —1.125773416
BC032244 REXO1 0.000179497 0.027445671 0.588425 1.503604011
NM_175047 PILRB 0.000179534 0.027445671 0.586563 1.501664658
BC070035 NR1D2 0.000179839 0.027445671 —0.65656 —1.576323788
NM_016826 0GGl 0.000180399 0.027445671 0.509329 1.423387779
NM_001004426 PLA2G6 0.000182006 0.027493944 1.292141 2.448912101
NM_001376 DYNCIHI 0.000182718 0.027493944 0.579959 1.494806357
NM_ 198850 PHLDB3 0.000183038 0.027493944 1.312085 2.483000613
BC035214 SRPK2 0.00018384 0.027493944 —0.33381 —1.260334799
NM_001010915 PTPLAD2 0.000184367 0.027493944 —0.70564 —1.630870668
NM_001001824 OR2T27 0.000185297 0.027493944 —-0.50226 —1.416426308
BC063785 PGBD2 0.000185833 0.027493944 0.789353 1.728298857
NM_018467 MDS032 0.000186501 0.027493944 0.423527 1.341202599
NM_031472 TRPT1 0.000187663 0.027493944 0.836842 1.786135753
AJ278977 MDM2 0.000188358 0.027493944 1.583683 2.997339642
AKO000938 ZNF691 0.000188929 0.027493944 0.51907 1.433031363
NM_004567 PFKFB4 0.00018918 0.027493944 1.213481 2.318964224
NM_ 004699 FAMS0A 0.000189284 0.027493944 0.560794 1.475080667
NM_003522 HIST1H2BF 0.000189863 0.027493944 0.761616 1.695388163
BC031077 GRIN2C 0.000189874 0.027493944 1.273981 2.418278908
BC064570 Cllorf31 0.000191739 0.027583135 0.677328 1.599174971
NM_153335 LYKS5 0.000192279 0.027583135 0.666599 1.587326787
NM_147184 TP5313 0.000192629 0.027583135 1.059109 2.083644115
BC038094 IFT20 0.000194391 0.027583135 0.413852 1.332237719
NM_145036 CCDC46 0.000194889 0.027583135 —0.70213 —1.626904814
NM_000254 MTR 0.000195442 0.027583135 —0.20971 —1.156458238
NM_001033551 TOMIL2 0.000195803 0.027583135 0.53162 1.445551101
BC069119 GDNF 0.000197027 0.027583135 1.773429 3.418655826
AK127093 DGKA 0.000197158 0.027583135 1.105381 2.151557067
NM_198061 CES2 0.000197303 0.027583135 0.917607 1.888979962
BC069753 RFPL3 0.000197628 0.027583135 0.796727 1.737155061
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BC065741 RPUSD3 0.000197841 0.027583135 0.719335 1.646423204
NM_207013 TCEB2 0.000199815 0.027772422 0.41621 1.334417611
NM_005343 HRAS 0.000202496 0.02805564 0.952672 1.935454573
AL136869 RECQL5 0.000203389 0.02805564 0.788046 1.726734645
NM_024417 FDXR 0.000203722 0.02805564 1.976774 3.936118473
BC001573 LOC134147 0.000204697 0.028104091 0.62485 1.542051006
NM_006693 CPSF4 0.000205537 0.028133633 0.753082 1.685388912
NM_030974 SHARPIN 0.000206902 0.028234534 0.542625 1.456620032
BC008962 GDF15 0.000209322 0.028330161 1.922825 3.791647032
AK090418 LOC349196 0.000209381 0.028330161 —0.68897 -1.612130327
XM 933916 GPR108 0.00020949 0.028330161 0.412805 1.331271862
AKI123115 NAT9 0.000211405 0.028405248 0.62965 1.547189857
BC000417 SMUG1 0.000213217 0.028405248 0.668187 1.589074761
NM_001039492 FHL2 0.00021421 0.028405248 0.773943 1.709936952
AK223604 CYFIP2 0.000214732 0.028405248 3.177553 9.047709169
NM_022772 EPS8L2 0.000214836 0.028405248 1.154149 2.225530768
NM_006899 IDH3B 0.000214892 0.028405248 0.504906 1.419030684
BC029796 LOC116349 0.000215027 0.028405248 1.14759 2.215434966
NM_005824 LRRC17 0.000215091 0.028405248 —0.39195 —1.312168817
BC106720 HIST1H2BO 0.000216316 0.028483475 0.693951 1.617708004
NM_016448 DTL 0.000217429 0.028546628 —2.31246 —4.967286515
NM_001283 API1S1 0.000219159 0.02859037 0.736157 1.665732546
NM_ 004060 CCNGl1 0.000219566 0.02859037 0.241311 1.182066624
NM_005704 PTPRU 0.000220214 0.02859037 0.825715 1.772413442
CR610028 ZDHHC16 0.000220302 0.02859037 0.325452 1.253056768
NM_022156 DUSIL 0.000222748 0.0286294 0.460923 1.37642211
NM_014186 COMMD9 0.000223284 0.0286294 0.628971 1.546461825
NM_152464 Cl70rf32 0.000223518 0.0286294 0.55106 1.465162034
AB102799 unknown 0.000223675 0.0286294 —-0.38602 -1.306780982
NM_014226 RAGE 0.000223781 0.0286294 0.706431 1.631762309
NM_000765 CYP3A7 0.000225072 0.028712956 1.666446 3.174316309
NM_001039675 UNC45A 0.000227659 0.028960937 0.381496 1.302692019
BC029882 CART 0.000228537 0.028990748 —0.47724 —1.392077141
NM_000481 AMT 0.000230169 0.029023322 0.548327 1.462389039
NM_004881 TP5313 0.000230946 0.029023322 1.106592 2.153364416
XM 929276 LOC646342 0.000232092 0.029023322 —1.34154 —2.534214705
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U33203 MDM2 0.000232208 0.029023322 1.171052 2.251758686
NM_001035506 FLJ21839 0.000232426 0.029023322 0.556005 1.470192554
NM_201556 FHL2 0.000232661 0.029023322 0.652791 1.572206545
NM_001834 CLTB 0.000234853 0.029159542 0.313156 1.242422257
NM 005319 HIST1HIC 0.000235422 0.029159542 1.225939 2.339076533
BC050345 SEPT10 0.000235835 0.029159542 —0.41262 —1.331102002
BC105791 C20o0rf44 0.000236908 0.029159542 0.754831 1.68743381
BC000154 SLC12A9 0.000237272 0.029159542 0.543844 1.45785213
NM_004809 STOML1 0.000237638 0.029159542 0.616827 1.53349915
NM_030816 ANKRDI13C 0.000239066 0.029255075 —0.60548 —1.52148541
NM 022116 FIGNL1 0.000244442 0.02983187 —0.79284 —1.732480111
BC036742 PLA2G6 0.000250372 0.030472932 1.108781 2.156633383
BC006152 ASPSCR1 0.000251285 0.030501655 0.349574 1.274183987
NM_018838 NDUFA12 0.000254539 0.030770071 0.218751 1.163725942
NM_006306 SMCIL1 0.000255217 0.030770071 —0.66316 —1.583550165
NM_145183 PYCARD 0.000256379 0.030770071 0.533324 1.447260005
BC035576 MAP3K 14 0.000256524 0.030770071 0.491708 1.406108487
NM_030751 ZEBI 0.000256913 0.030770071 —0.45281 —1.368707647
NM_207344 SPRYD4 0.000258127 0.030833545 0.524439 1.438373851
NM_001013841 STAP2 0.000262317 0.03120059 0.321729 1.249827263
NM_017495 RNPC1 0.000262586 0.03120059 0.733735 1.662938373
NM_024623 OGFOD2 0.000263909 0.031275326 0.745877 1.676993137
AB037861 INTS1 0.000266398 0.031375578 0.444582 1.360919653
NM_006591 POLD3 0.000266734 0.031375578 —0.57512 —1.489796667
BC032095 CES2 0.000266845 0.031375578 0.790558 1.729742948
NM_203437 AFTIPHILIN 0.000270841 0.031762474 0.800571 1.741790599
NM_005611 RBL2 0.000273561 0.031998156 —0.63408 —1.551943397
NM_012423 RPL13A 0.000274644 0.032041546 0.216508 1.161917881
AK090774 PLCD1 0.000278061 0.03229583 0.814386 1.758550007
NM 014853 RUTBC1 0.000278258 0.03229583 0.620561 1.537472941
CR595121 ZNF692 0.000279733 0.032340087 0.670359 1.591469142
CR606194 unknown 0.000280488 0.032340087 0.707067 1.632481836
BC093622 BLM 0.000280794 0.032340087 —2.38397 —5.219694079
NM_012135 FAMS0B 0.000283927 0.032602086 —0.59321 —1.508594915
BC041692 ACSL3 0.000284786 0.032602086 —-0.61671 —1.533372395
BC067898 ZDHHC20 0.00028524 0.032602086 —0.58069 —1.49556317
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NM_004125 LOC552891 0.000287751 0.032663206 0.569796 1.484313935
NM_058004 PIK4CA 0.000288373 0.032663206 0.581922 1.496842174
AK127235 FLYWCHI 0.000288393 0.032663206 0.549769 1.463850874
BC066553 Coé6orfl 14 0.000288676 0.032663206 —0.39632 —1.316145963
BC080636 EPSSL2 0.000291314 0.032801406 1.15071 2.220231173
NM_199234 GDNF 0.000291705 0.032801406 2.336181 5.049642771
NM_173161 ILIF10 0.000292083 0.032801406 0.342449 1.267906873
NM_000107 DDB2 0.000292954 0.032817448 1.361112 2.568831693
NM_003969 UBE2M 0.000295824 0.033056648 0.214702 1.160464083
NM_014956 CEP164 0.000300126 0.033446965 0.766103 1.700669186
AY358250 SHC4 0.000300911 0.033446965 1.537039 2.901982678
NM_001037633 SIL1 0.00030182 0.033446965 0.510697 1.424737934
AF289556 unknown 0.000302288 0.033446965 —0.4752 —1.390107465
NM_016821 0GG1 0.000306048 0.033717588 1.116248 2.16782479
NM_017750 RetSat 0.00030691 0.033717588 0.585687 1.500753354
NM_001037332 CYFIP2 0.00030698 0.033717588 2.244177 4.737668883
NM_001005920 LOC339123 0.000309198 0.033833427 0.369975 1.292330793
XM_932685 LOC653257 0.000309537 0.033833427 1.254491 2.385830228
NM_005101 ISG15 0.000311192 0.033931982 0.528482 1.442410374
BC000902 LOCS51035 0.000312751 0.034019647 0.453639 1.369489851
AB000409 MKNK1 0.000314983 0.03417983 0.468028 1.3832179
NM_002555 SLC22A18 0.000316186 0.034227854 0.655054 1.574674833
XM_378223 RP11-144G6.7 0.000319826 0.03448507 0.692693 1.616297445
NM_017547 FOXREDI1 0.000320093 0.03448507 0.958495 1.943282204
NM_001008658 TUBGCP6 0.000321983 0.034605824 0.787161 1.72567557
NM_032867 MICALCL 0.000322788 0.034609766 0.834278 1.782964584
BC004225 NAT9 0.000325171 0.034782474 0.478233 1.393036858
NM_005262 GFER 0.000327341 0.034931651 0.642039 1.560533448
NM_006221 PIN1 0.000329519 0.035011877 0.459173 1.374753776
NM_007188 ABCBS 0.000330308 0.035011877 0.854056 1.807575422
BC100808 SLC2A11 0.000332004 0.035011877 1.12017 2.173725869
NM_024028 MGC3265 0.000332425 0.035011877 0.776621 1.713113982
NM_ 145804 ABTB2 0.000332811 0.035011877 1.178724 2.263764586
NM_001054 SULT1A2 0.000333139 0.035011877 0.4522 1.368125328
NM_020246 SLC12A9 0.000333654 0.035011877 0.691581 1.615052801
BC011895 COQ4 0.000334313 0.035011877 0.873778 1.832455715
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XM_928494 LOC645463 0.000337968 0.035243929 —0.6093 —1.525516392
AK000346 NFYC 0.000338128 0.035243929 0.395006 1.314948582
BC000995 SFN 0.000338876 0.035243929 1.133907 2.194522783
NM_007245 ATXN2L 0.000341202 0.035404018 0.44118 1.35771461
NM_015654 NAT9 0.000343057 0.035425893 0.653522 1.573003434
M97190 Sp2 0.000343098 0.035425893 0.421224 1.339063212
NM_019099 Clorfl183 0.000343773 0.035425893 1.859789 3.629546054
NM_176826 ILVBL 0.000346356 0.035593942 0.638558 1.556771878
AK002100 PHCA 0.000346984 0.035593942 —0.67345 —1.594886159
NM_206538 LOC284361 0.000348836 0.035610637 0.677604 1.599480637
XM_926234 LOC642832 0.000349136 0.035610637 2.801435 6.971336226
NM_005224 ARID3A 0.000349573 0.035610637 0.738044 1.667912826
BC017296 SESN3 0.00035043 0.035610637 —0.64667 —1.565545927
NM_183010 TNRCS 0.000351314 0.035610637 0.557644 1.471863928
BC112240 NEKS8 0.000351892 0.035610637 0.755989 1.68878919
NM_005028 PIPSK2A 0.000353302 0.035673222 -0.51575 —1.429738976
NM_019057 FLJ10404 0.000354735 0.035737732 0.299024 1.230311471
BC067895 unknown 0.000356722 0.035827149 0.760347 1.693897859
BC037542 MIB2 0.000357213 0.035827149 1.042387 2.059632378
AF318352 SCRIB 0.000360145 0.036040916 1.322689 2.501318626
AK131264 ZNF184 0.000361971 0.036143343 —0.42906 —1.346358283
NM_005072 SLC12A4 0.000364395 0.036304905 0.587911 1.503068511
BC016480 PPMI1D 0.000365857 0.036370105 0.663197 1.583587673
NM_001098 ACO2 0.000367039 0.036407216 0.582543 1.497486847
BC002355 HNRNPAL1 0.000369897 0.03661 —0.40463 —1.323747314
NM_030807 SLC2A11 0.000373583 0.036893753 0.790317 1.72945384
NM_002624 PFDNS 0.000375613 0.037013106 0.454234 1.370055507
NM_015106 RADS4L2 0.000378885 0.037046217 0.529344 1.443273233
BC005402 UCRC 0.000379806 0.037046217 0.407152 1.326065024
BC020586 SFRS14 0.000381952 0.037046217 0.382491 1.303591177
NM_181775 PLXNA4B 0.000382734 0.037046217 —0.91692 —1.888078766
NM_145752 CDIPT 0.00038475 0.037046217 0.213113 1.159186657
BC008041 CPSF3L 0.000384919 0.037046217 0.78296 1.720657928
BC074737 NEURL2 0.000384938 0.037046217 0.869833 1.827451531
NM_001735 C5 0.000385212 0.037046217 —0.54227 —1.456259309
BC112036 SESN1 0.000385582 0.037046217 0.927843 1.902430011
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BC112271
NM_004705
NM_005811
BC006821
NM 018518
BC072681
NM_172208
BC016965
AF119833
BC029832
BC006085
NM_006828
NM_003523
NM_014595
XM_932195
NM_005708
NM_032307
XM_932681
NM_005275
NM_003422
CR603836
NM_006528
NM_148936
NM_002488
AK127078
NM_ 138761
BC066952
BC022483
BC026066
NM_138644
NM_015382
NM_080916
BC017379
NM_022064
BC047118

CR612107

KIF7
PRKRIR
GDF11
CBX5
MCM10
ZA20D1
TAPBP
NALP1
PFTK1
ZYG11B
ARFGAP1
ASCC3
HIST1H2BE
NT5C
LOC643009
GPC6
C9ort64
LOC653257
GNLI1
MZF1
NECAB3
TFPI2
NSUNSC
NDUFA2
unknown
BAX
NEFL
ARHGAP29
ASCC3
CABYR
HECTDI1
DGUOK
HIST1H2AC
RNF123
MGC13114

TUSC4

0.000386563
0.000387168
0.000387397
0.000387718
0.000387731
0.00038849
0.000389112
0.000391298
0.000393602
0.000394649
0.000395657
0.000399476
0.00039985
0.000401455
0.000401922
0.00040296
0.000405457
0.000410478
0.00041168
0.00041395
0.000413973
0.000415782
0.000416082
0.000420786
0.000421693
0.000423442
0.000425486
0.000426312
0.000429227
0.000429394
0.000429588
0.000430517
0.000431396
0.000431692
0.000431846

0.000434127

0.037046217
0.037046217
0.037046217
0.037046217
0.037046217
0.037046217
0.037046217
0.037175754
0.037315912
0.037336601
0.03735347
0.03759174
0.03759174
0.037629454
0.037629454
0.037648318
0.037803195
0.038192227
0.038225153
0.038280175
0.038280175
0.038317879
0.038317879
0.038671971
0.038676392
0.038757835
0.038817021
0.038817021
0.038817021
0.038817021
0.038817021
0.038817021
0.038817021
0.038817021
0.038817021

0.038944317

0.423367
—0.43051
0.491275
—0.8314
—1.11931
—0.37656
0.371858
0.622137
—0.61391
—0.40264
0.501176
0.762191
0.694035
0.406239
1.417885
—0.54018
—0.48593
1.154277
0.339328
0.625641
0.848887
0.538901
0.66244
0.66155
0.457317
0.671702
1.196854
—0.58768
0.370185
0.529255
—0.1033
0.479929
0.943462
0.643427
0.682263

0.624511

1.341053551
—1.347713676
1.405686494
—1.779408002
—2.172436272
—1.298244539
1.294018284
1.539153399
—1.530403638
—1.321925631
1.415366932
1.696064548
1.617802154
1.325226624
2.671935638
—1.454152886
—1.400492657
2.225727344
1.265167058
1.542895806
1.801111148
1.452865079
1.582757005
1.581781201
1.372985729
1.59295118
2.292391985
—1.502825756
1.29251859
1.443183614
—1.074230028
1.394674573
1.923137625
1.562035439
1.604654629

1.541688603
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NM_019884 GSK3A 0.000435021 0.038946913 0.394097 1.31411962
NM_014922 NALP1 0.000441654 0.039462292 0.629958 1.547519526
NM_001010883 FAM102B 0.000443307 0.039467272 —0.53097 —1.444896798
AF258572 GSDML 0.000443846 0.039467272 0.500293 1.414500324
XM 929819 LOC646861 0.000444822 0.039467272 —1.05102 —2.071991092
NM_203288 RP9 0.000445215 0.039467272 0.4274 1.344807868
AK125455 ZNF337 0.000446625 0.039504248 0.739711 1.669840787
NM_014699 ZNF646 0.0004476 0.039504248 0.629384 1.546904698
NM_030645 SH3BP5L 0.000448264 0.039504248 0.754456 1.686995688

NM_004581 RABGGTA 0.000451259 0.039690493 0.810738 1.75410845
BC074979 DRD1 0.000452229 0.039698293 1.306172 2.472844797
NM_002719 PPP2RSC 0.00045425 0.039798096 —0.46495 —1.380270296
AKO074112 CCNL2 0.000461899 0.040382561 0.523248 1.437187635
NM_001003689 L3MBTL2 0.000462714 0.040382561 0.704667 1.629768084
NM_005273 GNB2 0.000464199 0.04039402 0.54869 1.462756695
XM_933425 LOC653319 0.000464639 0.04039402 0.549828 1.463910651
AK126163 ARHGAP30 0.000470269 0.040779788 0.95674 1.940919473
NM_001191 BCL2L1 0.000471659 0.040779788 1.236457 2356191072
NM_181745 GPR120 0.000471793 0.040779788 —0.56003 —1.474302679
NM_031209 QTRT!I 0.000474274 0.040885399 0.526729 1.440659555
NM_003717 NPFF 0.000474831 0.040885399 0.756762 1.689694021
NM_019001 XRN1 0.000476599 0.040959305 —0.33327 —1.259867696
NM_001002245 ANAPCI1 0.000478765 0.041027328 0.622674 1.539726645
BC037236 DUSP6 0.000479212 0.041027328 0.550383 1.464474844
NM_133175 APBB3 0.000480821 0.041086888 0.870727 1.828584152
NM_001037811 HSD17B10 0.000484076 0.041228893 0.310014 1.239720113
BC008692 PTPN11 0.000484883 0.041228893 —0.33927 —1.265112308
NM_006340 BAIAP2 0.000485229 0.041228893 0.364064 1.287045913
NM 020317 Clorf63 0.000488178 0.041343077 0.783606 1.721428019
NM 032878 ALKBHG6 0.000488753 0.041343077 0.779517 1.716556482
NM_001005845 ADAM9 0.000490126 0.041343077 —0.60635 —1.52240188
BC082977 unknown 0.000490245 0.041343077 1.373963 2.591816326
BC044216 BAGS 0.000491284 0.041353283 —0.40791 —1.326764266
AK074137 CCDC95 0.000496135 0.04168363 0.602465 1.518308114
NM_001014837 CUTA 0.000498128 0.041773213 0.530065 1.443994594
BC098342 CSAD 0.00051218 0.0428148 0.593121 1.508506922
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ABO051543 SYNE1 0.000515072 0.0428148 1.896385 3.722791433
NM_013347 RPA4 0.000515409 0.0428148 0.847504 1.799385386
AKO055835 OSBPLS 0.000516434 0.0428148 -0.416 —1.334226164
NM_032204 ASCC2 0.000517193 0.0428148 0.414808 1.333120959
NM 013961 NRG1 0.000518384 0.0428148 2.575704 5.961618096
NM_003427 ZNF76 0.000519132 0.0428148 0.721459 1.648848457
XM_290777 ARL16 0.00051956 0.0428148 0.36928 1.291708172
BC035152 unknown 0.000519799 0.0428148 0.718988 1.64602749
BC014165 GLI4 0.000520862 0.0428148 1.079039 2.112628722
NM_005044 PRKX 0.000521007 0.0428148 0.579234 1.494055797
NM 145316 Céorf128 0.000522289 0.042841971 1.728398 3.313595802
BC045712 GPCl1 0.00053116 0.043463852 0.92762 1.902135661
NM_022091 ASCC3 0.000531801 0.043463852 0.644132 1.562799235
BC037283 ZMPSTE24 0.000536121 0.043713469 —0.58085 —1.495729639
BC011968 DECR2 0.000536796 0.043713469 0.958622 1.943452159
NM_152619 DCAMKL2 0.00054278 0.04405283 —0.4426 —1.359048233
BC067819 TMEM?29 0.00054292 0.04405283 0.626882 1.544223621
AKO057461 C220rf25 0.000549901 0.044539022 0.49342 1.407778411
NM_181690 AKT3 0.000555888 0.044943089 —0.39999 —1.319496263
BC036557 KIAA1394 0.000557531 0.044958077 1.200662 2.298450457
BC011250 MTMRI1 0.00055807 0.044958077 0.406178 1.325170515
BC071709 ERH 0.00056312 0.045087179 -0.2315 —1.174054907
NM 005176 ATP5G2 0.000564545 0.045087179 0.633518 1.551343512
BC101727 MCM10 0.000567888 0.045087179 —3.05493 —8.310486809
NM_001013845 CXorf40B 0.000568212 0.045087179 0.435675 1.352543365
NM_007108 TCEB2 0.000568367 0.045087179 0.485256 1.39983404
CR607247 DDOST 0.000568746 0.045087179 0.213825 1.159759031
NM_017575 SMG6 0.000568925 0.045087179 0.464246 1.37959624
AF172850 LOC51152 0.000569645 0.045087179 0.689944 1.613220628
BC090039 Clorf160 0.000571448 0.045087179 0.693795 1.617533221
NM_015421 Cl6orf51 0.000571623 0.045087179 0.659743 1.57980083
XM_292717 DKFZp779B1634 0.000573525 0.045087179 —0.89427 —1.858667629
NM_152355 ZNF441 0.00057355 0.045087179 0.884635 1.846297236
BC014428 MTRFIL 0.000573717 0.045087179 0.291276 1.223722182
NM_153268 PLCXD2 0.000573916 0.045087179 1.089582 2.128124016
BC009932 GLTP 0.000574691 0.045087179 0.713061 1.639278722
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NM_003876 TMEM11 0.000578803 0.04532703 0.579878 1.494722798
BC021229 SELI 0.000579761 0.04532703 —0.41266 —1.331135809
NM_153763 KCNC4 0.000581221 0.045342305 1.10146 2.145717145
BC041887 unknown 0.00058197 0.045342305 0.566878 1.481314735
AK097425 ACADI10 0.000585666 0.045551433 0.516721 1.430699479
NM_032344 NUDT22 0.000591831 0.045806523 0.353802 1.277923772
NM_006322 TUBGCP3 0.000592095 0.045806523 —0.35559 —1.27950511
NM_152640 DCP1B 0.000592794 0.045806523 0.772194 1.70786523
BC052993 FAMS3C 0.000593014 0.045806523 —0.33894 —1.264823925
BC062330 XX-FW81657B9.4 0.000594205 0.045817509 0.939121 1.91735985
NM_178336 MRPLS52 0.000595191 0.045817509 0.518488 1.432453574
BC032466 NAPRTI 0.00059663 0.045849872 0.929263 1.904302534
CR605903 NSFLIC 0.000601294 0.046129631 0.60684 1.52291939
NM_014727 MLL2 0.000602344 0.046131591 0.524873 1.438806547
NM_006835 CYC1 0.000605633 0.046304705 —0.42322 —1.340916298
BC002697 PPP1CB 0.00060952 0.046452014 —0.45464 —1.370436438
AK023219 PBXIP1 0.000610331 0.046452014 0.221299 1.165783092
XM_929117 LOC392232 0.000610654 0.046452014 —2.12231 —4.353895338
NM_004259 RECQLS 0.000613323 0.046528137 0.856715 1.810910077
XM_928224 LOC653583 0.000616444 0.046528137 1.623175 3.080522425
NM_020155 GPR137 0.000617221 0.046528137 0.615799 1.532406487
BC000637 DHRS7 0.000617844 0.046528137 0.476058 1.390938127
AF068181 BLNK 0.000619257 0.046528137 2.422056 5.359342771
XM_932091 CEP78 0.000619624 0.046528137 —0.81447 —1.758649574
NM_004099 STOM 0.000619923 0.046528137 0.884093 1.845603629
NM_001618 PARP1 0.000622183 0.046528137 -0.31139 —1.240902535
NM_017421 COQ3 0.000622434 0.046528137 0.378414 1.299911897
NM_025072 PTGES2 0.000622467 0.046528137 0.402225 1.321544306
NM_ 000920 PC 0.00062302 0.046528137 0.562699 1.477030351
AK 124869 SH2D5 0.000624509 0.046562126 0.577474 1.492234623
NM_053052 Clorf142 0.000626004 0.046596443 0.512315 1.426337189
XM_930966 LOC642637 0.000628024 0.046604738 0.923966 1.897324111
NM_001001551 C9orf103 0.000629529 0.046604738 0.459762 1.375315134
NM_018309 TBC1D23 0.000629772 0.046604738 —0.23405 —1.17613531
NM_014891 PDAPI1 0.000630255 0.046604738 0.368011 1.290572433
NM 001008393 LOC201725 0.000635187 0.046892446 —1.0742 —2.105558118
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NM_022374 ARLG6IP2 0.000637328 0.046910385 —0.41289 —1.331350194
NM_013362 ZNF225 0.000637514 0.046910385 —0.51455 —1.428547369
NM_033415 ARMC6 0.000643082 0.047187228 0.579687 1.494525122
NM_001012706 LOC283551 0.000644706 0.047187228 0.373978 1.295921129
XM_930936 unknown 0.000645181 0.047187228 —0.24036 —1.181290415
NM_001005909 IHPK2 0.000645467 0.047187228 0.751259 1.683260629
BC093739 AP3B2 0.00064894 0.047244081 1.555147 2.93863623
NM_005094 SLC27A4 0.000650072 0.047244081 0.730493 1.659206337
XM_497141 LOC441511 0.000650431 0.047244081 -0.36004 —1.283461958
NM_000757 CSF1 0.000650441 0.047244081 0.73629 1.665886383
NM 005143 HP 0.000653102 0.047360936 0.690281 1.613597539
BC058843 ZBTB8OS 0.000656165 0.047365676 0.365143 1.288008949
NM_006779 CDC42EP2 0.000656681 0.047365676 1.124931 2.180911386
NM_152436 MGC39497 0.000656822 0.047365676 0.388693 1.309206347
AK025630 RBEDI 0.000657375 0.047365676 0.595552 1.51105023
BC052639 MRPLA43 0.000660028 0.047381968 0.387599 1.308214787
NM_001029874 REP15 0.000661069 0.047381968 0.622925 1.539993892
NM_014947 FOXJ3 0.000661342 0.047381968 —0.25004 —1.189241904
NM_001010887 ASAH3L 0.000664726 0.047381968 1.260625 2.395994965
BC070096 C3orf63 0.000665405 0.047381968 —0.49131 —1.405725312
BC005338 CAPZA2 0.000665851 0.047381968 —0.32785 —1.255142019
NM_015997 Clorf66 0.000666251 0.047381968 0.781647 1.719092538
NM 033419 PERLDI1 0.000666887 0.047381968 0.771842 1.707448677
NM_020680 SCYL1 0.000667862 0.047381968 0.335349 1.261682792
NM_024945 C9orf76 0.000668122 0.047381968 —0.41692 —1.335071268
NM_031450 Cllorf68 0.000669492 0.047404423 0.461952 1.3774046
BC040516 SGIP1 0.000671645 0.04747299 0.782768 1.720428854
AK125726 unknown 0.000672894 0.04747299 0.798684 1.739513851
BC020690 LY96 0.000673622 0.04747299 0.485133 1.399715195
NM_020458 TTC7A 0.000676521 0.047602801 0.469612 1.384736707
NM_003784 SERPINB7 0.000678755 0.047638651 1.710382 3.272475387
BC009476 PELI2 0.000679154 0.047638651 —0.74678 —1.678044859
NM_015481 ZNF385 0.000680205 0.047638651 0.919989 1.8921004
NM_003352 SUMOI1 0.000685021 0.047764526 0.250882 1.189934372
NM_004047 ATP6VOB 0.000686532 0.047764526 0.487556 1.402067689
BC019348 MGC70863 0.000686616 0.047764526 0.765266 1.699683847
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NM_014223 NFYC 0.000686871 0.047764526 0.605575 1.521584716
BC108908 POLD3 0.000687496 0.047764526 —0.69343 —1.617127755
XM_926355 LOC642535 0.000688366 0.047764526 0.406239 1.325226165
NM_001946 DUSP6 0.00069063 0.047847943 0.493391 1.40775024
NM_001039670 HOM-TES-103 0.000693255 0.047888196 0.474899 1.389820722
BC100018 COMT 0.000693338 0.047888196 0.589414 1.504635737
BC095471 HRAS 0.000696156 0.047993912 1.113787 2.164130184
BC034991 MNS1 0.00069736 0.047993912 —1.18016 —2.266024111
NM_021078 GCNSL2 0.000699006 0.047993912 0.622971 1.540042935
XM_929378 LOC646450 0.000699132 0.047993912 1.152244 222259258
XM_209704 LOC653314 0.000701491 0.048082588 0.237471 1.178924333
XM_376342 LOC644162 0.000704249 0.048164703 —0.5508 —1.464895509
BC010991 RBEDI1 0.000705285 0.048164703 0.631695 1.549383836
NM_199337 LOC374395 0.000705898 0.048164703 0.661341 1.58155216
NM 003086 SNAPC4 0.00070746 0.048190421 0.643353 1.561955105
NM_058191 C21lorf66 0.000708415 0.048190421 —0.37267 —1.294743262
BC032947 MTMRI1 0.00071187 0.048352415 0.130105 1.09437307
BC044792 AMT 0.000713431 0.048385478 0.52721 1.441139863
AY302071 APTX 0.000715257 0.048431746 0.430191 1.347412412
BC048281 ZRANBI 0.000716389 0.048431746 —0.41267 —1.331148111
NM_016090 RBM7 0.00071734 0.048431746 —0.51903 —1.432994148
NM 014145 C200rf30 0.000721735 0.048655524 0.29365 1.225737801
NM_ 018683 ZNF313 0.000723195 0.048681066 0.29233 1.224616767
NM_012267 HSPBP1 0.000726383 0.048822679 0.677616 1.599494403
XM 932116 LOC440341 0.000729311 0.048946475 —0.37501 —1.29684773
NM_016581 ECSIT 0.000734144 0.049112906 0.584599 1.499621691
NM_006612 KIF1C 0.000734279 0.049112906 0.829564 1.777148049
NM_016399 TRIAP1 0.00073561 0.049112906 0.891867 1.855576105
AK094016 RFNG 0.000736154 0.049112906 0.753417 1.685780491
BC107682 NDUEFC1 0.00074159 0.049402399 0.818284 1.763306806
NM 012151 F8Al 0.000747049 0.049620452 0.322783 1.2507408
NM_ 004593 SFRS10 0.000747067 0.049620452 —0.45939 —1.374957093
NM_005469 ACOTS 0.000750134 0.049750758 0.522806 1.436746531
NM_031477 YPEL3 0.000754176 0.049945282 0.337014 1.263139089
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Tag Gene . FDR  glob.
GS SIZE SOURCE ES NES YY) Signal (median) p.val
Genes annotated by the GO term GO:0009719.
RESPONSE TO A change in state or activity of a cell or an
ENDOGENOUS 85 organism (in terms of movement, secretion, 03 131 027 0.18 0.22 0.32 0.01
_STIMULUS enzyme production, gene expression, etc.) as
a result of an endogenous stimulus.
Genes annotated by the GO term GO:0007017.
Any cellular process that depends upon or alters
MICROTUBULE_BASED_ 28  the microtubule cytoskeleton, that part of the 0.57 131 036 0.13 0.31 0.32 0.01
PROCESS - .
cytoskeleton comprising microtubules and
their associated proteins.
ESTABLISHMENT_AND_ Genes annotated by the GO term GO:0006325.
OR_MAINTENANCE . . . .
OF CHROMATIN 27 The spec1ﬁ9at10n, formation and maintenance 0.34 135 041 024 031 0.28 0.01
ARCHITECTURE of the physical structure of eukaryotic chromatin.
Genes annotated by the GO term GO:0030163.
The chemical reactions and pathways resulting
PROTEIN_CATABOLIC_ 20 in the breakdown of a protein by the destruction 042 135 0.1 0.01 0.1 0.28 0.01
PROCESS . . . .
of the native, active configuration, with or
without the hydrolysis of peptide bonds.
Genes annotated by the GO term GO:0008283.
CELL_PROLIFERATION_ 178 The multiplication or reproduction of cells, 0.37 1.33 0.17 0.11 0.15 0.32 0.01
GO_0008283 L . ;
- resulting in the expansion of a cell population.
Genes annotated by the GO term GO:0051649.
ESTABLISHMENT _ The directed movement of a substance or
OF CELLULAR 111 cellular entity, such as a protein complex or 0.28 1.34 0.06 0.03 0.06 0.3 0.02
LOCALIZATION organelle, to a specific location within, or in
the membrane of, a cell.
Genes annotated by the GO term GO:0000226.
MICROTUBULE _ A process that is carried out at the cellular level
CYTOSKELETON which results in the formation, arrangement of
ORGANIZATION _ 16 constituent parts, or disassembly of cytoskeletal 0.71 136 0.31 002 031 0.26 0.03
AND_BIOGENESIS structures comprising microtubules and their
associated proteins.
NEGATIVE Genes annotated by the GO term GO:0043069.
REGULATION Any process that stops, prevents or reduces the
= 50 frequency, rate or extent of programmed cell 024 1.04 004 O 0.04 0.7 0.03
OF_PROGRAMMED_ death, cell death resulting from activation of
CELL DEATH ?
- endogenous cellular processes.
REGULATION _ Genes annotated by the GO term GO:0051052.
OF DNA Any process that modulates the frequency, rate
METABOLIC 20 or extent of the chemical reactions and pathways 0.54 142035 0.16 03 0.17 0.04
PROCESS involving DNA.
Genes annotated by the GO term GO:0006259.
The chemical reactions and pathways involving
DNA, deoxyribonucleic acid, one of the two
DNA_METABOLIC_ 108 main types of nucleic acid, consisting of a long, 037 141 031 0.17 0.26 0.16 0.04
PROCESS
unbranched macromolecule formed from one,
or more commonly, two, strands of linked
deoxyribonucleotides.
Genes annotated by the GO term GO:0006974.
A change in state or activity of a cell or an
organism (in terms of movement, secretion,
giﬁgg;%}f%gfgg 74 enzyme production, gene expression, etc.) as 031 128 028 0.18 024 043  0.04
- a result of a stimulus indicating damage to its
DNA from environmental insults or errors
during metabolism.
Genes annotated by the GO term GO:0051329.
Progression through interphase, the stage of cell
INTERPHASE cycle between successive rounds of mitosis.
OF_MITOTIC _ 30 Canonically, interphase is the stage of the cell 0.65 1.39 047 0.16 0.39 0.19 0.05
CELL_CYCLE cycle during which the biochemical and
physiologic functions of the cell are performed
and replication of chromatin occurs.
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DNA_REPAIR

INTERPHASE

WOUND_HEALING

CELLULAR_PROTEIN_
CATABOLIC_PROCESS

MITOSIS

NEGATIVE_
REGULATION
OF CELL_CYCLE
NEGATIVE_
REGULATION
OF_APOPTOSIS

RESPONSE_TO_VIRUS

MACROMOLECULE _
CATABOLIC_PROCESS

REGULATION
OF_MITOSIS

ORGANELLE
ORGANIZATION_
AND BIOGENESIS

CELLULAR
MACROMOLECULE _
CATABOLIC_PROCESS

M_PHASE

ANTI_APOPTOSIS

60

31

17

40

37

49

16

38

20

171

25

54

40

Genes annotated by the GO term GO:0006281.
The process of restoring DNA after damage.
Genomes are subject to damage by chemical

and physical agents in the environment (e.g. UV
and ionizing radiations, chemical mutagens,
fungal and bacterial toxins, etc.) and by free
radicals or alkylating agents endogenously
generated in metabolism. DNA is also damaged
because of errors during its replication. A variety
of different DNA repair pathways have been
reported that include direct reversal, base excision
repair, nucleotide excision repair, photoreactivation,
bypass, double-strand break repair pathway, and
mismatch repair pathway.

Genes annotated by the GO term GO:0051325.
Progression through interphase, the stage of cell
cycle between s of chromosome segregation.
Canonically, interphase is the stage of the cell
cycle during which the biochemical and physiologic
functions of the cell are performed and replication
of chromatin occurs.

Genes annotated by the GO term GO:0042060.
The series of events that restore integrity to a
damaged tissue, following an injury.

Genes annotated by the GO term GO:0044257.
The chemical reactions and pathways resulting
in the breakdown of a protein by individual cells.

Genes annotated by the GO term GO:0007067.
Progression through mitosis, the division of the
eukaryotic cell nucleus to produce two daughter
nuclei that, usually, contain the identical
chromosome complement to their mother.

Genes annotated by the GO term GO:0045786.
Any process that stops, prevents or reduces the
rate or extent of progression through the cell cycle.
Genes annotated by the GO term GO:0043066.
Any process that stops, prevents or reduces the
frequency,rate or extent of cell death by apoptosis.
Genes annotated by the GO term GO:0009615.
A change in state or activity of a cell or an
organism (in terms of movement, secretion,
enzyme production, gene expression, etc.) as

a result of a stimulus from a virus.

Genes annotated by the GO term GO:0009057.
The chemical reactions and pathways resulting
in the breakdown of a macromolecule, any large
molecule including proteins, nucleic acids and
carbohydrates.

Genes annotated by the GO term GO:0007088.
Any process that modulates the frequency,

rate or extent of mitosis.

Genes annotated by the GO term GO:0006996.

A process that is carried out at the cellular level
which results in the formation, arrangement of
constituent parts, or disassembly of any organelle
within a cell.

Genes annotated by the GO term GO:0044265.
The chemical reactions and pathways resulting

in the breakdown of a macromolecule, any large
molecule including proteins, nucleic acids and
carbohydrates, as carried out by individual cells.
Genes annotated by the GO term GO:0000279.
Progression through M phase, the part of the cell 0.7
cycle comprising nuclear division.

Genes annotated by the GO term GO:0006916.
A process which directly inhibits any of the steps
required for cell death by apoptosis.

033 1.28 03 0.18 025 0.4

0.66 142 048 0.16 041

0.54 1.06 035 0.1 032 0.7

0.49 136 0.13 0.01 0.12 0.28

0.73 1.42 0.53 0.09 048 0.2

0.27 1.02 0.16 0.14 0.14 0.78

024 1.05 0.04 0 0.04 0.73

0.44 1.06 0.63 034 041 0.71

0.28 1.06 0.08 0.04 0.08 0.72

0.73 1.42 04 0.04 039 0.22

031 1.26 0.11 0.06 0.1 0.44

036 1.25 0.08 0.01 0.08 0.46

1.43 0.46 0.09 042 0.23

0.27 1.07 005 O 0.05 0.74

0.05

0.05

0.06

0.06

0.07

0.07

0.07

0.07

0.08

0.08

0.09

0.09

0.11

0.11
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Genes annotated by the GO term GO:0043285.
BIOPOLYMER The chemical reactions and pathways resulting
CATABOLIC 37 in the breakdown of biopolymers, long, repeating 0.29 1.06 0.08 0.04 0.08 0.73 0.11
PROCESS chains of monomers found in nature e.g.
polysaccharides and proteins.
Genes annotated by the GO term GO:0042325.
REGULATION_OF _ Any process that modulates the frequency, rate
PHOSPHORYLATION 16 or extent of addition of phosphate groups into 0.39 1.18 025 0.2 022 0.63 0.12
a molecule.
Genes annotated by the GO term GO:0000087.
M_PHASE_OF_MITOTIC_ 42 Progression through M phase, the part of the 0.74 143 052 0.09 048 0.22 0.12
CELL CYCLE Lo . . o
- mitotic cell cycle during which mitosis takes place.
NEGA-
TIVE_REGULATION _ Genes annotated by the GO term G0O:0045934.
OF NUCLEOBASE Any process that stops, prevents or reduces the
NUCLEOSIDE 78  frequency, rate or extent of the chemical reactions 0.24 1.07 0.09 0.04 0.09 0.75 0.13
NUCLEOTIDE_AND _ and pathways involving nucleobases, nucleosides,
NUCLEIC_ACID _ nucleotides and nucleic acids.
METABOLIC_PROCESS
Genes annotated by the GO term GO:0006310.
The processes by which a new genotype is
formed by reassortment of genes resulting in
gene combinations different from those that
were present in the parents. In eukaryotes genetic
DNA RECOMBINATION 23 recombination can occur by chromosome 046 148 039 0.17 033 015  0.13
— assortment, intrachromosomal recombination,
or nonreciprocal interchromosomal recombination.
Intrachromosomal recombination occurs by
crossing over. In bacteria it may occur by genetic
transformation, conjugation, transduction,
or F-duction.
Genes annotated by the GO term GO:0016568.
CHROMATIN 19 The alteration of DNA or protein in chromatin, 027 102 037 023 028 08 0.3
MODIFICATION . K . .
which may result in changing the chromatin structure.
Genes annotated by the GO term GO:0006260.
DNA_REPLICATION 43 The process whereby new strands of DNA are 058 151 051 02 041 018  0.14
- synthesized. The template for replication can
either be an existing DNA molecule or RNA.
Genes annotated by the GO term GO:0007599.
HEMOSTASIS 17 The stopping of bleeding (loss of body fluid) or 0.57 1.16 035 0.1 0.32 0.66 0.14
the arrest of the circulation to an organ or part.
Genes annotated by the GO term GO:0031324.
El\“II}iICI}EAiQE GULATION Any process that stops, prevents or reduces the
b= - 95  frequency, rate or extent of the chemical reactions 023 1.09 0.12 0.1 0.11 0.75 0.14
OF_CELLULAR N
METABOLIC PROCESS and pfathways by which individual cells transform
- chemical substances.
REGULATION_OF 05 D o or ooy oE the dhamical ranct 023 1.09 012 01 011 075 014
METABOLIC PROCESS quency, rate or extent of the chemical reactions
- and pathways within a cell or an organism.
Genes annotated by the GO term GO:0006512.
UBIQUITIN_CYCLE 15 The cyclical process by which one or more 038 1.19 027 0.12 024 065 0.15
- ubiquitin moieties are added to (ubiquitination)
and removed from (deubiquitination) a protein.
Genes annotated by the GO term GO:0051276.
A process that is carried out at the cellular level
CHROMOSOME that results in the formation, arrangement of
ORGANIZATION _ 43 constituent parts, or disassembly of chromosomes, 0.52 146 044 024 034 0.21 0.15
AND_BIOGENESIS structures composed of a very long molecule of
DNA and associated proteins that
carries hereditary information.
CELL CYCLE_ iengs al?no}tlatedl?y the_ GO 1tlerm 1GO:}(I)000075.
CHECKPOINT 25 point 1n the eukaryotic cell cyc e_w ere.progress 0.66 143 052 016 0.44 0.24 0.15
GO 0000075 thr.ough the cycle can be halted until conditions are
- suitable for the cell to proceed to the next stage.
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Genes annotated by the GO term GO:0022414.
A biological process that directly contributes to
REPRODUCTIVE _ the process of producing new individuals by one
PROCESS 39 or two organisms. The new individuals inherit 0.33 117 021 0.17 017 064 0.15
some proportion of their genetic material from
the parent or parents.
REGULATION_ Genes annotated by the GO term GO:0031399.
OF _PROTEIN Any process that modulates the frequency, rate
MODIFICATION _ 15 or extent of the covalent alteration of one 0.36 115 02 012 0.8 0.7 0.16
PROCESS or more amino acid residues within a protein.
Genes annotated by the GO term GO:0006261.
The process whereby new strands of DNA are
ggﬁ—gggg\éa?;gﬁ 25 synthesized, using parental DNA as a template 0.62 149 048 0.17 04 0.17 0.16
- for the DNA-dependent DNA polymerases that
synthesize the new strands.
Genes annotated by the GO term GO:0051093.
NEGATIVE Any process that stops, prevents or Feduc_es the
REGULATION OF rate or extent of development, the biological
DEVELOPMENTAL 63  process whgse spemﬁc outcome 1s.tl.1ej progression 0.23 1.08 0.16 0.16 0.13 0.78 0.16
- of an organism over time from an initial condition
PROCESS e
(e.g. a zygote, or a young adult) to a later condition
(e.g. a multicellular animal or an aged adult).
Genes annotated by the GO term GO:0006950.
A change in state or activity of a cell or an
organism (in terms of movement, secretion,
RESPONSE TO STRESS  1g2 Cnzyme production, gene expression, etc.) as 022 1.07 022 021 0.8 077  0.16
- = a result of a stimulus indicating the organism is
under stress. The stress is usually, but not
necessarily, exogenous (e.g. temperature,
humidity, ionizing radiation).
Genes annotated by the GO term GO:0007050.
CELL_CYCLE_ARREST Any process by which progression through the
GO_0007050 2 cell cycle is halted during one of the normal 0.28 0.99 0.16 0.14 0.14 0.81 0.17
phases (G1, S, G2, M).
NEGA- Genes annotated by the GO term GO:0043086.
TIVE_REGULATION_ 22 Any process that stops or reduces the activity of 04 119 018 011 016 065 017
OF CATALYTIC_ACTIVIT Y pr ps or redu iy s w : : : :
v - - an enzyme.
Genes annotated by the GO term GO:0007010.
CYTOSKELETON_ A process that is carried out at the cellular level
ORGANIZATION _ 70  which results in the formation, arrangement of 041 1.19 037 024 0.28 0.65 0.17
AND_BIOGENESIS constituent parts, or disassembly of cytoskeletal
structures.
MONOCARBOX- %?nesh anqotzited bt}{ the Gg tertr;: GO:(_)03217§7.
o Thedemialaion dpabas e 02 097 031 03 04 03 o
METABOLIC_PROCESS one carboxyl (COOH) group or anion (COO-).
Genes annotated by the GO term GO:0007565.
The physiological processes that allow an embryo
FEMALE PREGNANCY 15 or foetus to develop within the body of a female 0.3 099 027 0.17 022 0.82 0.18
animal. It covers the time from fertilization of a
female ovum by a male spermatozoon until birth.
Genes annotated by the GO term GO:0051726.
REGULATION_OF_ 89  Any process that modulates the rate or extent of 047 1.51 033 0.17 0.27 0.17 0.19
CELL_CYCLE .
- progression through the cell cycle.
Genes annotated by the GO term GO:0048519.
Any process that stops, prevents or reduces the
NEGA- frequency, rate or extent of a biological process
TIVE_REGULATION equency, :
OF BIOLOGICAL PROCES 226 Biological processes are regulated by many 022 1.13 0.17 0.17 0.15 0.76 0.19
g - means; examples include the control of gene
expression, protein modification or interaction
with a protein or substrate molecule.
REGULATION_OF_ Genes annotated by the GO term GO:0000079.
CYCLIN_DEPENDENT
= - 25  Any process that modulates the frequency, 0.32 099 0.16 0.07 0.15 0.83 0.2
PROTEIN_KINASE " tent of CDK activit
ACTIVITY rate or extent o activity.
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REGULATION_
OF_CELLULAR _
PROCESS

RESPONSE TO
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Genes annotated by the GO term GO:0014706.
The process whose specific outcome is the
progression of a striated muscle over time,

from its formation to the mature structure.
Striated muscle contain fibers that are divided
by transverse bands into striations, and cardiac
and skeletal muscle are types of striated muscle.
Skeletal muscle myoblasts fuse to form myotubes
and eventually multinucleated muscle fibers.
The fusion of cardiac cells is very rare

and can only form binucleate cells.

Genes annotated by the GO term GO:0007276.
The generation and maintenance of gametes.
A gamete is a haploid reproductive cell.

Genes annotated by the GO term GO:0007626.
The specific movement from place to place of
an organism in response to external or internal
stimuli. Locomotion of a whole organism in a
manner dependent upon some combination of
that organism’s internal state and external
conditions.

Genes annotated by the GO term GO:0032446.

A process by which one or more moieties of a
small protein, such as ubiquitin or a ubiquitin-like
protein, are covalently attached to a target protein.

Genes annotated by the GO term GO:0022403.
A cell cycle process comprising the steps by
which a cell progresses through one of the
biochemical and morphological phases and
events that occur during successive cell
replication or nuclear replication events.

Genes annotated by the GO term GO:0006631.
The chemical reactions and pathways involving
fatty acids, aliphatic monocarboxylic acids
liberated from naturally occurring fats and

oils by hydrolysis.

Genes annotated by the GO term GO:0022402.
A cellular process that is involved in the
progression of biochemical and morphological
phases and events that occur in a cell during
successive cell replication or nuclear replication
events.

Genes annotated by the GO term GO:0048523.
Any process that stops, prevents or reduces the
frequency, rate or extent of cellular processes,
those that are carried out at the cellular level, but
are not necessarily restricted to a single cell. For
example, cell communication occurs among

more than one cell, but occurs at the cellular level.

Genes annotated by the GO term GO:0042221.
A change in state or activity of a cell or an
organism (in terms of movement, secretion,
enzyme production, gene expression, etc.) as a
result of a chemical stimulus.

Genes annotated by the GO term GO:0050878.
Any process that modulates the levels of body
fluids.

Genes annotated by the GO term GO:0006952.
Reactions, triggered in response to the presence
of a foreign body or the occurrence of an injury,
which result in restriction of damage to the
organism attacked or prevention/recovery from
the infection caused by the attack.
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Genes annotated by the GO term GO:0048583.
Any process that modulates the frequency, rate
REGULATION _ or extent of a response to a stimulus. Response
OF_RESPONSE 22 to stimulus is a change in state or activity of a 022 0.61 0.18 0.17 0.15 0.98 0.3
TO_STIMULUS cell or an organism (in terms of movement,
secretion, enzyme production, gene expression,
etc.) as a result of a stimulus.
Genes annotated by the GO term GO:0000278.
Progression through the phases of the mitotic
cell cycle, the most common eukaryotic cell
cycle, which canonically comprises four
successive phases called G1, S, G2, and M
EA;E?EIC_CELL_ 80 and includes replication of the genome and the 0.67 1.56 0.44 0.12 0.39 0 0.3
subsequent segregation of chromosomes into
daughter cells. In some variant cell cycles
nuclear replication or nuclear division may not
be followed by cell division, or G1 and G2
phases may be absent.
Genes annotated by the GO term GO:0007049.
The progression of biochemical and morphological
phases and events that occur in a cell during
successive cell replication or nuclear replication
CELL_CYCLE_GO_000704 152 ever}ts. Canonlcally, the_cell cycle comprises the 057 158 04 017 034 0 032
9 replication and segregation of genetic material
followed by the division of the cell, but in
endocycles or syncytial cells nuclear replication
or nuclear division may not be followed by
cell division.
Genes annotated by the GO term GO:0006979.
A change in state or activity of a cell or an
organism (in terms of movement, secretion,
RESPONSE TO_ enzyme production, gene expression, etc.) as
OXIDATIVE STRESS 22 a result of oxidative stress, a state often resulting 0.18 0.62 041 031 028 0.99 0.39
from exposure to high levels of reactive oxygen
species, e.g. superoxide anions, hydrogen
peroxide (H202), and hydroxyl radicals.
NUCLEO- Genes annotated by the GO term GO:0006139.
BASE_NUCLEOSIDE__ The chemical reactions and pathways involvin
NUCLEOTIDE_AND_ R A 0.16 092 0.19 022 0.16 096 04
NUCLEIC_ACID uclep as;s, ucleosides, nucleotides a
METABOLIC_PROCESS flucierc acies.
Genes annotated by the GO term GO:0048699.
GENERATION_OF The process by which nerve cells are generated.
_NEURONS 28 This includes the production of neuroblasts and 0.3 092 029 0.19 023 0.96 04
their differentiation into neurons.
REGULATION_OF_ 91 gflnesrannmattlift ]r)ri/ tc?elzio I;m; (;(35:)05?790. 021 09 0.13 0.11 0.12 0.95 0.4
CATALYTIC_ACTIVITY Y process odulates the activity 0 : S : : : :
- an enzyme.
NEUROGENESIS 99 Genes annotated by the GO term GO:0022008. 029 09 028 0.9 022 096 041
Generation of cells within the nervous system.
REGULATION_OF_ Genes annotated by the GO term GO:0006357.
TRANSCRIPTION_ Any pri that modulates the fr ncy, rat
FROM_RNA_POLY- gg /My process that modulates the lrequency, rate 02 0.89 006 003 006 098 042
MERASE or extent of transcription from an RNA
II PROMOTER polymerase II promoter.
Genes annotated by the GO term GO:0051239.
REGULATION OF Any process that modulates the frequency, rate
MULTICELLULAR. 49 OF extent of an organismal process, the processes 024 09 02 017 017 0.97 045
ORGANISMAL PROCESS pertinent to th@ function of an organism above the
- cellular level; includes the integrated processes
of tissues and organs.
Genes annotated by the GO term GO:0040007.
GROWTH 26  The increase in size or mass of an entire 021 0.64 0.12 0.07 0.11 1 0.52
organism, a part of an organism or a cell.
Copyright © 2013 SciRes. JCT
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Genes annotated by the GO term GO:0048468.
The process whose specific outcome is the
progression of the cell over time, from its

CELL DEVELOPMENT 188 . 0.19 0.87 0.09 0.08 0.08 0.54
- formation to the mature structure. Cell development
does not include the steps nvolved in committing
a cell to a specific fate.
NEGA-
TIVE_REGULATION _ Genes annotated by the GO term GO:0000122.
OF_TRANSCRIPTION_ Any process that stops, prevents or reduces the
FROM_RNA POLY- 31 frequency, rate or extent of transcription from an 0.17 067 0.16 0.16 0.14 0.54
MERASE RNA polymerase II promoter.
II. PROMOTER
Genes annotated by the GO term GO:0030029.
ACTIN FILAMENT Any cellular process that depends upon or alters
= - 40 the actin cytoskeleton, that part of the cytoskeleton 0.23 0.83 0.38 026 0.28 0.54
BASED_PROCESS L . . ]
- comprising actin filaments and their associated
proteins.
STRESS ACTIVATED iencr:is annfortr?teld b}l/ trhei C;Ol teil;lm Ch}iO;lOOZ‘s 1098.
PROTEIN_KINASE_ 18 Str:s_eascg at;’dec;;fe irsl fi;‘aze (SvjkP(I:()ac ascade 0.16 0.62 0.06 0.03 0.5 0.57
SIGNALING PATHWAY vated p .
- relays one or more of the signals.
Genes annotated by the GO term GO:0048522.
Any process that activates or increases the
frequency, rate or extent of cellular processes,
POSITIVE_REGULATION those that are carried out at the cellular level,
OF _CELLULAR PROCESS 224 but are not necessarily restricted to a single cell. 0.16 0.68 0.07 0.08 0.07 0.58
For example, cell communication occurs
among more than one cell, but occurs at the
cellular level.
Genes annotated by the GO term GO:0048518.
Any process that activates or increases the
POSITIVE_REGULATION _ frequency, rate or extent of a biological process.
OF BIOLOGICAL PROCES 234 Biological processes are regulated by many means; 0.16 0.65 0.07 0.08 0.06 0.58
S examples include the control of gene expression,
protein modification or interaction with
a protein or substrate molecule.
Genes annotated by the GO term GO:0051128.
REGULATION OF Any process that modulatgs the freq_uency, rate
CELLULAR or extent of the processes involved in the
COMPONENT 37  formation, arrangement of constituent parts, 0.16 0.68 041 033 027 0.59
= or disassembly of cell structures, including
ORGANIZATION_ the plasma membrane and any external
AND_BIOGENESIS pasma Y ex
- encapsulating structures such as the cell wall
and cell envelope.
Genes annotated by the GO term GO:0030036.
ACTIN_CYTOSKELETON A }Er(;lc:ss tlltlati rllst}clar?i?n OItJit erilt threra cnelhilarn ltevgl
ORGANIZATION 37 Whieh resulls n the formation, arrangement o 025 084 041 026 03 0.59
~ constituent parts, or disassembly of cytoskeletal
AND_BIOGENESIS . . R
- structures comprising actin filaments and their
associated proteins.
Genes annotated by the GO term GO:0043623.
The aggregation, arrangement and bonding
CELLULAR PROTEIN
COMPLEX ASSEMBLY 15 together of a set of components to form a 0.29 0.83 0.13 0.08 0.12 0.59
— protein complex, occurring at the level of
an individual cell.
REGULATION OF
NUCLEOBASE _ Genes annotated by the GO term GO:0019219.
_NUCLEOSIDE Any process that modulates the frequency, rate
NUCLEOTIDE_AND _ 206 or extent of the chemical reactions and pathways 0.16 0.84 0.05 0.04 0.05 0.59
NUCLEIC_ACID involving nucleobases, nucleosides, nucleotides
METABOLIC and nucleic acids.
PROCESS
Copyright © 2013 SciRes. JCT



Tumorigenic Responses of Cancer-Associated Stromal Fibroblasts after Ablative Radiotherapy:

Continued

A Transcriptome-Profiling Study

249

MUSCLE_
DEVELOPMENT

REGULATION_OF
DEVELOPMENTAL
_PROCESS

NEGATIVE_
REGULATION
OF CELL_
PROLIFERATION

REGULATION_OF _
HYDROLASE_ACTIVITY

APOPTOTIC_PROGRAM

TISSUE_DEVELOPMENT

TRANSCRIPTION
FROM_RNA _
POLYMERASE 11
PROMOTER

BEHAVIOR

SKELETAL _
DEVELOPMENT

RESPONSE _TO
OTHER_ORGANISM

SENSORY_PERCEPTION

NEGA-
TIVE_REGULATION_

OF PROTEIN. METABOLI
C_

PROCESS

)

150

54

23

41

135

42

39

45

Genes annotated by the GO term GO:0007517.
The process whose specific outcome is the
progression of the muscle over time, from its
formation to the mature structure. The muscle is
an organ consisting of a tissue made up of
various elongated cells that are specialized to
contract and thus to produce movement and
mechanical work.

Genes annotated by the GO term GO:0050793.
Any process that modulates the frequency, rate
or extent of development, the biological process
whose specific outcome is the progression of a
multicellular organism over time from an initial
condition (e.g. a zygote, or a young adult) to a
later condition (e.g. a multicellular animal or an
aged adult).

Genes annotated by the GO term GO:0008285.
Any process that stops, prevents or reduces the
rate or extent of cell proliferation.

Genes annotated by the GO term GO:0051336.
Any process that modulates the frequency, rate
or extent of hydrolase activity, the catalysis of the
hydrolysis of various bonds, e.g. C-O, C-N, C-C,
phosphoric anhydride bonds, etc. Hydrolase is the
systematic name for any enzyme of EC class 3.
Genes annotated by the GO term GO:0008632.
The intracellular signaling cascade that results
when a cell is triggered to undergo apoptosis.
Genes annotated by the GO term GO:0009888.
The process whose specific outcome is the
progression of a tissue over time, from its
formation to the mature structure.
Genes annotated by the GO term GO:0006366.
The synthesis of RNA from a DNA template by
RNA polymerase II (Pol II), originating at a
Pol II-specific promoter. Includes transcription of
messenger RNA (mRNA) and certain small nuclear
RNAs (snRNAs).
Genes annotated by the GO term GO:0007610.
The specific actions or reactions of an organism
in response to external or internal stimuli.
Patterned activity of a whole organism in a
manner dependent upon some combination of
that organism’s internal state and external
conditions.
Genes annotated by the GO term GO:0001501.
The process whose specific outcome is the
progression of the skeleton over time, from its
formation to the mature structure. The skeleton
is the bony framework of the body in vertebrates
(endoskeleton) or the hard outer envelope of
insects (exoskeleton or dermoskeleton).
Genes annotated by the GO term GO:0051707.
A change in state or activity of a cell or an
organism (in terms of movement, secretion,
enzyme production, gene expression, etc.) as
a result of a stimulus from another living organism.
Genes annotated by the GO term GO:0007600.
The series of events required for an organism to
receive a sensory stimulus, convert it to a molecular
signal, and recognize and characterize the signal.

Genes annotated by the GO term GO:0051248.
Any process that stops, prevents or reduces the
frequency, rate or extent of chemical reactions
and pathways involving a protein.
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NEGA- Genes annotated by the GO term GO:0032269.
TIVE_REGULATION Any process that stops, prevents or reduces the
OF_CELLULAR PROTEIN 15 frequency, rate or extent of the chemical reactions 02 0.72 0.13 0.17 0.11 1 0.7
B and pathways involving a protein, occurring at
METABOLIC PROCESS the level of an individual cell.
Genes annotated by the GO term GO:0009790.
The process whose specific outcome is the
progression of an embryo from its formation until
the end of its embryonic life stage. The end of the
embryonic stage is organism-specific. For example,
for mammals, the process would begin with zygote
EMBRYONIC _ formation and end with birth. For insects, the process

DEVELOPMENT 26 would begin at zygote formation and end with larval

hatching. For plant zygotic embryos, this would be

from zygote formation to the end of seed dormancy.

For plant vegetative embryos, this would be from the

initial determination of the cell or group of cells to

form an embryo until the point when the embryo

becomes independent of the parent plant.

Genes annotated by the GO term GO:0007519.

The developmental sequence of events leading to

the formation of adult muscle that occurs in the

anima. In vertebrate skeletal muscle the main

events are: the fusion of myoblasts to form
15 myotubes that increase in size by further fusion 026 0.73 02 0.15 0.17 1 0.75

to them of myoblasts, the formation of myofibrils

within their cytoplasm and the establishment of
functional neuromuscular junctions with motor
neurons. At this stage they can be regarded

as mature muscle fibers.

Genes annotated by the GO term GO:0051704.
MULTI_ORGANISM 0 The processes by which an organism has an
PROCESS effect on another organism of the same or

different species.

Genes annotated by the GO term GO:0042127.
106 Any process that modulates the frequency, 0.21 0.73 0.16 0.16 0.14 1 0.76

rate or extent of cell proliferation.

0.25 0.73 0.15 0.11 0.14 1 0.72

SKELETAL MUSCLE _
DEVELOPMENT

023 0.73 029 025 022 1 0.75

REGULATION OF CELL_
PROLIFERATION
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