Global acetylome profiling indicates EPA impedes but OA promotes
prostate cancer motility through altered acetylation of PFN1 and
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Abstract

Prostate cancer (PCa) is one of the leading causes of cancer morbidity and mortality
in men. Metastasis is the main cause of PCa-associated death. Recent evidence
indicated a significant reduction in PCa mortality associated with higher ®-3
polyunsaturated fatty acids (PUFAs) consumption. However, the underlying
mechanisms remained elusive. In this study, we applied global acetylome profiling to
study the effect of fatty acids treatment. Results indicated that oleic acid (OA,
monounsaturated fatty acid, MUFA, 100 uM) elevates while EPA (eicosapentaenoic
acid, 100 uM) reduces the acetyl-CoA level, which alters the global acetylome. After
treatment, two crucial cell motility regulators, PFN1 and FLNA, were found with
altered acetylation levels. OA increased the acetylation of PFN1 and FLNA, whereas
EPA decreased PFNI1 acetylation level. Furthermore, OA promotes while EPA
inhibits PCa migration and invasion. Immunofluorescence assay indicated that EPA
impedes the formation of lamellipodia or filopodia through reduced localization of
PFN1 and FLNA to the leading edge of cells. Therefore, perturbed acetylome may be
one critical step in fatty acid-affected cancer cell motility. This study provides some
new insights into the response of w-3 PUFAs treatment and a better understanding of

cancer cell migration and invasion modulation.



Significance Statement

Prostate cancer is one of the leading causes of cancer morbidity and mortality in men.
As progresses to the advanced stage, prostate cancer cells infiltrate through the basal
lamina and lymph nodes, subsequently metastasizing to distant organs. Consequently,
the 5-year survival rate declines to approximately 31%. Recently, various studies
focused on the effect of diet and lifestyle factors, especially -3 polyunsaturated fatty
acids (0-3 PUFAs), on prostate cancer risk. This association may result from the active
fatty acid metabolic nature of prostate cancer cells. In this study, our results suggested
that Oleic Acid (OA, ®-9 monounsaturated fatty acids) or eicosapentaenoic acid (EPA,
one of the main components of Fish Oil, -3 PUFA) perturb the acetylome in prostate
cancer cells. Notably, altered acetylation was observed in PFN1 and FLNA, two pivotal
regulators of cell motility. Consequently, these changes influence the migration and
invasion abilities of prostate cancer cells through their effects on F-actin organization.
Thus, a therapeutic window may exist in treating cancer metastasis by targeting PFN1 and
FLNA and their regulators. Also, this study emphasizes the importance of fatty acid

uptake in treating prostate cancer metastasis.



Introduction

Prostate cancer (PCa) is one of the leading causes of cancer morbidity and mortality
in men ™. In China, prostate cancer burden significantly increased recently,
particularly in older people %1 In Europe, it is the most common primary site in men
and the third cause of death from cancer [*l. It is estimated that in 2024, prostate
cancer is expected to emerge as the most prevalent form of cancer and the second
leading cause of cancer-related mortality among men in the USA Pl. Although the
death rate began to decrease in the early 1990s, the decline tendency ceased in recent
years [®), What is worse is that the incidence of advanced-stage prostate cancer
increased rapidly, with the 5-year survival rate dropping to around 31% B-7). When
progressed to the advanced stage, prostate cancer cells invade through the basal
lamina and lymph nodes and then metastasize to distant organs, such as livers, lungs
or bones, which is the main cause of prostate cancer-associated death [®l. Therefore, it
is urgent to decipher the critical factors of prostate cancer metastasis to improve the
prognosis.

Cancer metastasis is a multi-step process mainly based on cell migration and
invasion ). During migration and invasion, actin filaments undergo reorganization to
extend distinct membrane protrusions, for instance, lamellipodia or filopodia. In
lamellipodia, actin filaments are assembled into the branching networks; nevertheless,
they are organized into long parallel bundles when forming filopodia P-13). The
assembly and reorganization of actin filaments are tightly regulated during the
migration or invasion cycle. On the one hand, the assemble and disassemble process is
modulated by many actin monomer binding proteins, including thymosin (4,
twinfillin and Arp2/3 complex, particularly Profilin-1 (PFN1) P!, which plays a

critical role in actin homeostasis at the leading edge of membrane protrusion 413, On



the other hand, the organization of filamentous actin (F-actin) is regulated by cross-
linking and bundling proteins, such as Filamin A (FLNA). It contributes to orthogonal
branching or cross-linking of F-actin '), Considering the crucial role of PFN1 and
FLNA in regulating F-actin and orchestrating cell migration and invasion, the detailed
study may lead to a better understanding of cancer metastasis.

Recently, various studies focused on the effect of diet and lifestyle factors,
especially -3 polyunsaturated fatty acids (-3 PUFAs), on prostate cancer risk [17-21],
Although the evidence of ®-3 PUFAs intake and prostate cancer incidence is
controversial 7181 several studies indicated a significant reduction of prostate cancer
mortality associated with higher m-3 PUFAs consumption [1°2!], This may result from
the active fatty acid metabolic nature of prostate cancer cells >?*], Increased fatty
acid utilization, particularly fatty acid B-oxidation, provides cells with acetyl-CoA,
one central metabolite that regulates many key biological processes through protein
acetylation [>*1. Here in the present study, we treated prostate cancer cells with Oleic
Acid (OA, ®-9 monounsaturated fatty acids) or eicosapentaenoic acid (EPA, one of
the main components of Fish Oil, -3 PUFA) to investigate how these different fatty
acids influence their behavior through the altered acetyl-CoA level and protein
acetylation. As a result, those two fatty acids changed the acetylation of PFN1 and
FLNA, which subsequently affects prostate cancer cell migration and invasion via F-
actin organization. Our study provides new insight into fatty acid metabolism and cell

motility of prostate cancer.



Materials and methods

Cell lines and reagents

Prostate cancer cell lines PC-3 and LNCaP clone FGC were purchased from Stem
Cell Bank, Chinese Academy of Sciences (Shanghai, China). PC-3 cells were cultured
in F-12K medium (Hyclone, Logan, UT, USA) with 10% fetal bovine serum
(Biological Industries, Kibbutz Beit Haemek, Israel). LNCaP cells were cultured in
RPMI-1640 medium with the final concentration of 10% fetal bovine serum
(Biological Industries), 2 mM L-Glutamine (Beyotime Biotechnology, Shanghai,
China) and 1 mM sodium pyruvate (Sigma-Aldrich, St. Louis, MO, USA). All cells
were incubated in a humidified atmosphere with 5% CO- at 37 °C.

EPA was kindly provided by Yuekang Biotechnology Co., Ltd. (Suzhou, China).
EPA and oleic acid (OA, Macklin, Shanghai, China) were dissolved in ethanol
(Sinopharm, Shanghai, China) to obtain a stock solution with a concentration of 100
mM. The cells were treated with a final concentration of 100 uM OA or EPA, while
the control group received an equal amount of ethanol (0.1%, v/v). Cells were
harvested 24 h after treatment for further study. The concentration of EPA at 100 pM
was determined to be a sublethal dose (2%,

Cellular Acetyl Coenzyme A quantification

The concentration of cellular Acetyl Coenzyme A (Acetyl-CoA) was determined
using a sandwich ELISA-based kit (Sangon, Shanghai, China) following the
manufacturer’s instructions. Briefly, harvested cells were washed with PBS twice. For
each 1 x 10° cells, add 250 pL PBS to keep the cells suspended. After sonication (five
bursts for five seconds and cool on ice for five seconds between each burst), cell
lysate was centrifuged for 10 min at 1500 x g at 4 °C to remove the cell fragments.

For Acetyl-CoA detection, 100 pL. of samples or standards were added to reaction



wells and incubated for 90 min at 37 °C. After washing, the biotin-conjugated
antibody was added to each well and incubated for 60 min at 37 °C. The antibody was
discarded, and the wells were washed four times, followed by incubating HRP-
conjugated streptavidin working solution for 30 min at 37 °C. After four times of
wash, substrate reagent was added and developed for 15 min at 37 °C. The stop
solution was added to stop the reaction, and the OD value was immediately measured
at the wavelength of 450 nm with a microplate reader (SpectraMax 13X, Molecular
Devices, CA, USA). The results were normalized by cell number in each group. Three
technical replicates were performed for each sample.

Protein extraction and digestion for proteomics

PC-3 cells were seeded in the 150 mm culture dish (1x10° cells per dish) and treated
for 24 h. Four batches of cells were harvested and lysed at room temperature using
urea lysis buffer containing 9 M urea (Sigma), 20 mM HEPES (Sigma), 1 mM sodium
orthovanadate (Sigma), 2.5 mM sodium pyrophosphate (Sigma), 1 mM -
glycerophosphate (Sigma). The lysate was sonicated three times. For each sonication
cycle, sonicate for 15 s and cool on ice for 1 min. Then, the lysate was centrifugated
at 20000 x g for 15 min at room temperature, after which the supernatant was
transferred to a new tube. The protein concentration was determined by the BCA
protein quantification kit (Beyotime). After reduction with dithiothreitol (DTT, sigma)
and alkylation with iodoacetamide (Aladdin, Shanghai, China), the protein was
diluted 4-fold by 20 mM HEPES (pH 8.0) and was digested by trypsin (1:75, Promega,
Madison, WI, USA) overnight at 37 °C. Acidify the digest by adding trifluoroacetic
acid (TFA, sequencing grade, Thermo Fisher Scientific, Waltham, MA, USA) to the
digest at a final concentration of 1%, followed by centrifuge at 2000 x g at room

temperature. Transfer the supernatant to a new tube, after which the peptides were



purified by Sep-Pak® C18 Purification column (Waters, Milford, MA, USA) and
lyophilized.

Enrichment of peptide with lysine acetylation

The peptide enrichment was carried out using PTMScan® Acetyl-Lysine Motif [Ac-
K] Kit (Cell Signaling Technology, Danvers, MA, USA) following the instructions
from the manufacturer. In brief, lyophilized peptides were resuspended with
immunoaffinity purification (IAP) buffer and incubated with pre-cleaned antibody-
bead slurry at 4 °C for 2 h. After washing, enriched peptides were eluted with 0.15%
TFA, purified using MonoSpin Cig column (GL Science, Tokyo, Japan) and
lyophilized.

Label-free based acetylomics

Enriched peptides (2 pg) were analyzed using EASY-nLC 1000 coupled with LTQ-
Orbitrap Elite (Thermo Fisher). The analytical column used was MonoCap™ Cis
High Resolution 3000 column (5020-MonoCap C18 High Resolution 3000, 0.1 mm,
GL Science). Briefly, lyophilized peptides were resuspended with 0.1% formic acid
(FA, Fluka, Charlotte, North Carolina, USA) and separated by buffer system: buffer A
(0.1% FA) and buffer B (98% acetonitrile, 0.1% FA). The flow rate was 300 nL/min,
and the gradient was set as follows: 5% B, 0 min; 5% ~ 50% B, 315 min; 50% ~ 90%
B, 35 min; 90% B, 20 min; 90% ~ 5% B, 15 min; 5% B,10 min. For the MS method,
the NSI source was used, the spray voltage was 1.8 kV, and the capillary temperature
was 275°C. Data-dependent analysis (DDA) was chosen as the data acquisition mode
to get a higher-quality secondary spectrum. The resolution of full mass scanning was
set at 60,000, the scan range 300 ~ 2000 m/z, and the resolution of tandem scanning
was set at 15,000. The normalized collision energy of HCD was 35% x 5 V, activation

time was 0.1 ms, and isolation width = 1.0 m/z.



Data analysis of acetylome profiling

MaxQuant software (Version 1.6.7.0) was used for label-free quantitation (LFQ)
analysis. Variable modifications contained oxidation, acetyl (K), and acetyl (protein
N-term); fixed modifications included carbamidomethyl. The false discovery rate
(FRD) cut-off value was set to 0.01. The unique peptides with acetylation are
screened out. The mass spectrometry proteomics data have been deposited to the
ProteomeXchange Consortium with the dataset identifier PXD044068.

For further analysis, R software (Version 4.2.1) was used with packages of limma
(Version 3.52.2) for expression analysis and clusterProfiler (Version 4.4.4) for Gene
Ontology (GO) enrichment %27, Candidates must meet the following criteria: P-
value < 0.05, at least in one comparison group among EPA-Ethanol, OA-Ethanol or
EPA-OA; and fold change > 1.5 between EPA and OA treated groups.

Immunoprecipitation (IP)

Harvested cells were lysed with RIPA lysis buffer (Beyotime), supplied with the
cocktail of protease inhibitors, phosphatase inhibitors and deacetylase inhibitors
(Beyotime). BCA protein quantification kit (Beyotime) was used to determine protein
concentration. Total 750 pg of proteins were used for IP. The proteins were incubated
with anti-PFN1 (Abways, Shanghai, China), anti-FLNA (Santa Cruz Biotechnology,
Dallas, TX, USA) or mouse/rabbit IgG (Beyotime) antibodies at 4 °C overnight.
Afterwards, protein A/G Sepharose beads (Abcam, Cambridge, MA, USA) were used
for capturing the antibodies. After 2 h of incubation at 4 °C, the beads were collected
by centrifuging the mixture at 2,000 x g for 2 min, followed by three times of wash
with PBST. Proteins were eluted with 2 x loading buffer and denatured at 100°C for
10 min.

In-gel digestion and LC-MS/MS analysis



Eluted proteins were loaded into polyacrylamide gels. After 10 min of
electrophoresis, gels were cut into pieces and destained with 50 mM NH4HCO3
(Sigma) in 50 % (v/v) acetonitrile (Thermo) until clear. Then, acetonitrile was added
for dehydration. Gel pieces were incubated with 10 mM dithiothreitol (DTT, Sigma)
for 1 h at 37 °C. After dehydration with acetonitrile, gel pieces were incubated with
55 mM of iodoacetamide (Aladdin) for 45 min at room temperature in the dark,
followed by a washing step using 50 mM NH4sHCO3. After dehydration, gel pieces
were digested with 10 ng/uL trypsin overnight at 37 °C. Digested peptides were
extracted sequentially with 50 % acetonitrile/5 % FA and 100 % acetonitrile, after
which the peptides were lyophilized and resuspended in buffer A (2 % acetonitrile,
0.1 % FA)

The peptides were separated with Cis column (Double nanoViper™ PepMap™ Neo
UHPLC column, DNV75150PN, 0.075 mm, Thermo Fisher) by buffers A and B (80 %
acetonitrile, 0.1 % FA). The flow rate was 300 nL/min, and the gradient was set as
follows: 5 % B, 0 min; 5 % ~ 8 % B, 5 min; 8 % ~ 32 % B, 40 min; 32 % ~99 % B, 9
min. Separated peptides were then analyzed by Q Exactive™ Plus (Thermo). The
electrospray voltage was 2.2 kV, and the capillary temperature was 320°C. The m/z
scan range was 400 to 1600. More instrument settings are available in Table S1. The
MS/MS data were processed with Proteome Discoverer (PD v2.5). Variable
modifications contained oxidation, acetyl (K), and acetyl (protein N-term); fixed
modifications included carbamidomethyl. Peptide intensities were selected for
analysis.

Western blot analysis

Harvested cells were lysed with Cell lysis buffer for Western and IP (Beyotime),

supplied with the cocktail of protease inhibitors, phosphatase inhibitors and



deacetylase inhibitors (Beyotime). BCA protein quantification kit (Beyotime) was
used to determine protein concentration. The equal amounts of proteins were loaded
into SurePAGE™ precast gels with a linear gradient between 4 — 20 % (GenScript,
Nanjing, China). After separation, proteins were transferred to PVDF membranes
(Millipore, Billerica, MA, USA) by eBlot® L1 protein transfer system (GenScript),
followed by incubation with QuickBlock™ Blocking Buffer (Beyotime) for 1 h at
room temperature. Membranes were then incubated with primary antibodies against
B-tubulin (Proteintech, Rosemont, IL, USA), acetyl lysine (PTM-BIO, Hangzhou,
Zhejiang, China), PFN1 (Abways) or FLNA (Santa Cruz Biotechnology) overnight at
4 °C. The membranes were then incubated with IRDye® 680 Donkey anti-Rabbit IgG
(H + L) or IRDye® 800 Donkey anti-Mouse IgG (H + L) secondary antibodies (LI-
COR Corporate, Lincoln, NE, USA) after washing. Protein bands were visualized
using Odyssey® DLx Imaging System (LI-COR Corporate) and analyzed using Image
Studio Lite (Ver 5.2, LI-COR Corporate). The level of B-tubulin was considered as a
loading control. Three biological replicates were conducted for all the immunoblotting
assays.

RNA interference and transfection

For the downregulation of PFN1 and FLNA, siRNAs (Table S2) were designed and
purchased from GenePharma (Suzhou, China). Transient transfection of siRNAs was
carried out using an X-Porator H1 electroporation system (Etta Biotech, Suzhou,
China) following the instructions from the manufacturer. Briefly, 1-2 x 10° cells were
harvested and resuspended in EBEL buffer. After adding the control RNA or siRNAs,
the cell suspension was transferred to the cuvette electrode. The electroporation

program was set as 150 V of voltage, 1500 ps of duration, 4 of pulse number and 600



ms of interval. Then, transfected cells were washed with culture media and seeded
into plates for further analysis.

RNA isolation and quantitative real-time PCR

Total RNA was isolated using TRI reagent® (Sigma). The concentrations were
determined by Nano-Drop one (Thermo). A total 1 pg of RNA was reverse
transcribed into cDNA by the GoScript™ Reverse Transcription System (Promega).
For gRT-PCR, GoTaq® qPCR Master Mix (Promega) was used. Quantitative PCR
was performed by QuantStudio 5 (Thermo) Real-Time PCR System. The level of
TUBB (B-tubulin) was considered as the internal control. The primers for PFNI are:
forward, ATCGTGGGCTACAAGGACTC; reverse,
TTGGTGACAGTGACATTGAAGG. For FLNA: forward,
GCTCCTGTGGTGTGGCTTA; reverse, AAGAGGCTGGCTGGTTGAC. For TUBB:
forward, ATATGTTCCTCGTGCCATCCT; reverse, TCTGCCTCCTTCCGTACCA.
Three technical replicates were conducted for each sample.

Wound-healing assay

Cells were seeded in six-well plates. A wound was drawn vertically using a 1 mL
pipette tip in the six-well plates. Cells were then washed with PBS to remove the
detached cells. The fresh medium without FBS was added. Subsequently, the cells
were subjected to treatment with ethanol, OA (100 uM), and EPA (100 uM) until the
completion of the experiment. Photos were taken at an appropriate time to assess cell
migration using a light microscope (ECLIPSE Ti2, Nikon, Tokyo, Japan). All the
wound-healing assay had been repeated for three times. Fiji (2.11.0) plug-in “MRI
Wound Healing Tool” was applied for the calculation of open wound area.

Transwell invasion assay



Cell invasion was assessed by transwell chambers with 8 um pore polycarbonate
membrane (Corning Incorporated, Corning, NY, USA), which were coated with
Matrigel (BD Bioscience, Billerica, MA, USA) at 1:7 dilution before use. Treated
cells were harvested and adjusted to the same density. For PC-3 cells, 1 x 10° cells
were seeded into the upper chamber. For LNCaP cells, 2 x 10° cells were seeded. The
lower chambers were filled with culture media that contained 20 % FBS. After 24 h
for PC-3 and 48 h for LNCaP, the cells remaining in the upper chambers were scraped
off, and the invading cells were stained using the Wright-Giemsa solution (Nanjing
Jiancheng Bioengineering Technology, Nanjing, China). For each transwell assay,
three images were captured under a microscope (ECLIPSE Ti2), and the numbers of
invaded cells were counted.

Immunofluorescence assay

The visualization of lamellipodia or filopodia was achieved by staining F-actin with
phalloidin. In brief, 5 x 10* cells were seeded per well in 24-well plates and treated for
24 h before immunofluorescence assay. Treated cells were then fixed with 4 %
paraformaldehyde (Biosharp, Hefei, China) for 10 min at room temperature, followed
by permeation using 0.2% Triton X-100 (Beyotime) for 10 min. After blocking using
5% BSA for 1 h, cells were incubated with primary antibody against PFN1 (Abways)
or FLNA (Santa Cruz Biotechnology) at 4 °C overnight. After three times of washing,
samples were incubated with Actin-Tracker Green-488 (Alexa Fluor 488-conjugated
phalloidin, Beyotime) and CoraLite594-conjugated Goat anti-Rabbit or anti-Mouse
IgG (H+L) (Proteintech) for 1 h at room temperature. Afterwards, samples were
mounted with DAPI containing antifading mounting medium (Beijing Solarbio
Science & Technology Co., Ltd., Beijing, China). Images were captured with

Confocal Microscope LSM 880 (Zeiss, Oberkochen, Germany).



Statistical analysis

The quantitative results are presented as the mean values + SD. Statistical analysis
was carried out using GraphPad Prism 8. One-way or two-way ANOVA with Tukey’s
or Dunnett’s multiple comparison tests were performed when appropriate. Results
were considered statistically significant when the p-value < 0.05. Statistical

significance is demonstrated in the Figures: * p < 0.05, ** p <0.01, *** p <0.001.



Results

OA or EPA treatment alters cellular acetyl-CoA levels and perturbs global
acetylome in prostate cancer cells

To test whether distinct fatty acids alter cellular acetyl-CoA, we determined its level
using an ELISA-based kit. PC-3 and LNCaP cells were treated with ethanol (solvent
control), OA, and EPA, respectively, for 24 h. Interestingly, compared to the control
group, OA treatment increased while EPA reduced cellular acetyl-CoA level (Figure
1A).

Since altered acetyl-CoA level may result in perturbed acetylome, we next applied
global acetylome profiling in PC-3 cells, trying to unveil the mechanism of how these
fatty acids change the behavior of prostate cancer cells. The workflow is shown in
Figure 1B. A total of 538 acetylated peptides were identified in our acetylome
profiling. Among all identified peptides, 67 were selected as regulated peptides for the
p-value < 0.05, at least in one comparison group among EPA-Ethanol, OA-Ethanol or
EPA-OA. Finally, 44 peptides representing 41 differentially acetylated proteins were
selected as candidates for the fold change was higher than 1.5 between EPA and OA
treated groups (Figure 1C). All candidates and the acetylation sites were shown in the
volcano plot (Figure 1D). Intriguingly, the acetylation levels of most candidates in the
OA group were found to be elevated compared with other groups. Only several
proteins showed altered acetylation between EPA and ethanol groups.

We next carried out Gene Ontology (GO) analysis (Table S3). Results suggested
many proteins are involved in the biological process (BP) of peroxisome localization,
organization or transportation. Also, many candidates were located in the cellular
component (CC) of the peroxisomal matrix. This is consistent with the fact that

peroxisome is the key organelle responsible for long-chain fatty acid beta-oxidation,



which generates acetyl-CoA. Moreover, some candidates locate in focal adhesion and
have the molecular function (MF) of cadherin binding. Since this study mainly
focuses on prostate cancer motility and metastasis, Profilin-1 (PFN1) and Filamin A
(FLNA) were selected for further investigation due to their critical role in maintaining
dynamic homeostasis and meticulous organization of F-actin [*14-1628-31]

Validation of PFN1 and FLNA acetylation

Since our acetylome results indicated that altered acetylation occurred at K126 of
PFN1 and K2569 of FLNA after treatment (Figure 2A & 2B), we next carried out an
immunoprecipitation assay for validation. Both proteins were precipitated and
examined by the Lysine-acetylation motif antibody. Results showed that, in PC-3 cells,
the protein level of both PFN1 and FLNA remained unchanged when treated with OA
or EPA. The acetylation of PFN1 was higher in OA treated group and much less in the
EPA group, compared with the control group (Figure 2C). Intriguingly, FLNA also
showed over acetylation in OA treated group but was similarly acetylated between
ethanol and EPA groups (Figure 2D). Since it is possible that FLNA may be
acetylated at multiple sites, we further validated its acetylation using mass
spectrometry after IP. Results showed that besides K2569, FLNA was acetylated at
multiple sites, including K691, K891, K1801 and K2623. Moreover, acetylation
patterns were distinct in different groups (Figure S1).

To confirm whether the fatty acid treatment also affects the acetylation of PFN1 and
FLNA in LNCaP cells, we investigated their acetylation using a similar approach.
Results indicated that PFN1 acetylation was elevated in the OA group while less
acetylated in EPA treated group (Figure S2). Unexpectedly, we failed to observe the
acetylated band of FLNA in LNCaP cells by Western blot. We then examined the

acetylation by using mass spectrometry after IP. As shown in Figure S3, the



acetylation of FLNA only occurred in the OA group at K33 and K691. (Figure S4, S5
and S6 show the uncropped western blot images)

In conclusion, in both PC-3 and LNCaP cells, the acetylation of PFN1 elevated
when treated with OA while decreased when treated with EPA. Nevertheless, FLNA
acetylation was increased in the wake of OA treatment. Moreover, the acetylation
pattern of FLNA changed after treatment with different fatty acids.

PFN1 and FLNA are key modulators of prostate cancer migration and
invasion

Having validated the acetylation change of PFN1 and FLNA, we next evaluated
their function in cancer cell motility through downregulation. Two siRNAs were
designed and transfected into PC-3 and LNCaP cells for each gene. The knockdown
efficiency was confirmed by qPCR and Western blot 48 hours post-electroporation.
As shown in Figure 3A & 3C, both PFN1 and FLNA were successfully knocked
down at the mRNA level. Their knockdown was further confirmed by Western blot at
the protein level (Figure 3B & 3D, Figure S7). We then evaluated their essentiality in
cell motility by wound healing and invasion assay. After electroporation, cells were
seeded in 6-well plates and incubated for 48 h before the wound was drawn. Results
indicated that PFN1 or FLNA downregulation impeded the migration of PC-3 and
LNCaP cells and that the wound narrowed more slowly in downregulated groups than
in the control groups (Figure 3E). Similarly, PFN1 or FLNA downregulation
compromised the capability of prostate cancer cells to penetrate through the Matrigel-
coated transwell chamber (Figure 3F). In the control group, around 75 of PC-3 and
125 of LNCaP cells can be seen in each field. However, it was less than 20 of PC-3
and 45 of LNCaP cells per field in the downregulated groups.

In conclusion, PFN1 and FLNA are vital to prostate cancer migration and invasion.



OA stimulates while EPA impedes the migration and invasion of prostate
cancer cells

Since PFN1 and FLNA are critical to cancer cell motility, we thus postulated that
different fatty acids might affect the migration and invasion through altered
acetylation of those two proteins. Therefore, we applied wound-healing assay and
transwell invasion assay for functional validation. As expected, when treated with OA,
PC-3 cells exhibited higher migration capacity that the wound almost healed after 48
h; while the gap in EPA treated group recovered more slowly, the wound area
diminished to about 50% (Figure 4A). Although LNCaP cells migrated more slowly
than PC-3 cells, similar results were observed. The wound area narrowed more
rapidly in OA treated group than in other groups. After 96 h, the open wound area
reduced to less than 70% in the OA group, while it was more than 80% in the EPA
group compared with the initial area. These results suggested that OA stimulated
while EPA impeded the migration of prostate cancer cells.

Next, we applied an invasion assay by coating the upper chamber of the transwell
with Matrigel. Cells were pre-treated for 24 h before harvesting. After incubation of
24 h for PC-3 cells and 48 h for LNCaP cells, the chambers were stained to visualize
the invaded cells. As a result, more cells penetrated through the chamber in OA
treated group while only few cells did in EPA treated group than the control group,
indicating that OA accelerated but EPA decelerated the invasion of prostate cancer
cells.

Moreover, we tested whether OA treatment could recover the motility in PFNI1 or
FLNA downregulated prostate cancer cells. Results suggested that OA partially

restored the motility when PFN1 or FLNA were knocked down, compared to the OA



treated control group (Figure S8). These findings indicate that both PFN1 and FLNA
are crucial factors in OA stimulated prostate cancer motility.

Changed cell motility after OA or EPA treatment results from altered F-actin
skeleton organization

Actin remodeling and organization play a critical role in cancer cell migration and
invasion. As observed in this study, both PFN1 and FLNA are key modulators of this
process. Therefore, the changed acetylation status of those two proteins may affect
actin organization. To study whether OA or EPA treatment alters actin skeleton
organization, we carried out an immunofluorescence assay. In PC-3 cells, PFN1
located in lamellipodia in the control and OA-treated groups to promote filamentous
actin (F-actin) assembly (Figure 5A). Simultaneously, FLNA co-localized with F-
actin at lamellipodia, contributing to actin organization in the control and OA-treated
groups (Figure 5B). However, only 25% of PC-3 cells in the EPA-treated group
exhibited PFN1 or FLNA co-localization with F-actin at lamellipodia. In comparison,
it was around 40% in the control group and 60% in the OA-treated group (Figure 5A
& 5B, Figure S9 & S10). Interestingly, LNCaP cells tend to form filopodia rather than
lamellipodia. As shown in Figure 5C & 5D, filopodia in the control and OA-treated
groups filled with bundles of F-actin and more PFN1 and FLNA co-localization. On
the contrary, only 10% of PFN1 and 20% of FLNA co-exist with F-actin at filopodia
when treated by EPA (Figure 5C & 5D, Figure S11 & S12).

In conclusion, OA or EPA treatment affected F-actin organization through the

changed behaviour of PFN1 and FLNA.



Discussion

Recently, mounting evidence indicated that ®-3 long chain PUFAs, such as DHA or
EPA, exhibited a protective effect on prostate cancer [1*2!]. However, the mechanisms
remained unclear. Herein, our study provides novel evidence that EPA impedes the
migration and invasion of prostate cancer. Results suggested that EPA treatment
reduced cellular acetyl-CoA level and then altered acetylation of PFN1 and FLNA,
two critical factors of actin organization during the formation of lamellipodia or
filopodia. Consequently, the migration and invasion of prostate cancer cells were
inhibited due to the malfunction of lamellipodia or filopodia. On the contrary, OA (-
9 monounsaturated fatty acid) elevates the acetyl-CoA level, resulting in over-
acetylation of PFN1 and FLNA and accelerating cell migration and invasion.

One pivotal fatty acid metabolism pathway of cancer cells is B-oxidation, especially
in prostate cancer ?%% It supports the proliferation and metastatic progression of
cancer cells with the supplement of ATP, NADPH and, most importantly, acetyl-CoA
321 Ample evidence suggests that acetyl-CoA is a critical metabolite linking many
catabolic and anabolic metabolism and acts as a second messenger regulating many
key processes via altered acetylome 4%, Moreover, the supplement of Acetyl-CoA
enhanced the migration of PC-3 cells while etomoxir, the B-oxidation inhibitor,
impeded OA induced migration (Figure S13). Intriguingly, in this study, OA
treatment significantly elevated acetyl-CoA concentration; however, when treated
with EPA, the acetyl-CoA level was reduced. This may be due to different
metabolism pathways based on the unsaturation degrees. Firstly, the oxidation of EPA
is more complicated than OA. Polyunsaturated EPA requires the auxiliary enzyme
system P4, which decreases the efficiency of B-oxidation. Secondly, another study in

our group suggested that prostate cancer cells may harbour distinct preferences in the



utilization of fatty acids with different degrees of unsaturation (data not shown).
Further study will be carried out to investigate the influences of these fatty acids on
the cellular lipid pool.

Prior studies that have noted the importance of fatty acids supplement and cancer
motility, primarily by modulating PPARY activity, cellular lipid metabolism or
epithelial-mesenchymal transition =81, In this study, our novel findings suggest that
the acetylation of PFN1 and FLNA, rather than changes in their expression levels,
plays a pivotal role in modulating cell motility upon treatment with fatty acids. They
are both critical in prostate cancer migration and invasion (Figure 3). On the one hand,
PFN1 promotes actin polymerization to support cell migration and invasion 141531,
PFN1 consists of five a-helixes and seven B-sheets. Herein, PFN1 was found
acetylated at K126 within helix 5, a critical domain responsible for interacting with
actin %1 Our results suggested that acetylation at K126 may contribute to the binding
of PFNI to actin. That may be the reason why PFN1 was absent at the leading edge of
lamellipodia or filopodia upon EPA treatment (Figure SA & 5C, Figure S9 & S11).
Intriguingly, the migration decreased when deacetylation mimic mutation of PFN1
(K126R) was transfected in PC-3 cells (Figure S14). On the other hand, FLNA
contributes to orthogonal branching or cross-linking of F-actin !¢, As shown in
Figure S1A, FLNA consists of one actin-binding domain (ABD) at the N-terminal, 24
Filamin repeats and two hinges. The ABD and Filamin repeat 1-15 form a linear
structure termed rod-1 (1431, We found that FLNA is acetylated at K691 and K891 in
PC-3 cells or K33 and K691 in LNCaP cells within rod-1. Altered acetylation within
rod-1 may affect its binding to F-actin and change the tension of the F-actin network
(4] Besides, altered acetylation at K2569 in Filamin repeat 24 may affect the

dimerization of FLNA ™!, Although FLNA is acetylated at multiple sites, the overall



acetylation level elevated after OA treatment (Figure 2D). Functionally, more over-
acetylated FLNA was found to localize to lamellipodia or filopodia, subserving their
formation and prostate cancer cell migration and invasion (Figure 5B & 5D, Figure
S10 & S12).

Although we have identified the acetylation sites of PFN1 and FLNA, many
questions remain elusive. First, the connection between acetylation and their function
is not clear. Second, how their acetylation is regulated needs to be studied. Third,
whether acetylation communicates with other types of post-translational modification
(for instance, phosphorylation or succinylation) remains to be clarified. Last, besides
actin, their interaction partners are also critical and need to be identified. Therefore,
further scrutiny will be devoted to deciphering those missing puzzles.

Recently, the role of PFN1 [142845-50] and FLNA [2%-31415152] in cancer has been
brought into the limelight. However, few studies focused on the correlation between
their acetylation and cancer dissemination. In this study, we found that different fatty
acids alter the cellular acetyl-CoA level to perturb the acetylome in prostate cancer;
OA contributes to migration and invasion through over-acetylation of PFN1 and
FLNA, whereas EPA impedes migration and invasion via reduced acetylation of
PFNI1 or altered acetylation pattern of FLNA. This is one critical step in fatty acid-
affected cancer cell motility. Thus, a therapeutic window may exist in treating cancer
metastasis by targeting PFN1 and FLNA and their regulators. Also, this study

emphasizes the importance of fatty acid uptake in treating prostate cancer metastasis.
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Figure legends

Figure 1. Global acetylomics study after the treatment of OA or EPA. (A) The
cellular acetyl-CoA level changes after the treatment with ethanol, OA (100 uM) or
EPA (100 uM) in PC-3 and LNCaP cells. Cells were treated for 24 h. The
concentration was normalized with cell number. Three technical replicates were
performed. (B) The workflow of the acetylomics study. Four batches of cells were
harvested for analysis. (C) The number of identified peptides, regulated peptides and
candidates. Peptides with a p-value less than 0.05 and at least in one comparison
group among EPA vs. Ethanol, OA vs. Ethanol or EPA vs. OA were considered as
regulated peptides. Peptides with a fold-change higher than 1.5 between EPA- and
OA-treated groups were considered candidates. (D) Volcano plots of identified
peptides. The protein names and acetylation sites of some candidates are presented. (E)
Gene Ontology (GO) enrichment of all candidates. The data are presented as mean +

standard deviation. **p < 0.01, ***p < 0.001.

Figure 2. Validation of PFN1 and FLNA acetylation. The mass spectra of the
acetylated peptides of PFN1 and FLNA are shown in (A) and (B), respectively.
Western blot validation of the PFN1 acetylation and FLNA acetylation are shown in
(C) and (D), respectively. Cells were treated with ethanol, OA (100 uM), or EPA (100
puM) for 24 h. Anti-lysine acetylation motif antibody was used. Immunoblotting was
repeated three times for each candidate. The data are presented as mean =+ standard

deviation. *p <0.05, **p <0.01, ***p <0.001, ns = not significant.

Figure 3. PFN1 and FLNA are essential for the migration and invasion of prostate
cancer cells. The mRNA and protein levels of PFN1 and FLNA in PC-3 or LNCaP

cells after down-regulation are shown in (A) and (B) for PC-3 cells, (C) and (D) for



LNCaP cells, respectively. (E) Wound-healing assay for the migration of the prostate
cancer cells. Cells were seeded and attached. After the wound was made by
mechanical scratching, cells were washed with PBS and supplied with media without
FBS. The scale bar indicates a length of 200 um. (F) Transwell invasion assay. The
upper chamber was pre-coated with Matrigel. The same number of cells were seeded
in FBS-free media. The lower chamber contains media with 20% FBS. The scale bar
indicates the length of 50 um. The data are presented as mean + standard deviation.

%p < 0.05, **p < 0.01, ***p < 0.001.

Figure 4. OA stimulates while EPA impedes the migration and invasion of prostate
cancer cells. (A) Wound-healing assay for the migration of prostate cancer cells. Cells
were seeded and attached. After the wound was made by mechanical scratching,
ethanol, OA (100 uM) or EPA (100 uM) were added. The scale bar indicates a length
of 200 um. (B) Transwell invasion assay. Cells were pre-treated with ethanol, OA
(100 uM) or EPA (100 uM) for 24h and harvested. The same number of cells were
seeded in the upper chamber pre-coated with Matrigel. The scale bar indicates a
length of 50 pum. The data are presented as mean + standard deviation. *p < 0.05, **p

<0.01, ***p <0.001.

Figure 5. Immunofluorescence assay of F-actin with PFN1 or FLNA after treatment.
The co-localization of F-actin with PFN1 (A & C) or FLNA (B & D) in PC-3 cells
and LNCaP cells, respectively. The scale bar indicates the length of 10 um. The bar
chart indicates the percentage of PFN1 or FLNA localized to lamellipodia (PC-3) or
filopodia (LNCaP). Three views for PC-3 cells and five for LNCaP were evaluated
(please see supplementary figures). The data are presented as mean + standard

deviation. *p < 0.05, **p <0.01, ***p <0.001, ns = not significant.
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Figure 1. Global acetylomics study after the treatment of OA or EPA. (A) The cellular acetyl-CoA level changes after the treat-
ment with ethanol, OA (100 uM) or EPA (100 pM) in PC-3 and LNCaP cells. Cells were treated for 24 h. The concentration
was normalized with cell number. Three technical replicates were performed. (B) The workflow of the acetylomics study. Four
batches of cells were harvested for analysis. (C) The number of identified peptides, regulated peptides and candidates. Peptides
with a p-value less than 0.05 and at least in one comparison group among EPA vs. Ethanol, OA vs. Ethanol or EPA vs. OA were
considered as regulated peptides. Peptides with a fold-change higher than 1.5 between EPA- and OA-treated groups were con-
sidered candidates. (D) Volcano plots of identified peptides. The protein names and acetylation sites of some candidates are pre-
sented. (E) Gene Ontology (GO) enrichment of all candidates. The data are presented as mean + standard deviation. **p < 0.01,

wxkp < 0,001,
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Figure 2. Validation of PFN1 and FLNA acetylation. The mass spectra of the acetylated peptides of PFN1 and FLNA are
shown in (A) and (B), respectively. Western blot validation of the PFN1 acetylation and FLNA acetylation are shown in
(C) and (D), respectively. Cells were treated with ethanol, OA (100 uM), or EPA (100 uM) for 24 h. Anti-lysine acetylation
motif antibody was used. Immunoblotting was repeated three times for each candidate. The data are presented as mean +
standard deviation. *p < 0.05, **p < 0.01, ***p < 0.001, ns = not significant.
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Figure 3. PFN1 and FLNA are essential for the migration and invasion of prostate cancer cells. The mRNA and protein
levels of PFN1 and FLNA in PC-3 or LNCaP cells after down-regulation are shown in (A) and (B) for PC-3 cells, (C) and
(D) for LNCaP cells, respectively. (E) Wound-healing assay for the migration of the prostate cancer cells. Cells were seeded
and attached. After the wound was made by mechanical scratching, cells were washed with PBS and supplied with media
without FBS. The scale bar indicates a length of 200 um. (F) Transwell invasion assay. The upper chamber was pre-coated
with Matrigel. The same number of cells were seeded in FBS-free media. The lower chamber contains media with 20% FBS.
The scale bar indicates the length of 50 pm. The data are presented as mean =+ standard deviation. *p < 0.05, **p <0.01,

*xkp < 0,001
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Figure 4. OA stimulates while EPA impedes the migration and invasion of prostate cancer cells. (A) Wound-healing assay
for the migration of prostate cancer cells. Cells were seeded and attached. After the wound was made by mechanical scratch-
ing, ethanol, OA (100 uM) or EPA (100 uM) were added. The scale bar indicates a length of 200 um. (B) Transwell invasion
assay. Cells were pre-treated with ethanol, OA (100 uM) or EPA (100 uM) for 24h and harvested. The same number of cells

were seeded in the upper chamber pre-coated with Matrigel. The scale bar indicates a length of 50 um. The data are present-
ed as mean =+ standard deviation. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 5. Immunofluorescence assay of F-actin with PFN1 or FLNA after treatment. The co-localization of F-actin with PFN1
(A & C) or FLNA (B & D) in PC-3 cells and LNCaP cells, respectively. The scale bar indicates the length of 10 pm. The bar

chart indicates the percentage of PFN1 or FLNA localized to lamellipodia (PC-3) or filopodia (LNCaP). Three views for PC-3
cells and five for LNCaP were evaluated (please see supplementary figures). The data are presented as mean =+ standard devia-
tion. *p <0.05, **p < 0.01, ***p < 0.001, ns = not significant.
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Figure S3. Acetylation of FLNA in LNCaP cells.
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Figure S4 Uncropped western blot images of Figure 2C
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Figure S5 Uncropped western blot images of Figure 2D
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Table.S1 instrument settings for validation study

Parameters Settings
General:
Runtime 56 min
Polarity Positive
Default charge state 3
Full MS:
Resolution 70,000
AGC target 3e6
Maximum IT 100 ms
Scan range 400-1600 m/z
dd-MS?/dd-SIM:
Resolution 17,500
AGC target le5
Maximum IT 50 ms
Loop count 35
Isolation window 1.6 m/z
Fixed first mass 110.0 m/z
(N)CE / stepped (N)CE nce: 28
Spectrum data type Centroid
dd settings:
Minimum AGC target 8.00e3
Intensity threshold 1.6e5
Exclude isotopes on
Dynamic exclusion 45.0s
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Table.S2 siRNAs for downregulation of candidates

Target

siRNAs

Sense

Anti-sense

PFN1-1
PFNI1-2
FLNA-1
FLNA-2

CCGGGUGGAACGCCUACAUTT
GAAGGUGUCCACGGUGGUUTT
GCACUUACAGCUGCUCCUATT
GCUGGCAGCUACACCAUUATT

AUGUAGGCGUUCCACCCGGTT
AACCACCGUGGACACCUUCTT
UAGGAGCAGCUGUAAGUGCTT
UAAUGGUGUAGCUGCCAGCTT

S-17



Table S3 Gene ontology enrichment of identified candidates

ONTOLOGY ID D GeneRatio BgRatio __pvalue p.adjust qualue genelD

BP G0:0051054 positive regulation of DNA metabolic process 6/41 198/18862 4.11E-06 0.002421827 0.001630012 HNRNPA1/MYC/RPS3/PTGES3/HNRNPA2B1/H2AX
BP G0:0022613 ribonucleoprotein complex biogenesis 8/41 473/18862 6.80E-06 0.002421827 0.001630012 WBP11/NOLC1/ABCE1/RPL7A/NPM1/PDCD11/PTGES3/NUDT21
BP G0:0006913 nucleocytoplasmic transport 7/81 340/18862 7.72€-06 0.002421827 0.001630012 HNRNPA1/NOLC1/ABCE1/NPM1/FLNA/CBLB/HNRNPA2B1
BP G0:0051169 nuclear transport 7/81 343/18862 8.17E-06 0.002421827 0.001630012 HNRNPA1/NOLC1/ABCE1/NPM1/FLNA/CBLB/HNRNPA2B1
BP G0:0051052 regulation of DNA metabolic process 7/81 353/18862 9.85E-06 0.002421827 0.001630012 HNRNPA1/MYC/NPM1/RPS3/PTGES3/HNRNPA2B1/H2AX
BP GO0:0006625 protein targeting to peroxisome 4/41 68/18862 1.41E-05 0.002421827 0.001630012 HSD17B4/SCP2/AGPS/GSTK1

BP G0:0072662 protein localization to peroxisome 4/41 68/18862 1.41E-05 0.002421827 0.001630012 HSD17B4/SCP2/AGPS/GSTK1

BP G0:0072663 of protein ization to 4/41 68/18862 1.41E-05 0.002421827 0.001630012 HSD17B4/SCP2/AGPS/GSTK1

BP G0:0032069 regulation of nuclease activity 3/41 22/18862 1.43E-05 0.002421827 0.001630012 ABCE1/NPM1/RPS3

BP G0:0043574 peroxisomal transport 4/41 72/18862 1.78E-05  0.00271377 0.001826504 HSD17B4/SCP2/AGPS/GSTK1

BP G0:2001242 regulation of intrinsic apoptotic signaling pathway 5/41 160/18862 2.42€-05 0.003355551 0.002258455 VDAC2/ENO1/RACK1/RPS3/PPIF

B8P G0:0006417 regulation of translation 7/81 425/18862 3.256-05 0.003842155 0.002585964 NOLC1/GAPDH/NPM1/SRP9/RACK1/EIFSA2/RPS3
BP G0:0007031 peroxisome organization 4/41 84/18862 3.27€-05 0.003842155 0.002585964 HSD17B4/SCP2/AGPS/GSTK1

BP GO:0006605 protein targeting 7/81 441/18862 4.12E-05 0.004492832 0.003023902 HSD17B4/RPL7A/SRP9/SCP2/AGPS/RPS3/GSTK1
BP G0:0042254 ribosome biogenesis 6/41 307/18862 4.93E-05  0.00501977 0.003378558 WBP11/NOLC1/ABCE1/RPL7A/NPM1/PDCD11
BP G0:0030224 monocyte differentiation 3/41 36/18862 6.48E-05 0.005670773 0.003816716 MYC/FASN/VEGFA

BP G0:0050657 nucleic acid transport 5/41 198/18862 6.68E-05 0.005670773 0.003816716 HNRNPA1/ABCE1/NPM1/EIF5A2/HNRNPA2B1
BP G0:0050658 RNA transport 5/41 198/18862 6.68E-05 0.005670773 0.003816716 HNRNPA1/ABCE1/NPM1/EIFSA2/HNRNPA2B1
BP G0:0051236 establishment of RNA localization 5/41 201/18862 7.17E-05 0.005768652 0.003882594 HNRNPA1/ABCE1/NPM1/EIF5A2/HNRNPA2B1
BP G0:0034248 regulation of cellular amide metabolic process 7/81 494/18862 8.42E-05 0.00613616 0.004129945 NOLC1/GAPDH/NPM1/SRP9/RACK1/EIFSA2/RPS3
BP G0:2000278 regulation of DNA biosynthetic process 4/41 107/18862 8.43E-05 0.00613616 0.004129945 HNRNPA1/MYC/PTGES3/HNRNPA2B1

BP G0:0051972 regulation of telomerase activity 3/41 47/18862  0.000144633 0.009738275  0.00655435 MYC/PTGES3/HNRNPA2B1

BP G0:0006403 RNA localization 5/41 234/18862 0.000146584 0.009738275  0.00655435 HNRNPA1/ABCE1/NPM1/EIFSA2/HNRNPA2B1
BP G0:0008611 ether lipid biosynthetic process 2/41 10/18862 0.00020517 0.011504209 0.007742913 FASN/AGPS

BP G0:0032070 regulation of deoxyribonuclease activity 2/41 10/18862 0.00020517 0.011504209 0.007742913 NPM1/RPS3

BP G0:0046504 glycerol ether biosynthetic process 2/41 10/18862 0.00020517 0.011504209 0.007742913 FASN/AGPS

BP G0:0097384 cellular lipid biosynthetic process 2/41 10/18862 0.00020517 0.011504209 0.007742913 FASN/AGPS

BP G0:0015931 nucleobase-containing compound transport 5/41 253/18862  0.00021081 0.011504209 0.007742913 HNRNPA1/ABCE1/NPM1/EIFSA2/HNRNPA2B1
BP G0:0009150 purine ribonucleotide metabolic process 6/41 408/18862  0.000233877  0.01199205 0.008071254 HSD17B4/GAPDH/ADSL/ENO1/FASN/IMPDH2
BP GO:0060009 Sertoli cell development 2/41 11/18862  0.000250418  0.01199205 0.008071254 HSD17B4/FLNA

BP G0:1901503 ether biosynthetic process 2/41 11/18862 0.000250418  0.01199205 0.008071254 FASN/AGPS

BP G0:0006405 RNA export from nucleus 4/41 142/18862 0.000251142  0.01199205 0.008071254 HNRNPA1/ABCE1/NPM1/HNRNPA2B1

BP G0:0009259 ribonucleotide metabolic process 6/41 425/18862 0.000291206 0.013252878 0.008919855 HSD17B4/GAPDH/ADSL/ENO1/FASN/IMPDH2
BP G0:0052548 regulation of endopeptidase activity 6/41 426/18862  0.000294894 0.013252878 0.008919855 GAPDH/PSMA3/MYC/VEGFA/RACK1/RPS3

BP G0:0019693 ribose phosphate metabolic process 6/41 435/18862 0.000329771 0.014265497 0.009601399 HSD17B4/GAPDH/ADSL/ENO1/FASN/IMPDH2
BP G0:0097193 intrinsic apoptotic signaling pathway 5/41 283/18862  0.000353454 0.014265497 0.009601399 VDAC2/ENO1/RACK1/RPS3/PPIF

BP G0:0036109 alpha-linolenic acid metabolic process 2/41 13/18862 0.00035416 0.014265497 0.009601399 HSD17B4/SCP2

BP G0:0006163 purine nucleotide metabolic process 6/41 441/18862  0.00035477 0.014265497 0.009601399 HSD17B4/GAPDH/ADSL/ENO1/FASN/IMPDH2
BP G0:2000573 positive regulation of DNA biosynthetic process 3/41 65/18862  0.000379183 0.014733737 0.009916548 HNRNPA1/MYC/PTGES3

BP G0:0000723 telomere maintenance 4/41 161/18862 0.000404905 0.014733737 0.009916548 HNRNPA1/MYC/PTGES3/HNRNPA2B1

BP G0:0000054 ribosomal subunit export from nucleus 2/41 14/18862  0.000412618 0.014733737 0.009916548 ABCE1/NPM1

BP G0:0033750 ribosome localization 2/41 14/18862 0.000412618 0.014733737 0.009916548 ABCE1/NPM1

BP G0:0052547 regulation of peptidase activity 6/41 455/18862  0.000418908 0.014733737 0.009916548 GAPDH/PSMA3/MYC/VEGFA/RACK1/RPS3

BP G0:0051170 import into nucleus 4/41 163/18862 0.00042427 0.014733737 0.009916548 HNRNPA1/NOLC1/FLNA/CBLB

BP G0:0072521 purine-containing compound metabolic process 6/41 460/18862  0.000443896 0.015072738 0.010144713 HSD17B4/GAPDH/ADSL/ENO1/FASN/IMPDH2
BP G0:0033540 fatty acid beta-oxidation using acyl-CoA oxidase 2/41 15/18862 0.000475443 0.015134931 0.010186572 HSD17B4/SCP2

BP G0:0060008 Sertoli cell differentiation 2/41 15/18862  0.000475443 0.015134931 0.010186572 HSD17B4/FLNA

BP G0:0071428 rRNA-containing ribonucleoprotein complex export from nucleus 2/41 15/18862 0.000475443 0.015134931 0.010186572 ABCE1/NPM1

BP G0:0032200 telomere organization 4/41 174/18862  0.000542799 0.016926464 0.011392364 HNRNPA1/MYC/PTGES3/HNRNPA2B1

BP G0:0009152 purine ribonucleotide biosynthetic process 4/41 175/18862 0.000554628  0.01694942 0.011407814 ADSL/ENO1/FASN/IMPDH2

BP G0:0032204 regulation of telomere maintenance 3/41 79/18862  0.000672156 0.020103097 0.013530398 HNRNPA1/MYC/HNRNPA2B1

BP G0:0071243 cellular response to arsenic-containing substance 2/41 18/18862 0.000689932 0.020103097 0.013530398 HNRNPA1/PPIF

BP G0:0010833 telomere maintenance via telomere lengthening 3/41 80/18862  0.000697293 0.020103097 0.013530398 HNRNPA1/PTGES3/HNRNPA2B1

BP G0:0009260 ril i ic process 4/a1 188/18862 0.000725593 0.020531598 0.013818801 ADSL/ENO1/FASN/IMPDH2

BP G0:1903311 regulation of MRNA metabolic process 5/41 334/18862 0.000750364 0.020642476 0.013893427 HNRNPA1/PSMA3/NPM1/HNRNPA2B1/NUDT21
BP G0:0050821 protein stabilization 4/41 191/18862  0.000769801 0.020642476 0.013893427 GAPDH/PFN1/FLNA/PTGES3

BP G0:0046485 ether lipid metabolic process 2/41 19/18862 0.00077004 0.020642476 0.013893427 FASN/AGPS

BP G0:0006413 translational initiation 4/41 193/18862  0.000800311 0.021084066 0.014190639 ABCE1/RPL7A/NPM1/RPS3

BP GO:0071897 DNA biosynthetic process 4/41 194/18862 0.000815883 0.021129996 0.014221553 HNRNPA1/MYC/PTGES3/HNRNPA2B1

BP G0:0046390 ribose phosphate biosynthetic process 4/41 195/18862  0.000831669 0.021179826 0.014255091 ADSL/ENO1/FASN/IMPDH2

BP G0:0006448 regulation of translational elongation 2/41 20/18862  0.000854423 0.021290591 0.014329641 SRPI/EIFSA2

BP G0:0006164 purine nucleotide biosynthetic process 4/41 197/18862  0.000863885 0.021290591 0.014329641 ADSL/ENO1/FASN/IMPDH2

BP G0:2001233 regulation of apoptotic signaling pathway 5/41 348/18862  0.000902184 0.021507482  0.01447562 VDAC2/ENO1/RACK1/RPS3/PPIF

BP G0:0051168 nuclear export 4/41 201/18862 0.000930949 0.021507482  0.01447562 HNRNPA1/ABCE1/NPM1/HNRNPA2B1

BP G0:0002053 positive ion of cell p 2/41 21/18862 0.000943064 0.021507482  0.01447562 MYC/VEGFA

BP G0:0006662 glycerol ether metabolic process 2/41 21/18862  0.000943064 0.021507482  0.01447562 FASN/AGPS

BP G0:0009168 purine ril i ic process 2/41 21/18862 0.000943064 0.021507482  0.01447562 ADSL/IMPDH2

BP G0:0070301 cellular response to hydrogen peroxide 3/41 90/18862  0.000982163 0.021948235 0.014772269 RACK1/RPS3/PPIF

BP G0:0043281 of cystei yp activity involved in apoptotic process 4/41 205/18862 0.001001608 0.021948235 0.014772269 MYC/VEGFA/RACK1/RPS3

BP G0:0017148 negative regulation of translation 4/41 206/18862 0.001019846 0.021948235 0.014772269 GAPDH/SRP9/RACK1/RPS3

BP G0:0071456 cellular response to hypoxia 4/a1 206/18862 0.001019846 0.021948235 0.014772269 PSMA3/MYC/ENO1/VEGFA

BP G0:0002064 epithelial cell development 4/41 207/18862 0.001038317 0.022035401 0.014830936 HSD17B4/FASN/VEGFA/FLNA

B8P G0:0072522 purine-containing compound biosynthetic process a/m 208/18862 0.001057023 0.022125087 0.014891299 ADSL/ENO1/FASN/IMPDH2

BP G0:0009127 purine i ic process 2/41 23/18862  0.001133045 0.023091178 0.015541527 ADSL/IMPDH2

BP G0:0045862 positive regulation of proteolysis 5/41 367/18862 0.001143567 0.023091178 0.015541527 MYC/ENO1/RACK1/SUMO2/RPS3

BP G0:2001243 negative regulation of intrinsic apoptotic signaling pathway 3/41 95/18862  0.001148514 0.023091178 0.015541527 VDAC2/ENO1/PPIF

BP G0:0036294 cellular response to decreased oxygen levels a/a1 214/18862 0.001174273  0.02330246  0.01568373 PSMA3/MYC/ENO1/VEGFA

BP G0:0072330 monocarboxylic acid biosynthetic process 4/41 224/18862 0.001389537 0.027220665  0.01832088 HSD17B4/FASN/SCP2/PTGES3

BP G0:0010464 ion of cell i 2/41 26/18862  0.001449499 0.027456713 0.018479753 MYC/VEGFA

BP G0:0018904 ether metabolic process 2/41 26/18862  0.001449499 0.027456713 0.018479753 FASN/AGPS

BP GO0:0006364 rRNA processing 4/41 228/18862 0.001482893 0.027456713 0.018479753 WBP11/NOLC1/RPL7A/PDCD11

BP G0:2000116 regulation of cysteine-type endopeptidase activity 4/41 230/18862 0.001531177 0.027456713 0.018479753 MYC/VEGFA/RACK1/RPS3

BP GO0:0006614 SRP-dependent cotranslational protein targeting to membrane 3/41 105/18862 0.00153226 0.027456713 0.018479753 RPL7A/SRP9/RPS3

BP G0:0071453 cellular response to oxygen levels 4/41 231/18862 0.001555727 0.027456713 0.018479753 PSMA3/MYC/ENO1/VEGFA

BP GO0:0006735 NADH regeneration 2/41 27/18862  0.001563308 0.027456713 0.018479753 GAPDH/ENO1

BP G0:0061621 canonical glycolysis 2/41 27/18862 0.001563308 0.027456713 0.018479753 GAPDH/ENO1

BP G0:0061718 glucose catabolic process to pyruvate 2/41 27/18862  0.001563308 0.027456713 0.018479753 GAPDH/ENO1

BP G0:2001022 positive regulation of response to DNA damage stimulus 3/41 107/18862 0.001617507 0.028002276 0.018846944 MYC/RPS3/H2AX

BP G0:0034249 negative regulation of cellular amide metabolic process 4/41 234/18862 0.001631023 0.028002276 0.018846944 GAPDH/SRP9/RACK1/RPS3

BP GO0:0034470 ncRNA processing 5/41 400/18862  0.001672762 0.028230201 0.019000349 WBP11/NOLC1/RPL7A/PDCD11/HNRNPA2B1
BP G0:0061620 glycolytic process through glucose-6-phosphate 2/41 28/18862  0.001681249 0.028230201 0.019000349 GAPDH/ENO1

BP G0:0016072 rRNA metabolic process 4/41 238/18862 0.001735324 0.028766877 0.019361559 WBP11/NOLC1/RPL7A/PDCD11

BP G0:0006613 cotranslational protein targeting to membrane 3/41 110/18862 0.001750864 0.028766877 O. RPL7A/SRP9/RP

BP G0:0061615 glycolytic process through fructose-6-phosphate 2/m1 29/18862  0.001803305  0.0293133 0.019729329 GAPDH/ENO1

BP G0:0046685 response to arsenic-containing substance 2/41 30/18862 0.001929459 0.030234182 0.020349129 HNRNPA1/PPIF

BP GO0:0061099 negative regulation of protein tyrosine kinase activity 2/41 30/18862  0.001929459 0.030234182 0.020349129 RACK1/CBLB

BP G0:0090183 regulation of kidney development 2/41 30/18862  0.001929459 0.030234182 0.020349129 MYC/VEGFA

BP G0:0051225 spindle assembly 3/41 114/18862  0.001939103 0.030234182 0.020349129 SMC3/FLNA/RPS3

BP G0:0033559 unsaturated fatty acid metabolic process 3/41 115/18862 0.001988055 0.030684327 0.020652099 HSD17B4/SCP2/PTGES3

BP G0:0120254 olefinic compound metabolic process 3/41 119/18862  0.002191559 0.033270361 0.022392631 HSD17B4/SCP2/PTGES3

BP G0:0031334 positive regulation of protein-containing complex assembly 4/41 254/18862 0.002199153 0.033270361 0.022392631 PFN1/VEGFA/RACK1/RPS3

BP G0:0001676 long-chain fatty acid metabolic process 3/41 120/18862  0.002244381 0.033295276 0.0224094 HSD17B4/SCP2/PTGES3

BP GO0:0045047 protein targeting to ER 3/41 120/18862  0.002244381 0.033295276 0.0224094 RPL7A/SRP9/RPS3

BP G0:0051973 positive regulation of telomerase activity 2/41 33/18862  0.002332329 0.034267291 0.023063615 MYC/PTGES3

BP G0:0072599 of protein ization to ic reticulum 3/41 124/18862  0.00246357 0.035672993 0.024009723 RPL7A/SRP9/RPS3

BP G0:0009156 ic process 2/41 34/18862  0.002474697 0.035672993 0.024009723 ADSL/IMPDH2

BP G0:0045814 negative reg of gene i 3/41 125/18862  0.002520363 0.035780843 0.024082311 RBBP7/H2AZ1/H2AX

BP G0:0009165 nucleotide biosynthetic process 4/41 264/18862 0.002529012 0.035780843 0.024082311 ADSL/ENO1/FASN/IMPDH2

BP G0:1901293 nucleoside phosphate biosynthetic process 4/41 267/18862 0.002634264 0.036928034 0.024854429 ADSL/ENO1/FASN/IMPDH2

BP G0:0043254 regulation of protein-containing complex assembly 5/41 446/18862 0.002686537 0.037318436 0.025117189 VDAC2/PFN1/VEGFA/RACK1/RPS3

BP G0:0006007 glucose catabolic process 2/41 36/18862 0.002771448 0.037810469 0.025448352 GAPDH/ENO1

BP G0:1904358 positive of telomere via telomere 2/41 36/18862  0.002771448 0.037810469 0.025448352 HNRNPA1/HNRNPA2B1

BP G0:0071426 ribonucleoprotein complex export from nucleus 3/41 130/18862  0.002816505 0.038085124 0.025633209 ABCE1/NPM1/HNRNPA2B1

BP G0:0033044 ion of izati 4/41 273/18862 0.002853751 0.038242445 0.025739094 HNRNPA1/MYC/VEGFA/HNRNPA2B1

BP G0:0071166 ribonucleoprotein complex localization 3/41 131/18862 0.002878194 0.038242445 0.025739094 ABCE1/NPM1/HNRNPA2B1

BP G0:0030879 mammary gland development 3/41 132/18862 0.002940714 0.038736298 0.026071482 NCOR2/FASN/VEGFA

BP G0:0006414 translational elongation 3/41 134/18862 0.003068255 0.039567426 0.026630873 SRP9/RACK1/EIF5A2
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0.076767736
0.077027614
0.078488264
0.078488264
0.078488264
0.078488264
0.078488264
0.078488264
0.078488264
0.078488264
0.080421951
0.080421951
0.080421951
0.080421951
0.080421951
0.080421951
0.081792042
0.082198832
0.082198832
0.082483529

0.026630873
0.026630873
0.026630873
0.026630873
0.026684368
0.027123005
0.027853266
0.027853266
0.027853266
0.029833902
0.029972164
0.029972164
0.029972164
0.029972164
0.029972164
0.029972164
0.029972164
0.029972164
0.030914652
0.032210441
0.032337692
0.032337692
0.032990525
0.034165511
0.035351398
0.035634927
0.037396622
0.037396622
0.037396622
0.037661942
0.037661942
0.037672009
0.037672009
0.038610429
0.038610429
0.03929408
0.03929408
0.03929408
0.039963486
0.040230421
0.041151817
0.041151817
0.041151817
0.041151817
0.041151817
0.041151817
0.041151817
0.041151817
0.041732015
0.042009402
0.042212573
0.042212573
0.042212573
0.042212573
0.042212573
0.042212573
0.042212573
0.042212573
0.042212573
0.042212573
0.042212573
0.042809583
0.042809583
0.042809583
0.0428097
0.044624908
0.044624908
0.044624908
0.044768929
0.045172544
0.04663576
0.04663576
0.047199342
0.047207843
0.047207843
0.048007219
0.048007219
0.048203088
0.048203088
0.048203088
0.048203088
0.048203088
0.048203088
0.048535233
0.048535233
0.048535233
0.048535233
0.048537919
0.048537919
0.048537919
0.048537919
0.048537919
0.048758086
0.049460067
0.050310534
0.050310534
0.050414909
0.051196587
0.051249639
0.051668558
0.051843469
0.05282656
0.05282656
0.05282656
0.05282656
0.05282656
0.05282656
0.05282656
0.05282656
0.054128028
0.054128028
0.054128028
0.054128028
0.054128028
0.054128028
0.055050169
0.055323959
0.055323959
0.055515575

HSD17B4/SCP2

MYC/VEGFA
RACK1/RPS3/PPIF
MYC/RACK1/RPS3
RBBP7/MYC/NPM1/H2AX
HNRNPA1/MYC/VEGFA/PTGES3/HNRNPA2B1
HNRNPA1/HNRNPA2B1/NUDT21
ADSL/IMPDH2

RPS3/CBLB
NOLC1/FLNA/CBLB
HSD17B4/FASN
GAPDH/PFN1/FLNA/PTGES3
RBBP7/NPM1/H2AX
GAPDH/ENO1

ADSL/IMPDH2

ADSL/IMPDH2

RBBP7/NPM1

RBBP7/NPM1
WBP11/NOLC1/RPL7A/PDCD11/HNRNPA2B1
MYC/RACK1/RPS3
HNRNPA1/EIF5A2/HNRNPA2B1
RPL7A/SRP9/RPS3
NCOR2/VEGFA

RBBP7/NPM1

FASN/VEGFA
RACK1/RPS3/PPIF
HSD17B4/SCP2

VEGFA/FLNA
NPM1/RACK1/EIF5A2
HNRNPAL/VEGFA/HNRNPA2B1
HSD17B4/FASN/SCP2/PTGES3
GAPDH/ENO1
HNRNPA1/HNRNPA2B1
MYC/VEGFA
NCOR2/HNRNPA2B1
HSD17B4/FASN/SCP2/PTGES3
RBBP7/NPM1

MYC/H2AX
MYC/VEGFA/RACK1
RBBP7/NPM1
PFN1/PSMA3/VEGFA
ADSL/IMPDH2

GAPDH/ENO1
NCOR2/HNRNPA2B1
RBBP7/NPM1

NOLC1/FLNA
NCOR2/HNRNPA2B1
HNRNPA1/PFN1/NPM1/PPIF
PSMA3/MYC/ENO1/VEGFA
VEGFA/CBLB
RBBP7/NPM1/HNRNPA2B1/H2AX
RBBP7/NPM1

RACK1/CBLB

MYC/VEGFA
RPL7A/SRP9/RACK1/RPS3
SMC3/FLNA/RPS3
MYC/RACK1/RPS3
MYC/VEGFA

NOLC1/FLNA
ABCE1/NPM1/HNRNPA2B1
RBBP7/NPM1/H2AX
RBBP7/ENO1/RACK1
HNRNPA1/HNRNPA2B1
RACK1/RPS3
PSMA3/MYC/ENO1/VEGFA
PEN1/FLNA

GAPDH/ENO1

VDAC2/PPIF
HSD17B4/FASN/SCP2
MYC/NPM1/H2AX
VDAC2/PPIF
NOLC1/FLNA/CBLB
RPL7A/PSMA3/NPM1/RPS3
SMC3/FLNA
RBBP7/NPM1/H2AX
FASN/VEGFA

RPS3/CBLB

MYC/RACKL/RPS3
ENO1/IMPDH2

MYC/VEGFA
HNRNPAL/WBP11/HNRNPA2B1/NUDT21
HNRNPA1/WBP11/HNRNPA2B1/NUDT21
FLNA/RACK1/SUMO2/CBLB
PSMA3/MYC/ENO1/VEGFA
HNRNPA1/PTGES3
ENO1/IMPDH2
HNRNPA1/WBP11/HNRNPA2B1/NUDT21
PFN1/FLNA/RPS3
MYC/FASN/VEGFA
PSMA3/RPS3/CBLB
MYC/VEGFA

VDAC2/PPIF
RBBP7/H2AZ1/H2AX
HSD17B4/FASN/SCP2/PTGES3
MYC/VEGFA

MYC/VEGFA
RBBP7/MYC/NPM1
RPL7A/NPM1
RPL7A/SRP9/RPS3
HSD17B4/VEGFA/FLNA
ENO1/IMPDH2

RPS3/H2AX
RBBP7/ENO1/VEGFA/RACKL
NPM21/RACK1/PPIF/CBLB
HNRNPA1/PTGES3
HSD17B4/SCP2
ADSL/IMPDH2

VDAC2/PPIF
HSD17B4/VEGFA/FLNA
PFN1/FLNA/RPS3
H2AZ1/H2AX

PSMA3/VEGFA
RBBP7/NPM1/H2AX
MYC/RPS3/H2AX
RPL7A/PSMA3/NPM1/RPS3
VDAC2/PFN1
RACK1/RPS3/PPIF
VDAC2/ENO1/PPIF
VDAC2/PFN1/RPS3
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G0:0045732
G0:0009205
G0:0043161
G0:0043462
G0:1901568
G0:2000177
G0:0044282
G0:0009142
G0:0062012
G0:0001657
G0:0007589
G0:0009144
G0:0006323
G0:0009199
G0:0072163
G0:0072164
G0:0065004
G0:0051090
G0:0006094
G0:0032436
G0:0034644
G0:0060993
G0:0072080
G0:0006469
G0:0043044
G0:1901532
G0:0045926
G0:0061326
G0:0090559
G0:0001823
G0:0019319
G0:0051346
G0:0048863
G0:1901617
G0:0006476
G0:0061097
G0:0005782
G0:0031907
G0:0005777
G0:0042579
G0:0005778
G0:0031903
G0:0046930
G0:0016363
G0:0005925
G0:0030055
G0:0034399
G0:0005759
G0:0000781
G0:0098687
G0:0044391
G0:0005681
G0:0005844
G0:0032993
G0:0015935
G0:0017053
G0:0000118
G0:0015030
G0:0005840
G0:0071013
G0:0000794
G0:0043021
G0:0016835
G0:0016829
G0:0045296
G0:0001046
G0:0098505
G0:0043047
G0:0016836
G0:0098847
G0:0043024
G0:0033218
G0:0003697
G0:0016616
G0:0035198
G0:0042162
G0:0016614
G0:0044390
G0:0051879
G0:0001784
G0:0061980
G0:0016853
G0:0015485
G0:0046982
G0:0005080
G0:0045309
G0:0016765
G0:0043022
G0:0036002
G0:0032934
G0:0003684
G0:0004860
G0:0004857
G0:0030971
G0:0019210
G0:0033613

positive regulation of protein catabolic process
purine ribonucleoside triphosphate metabolic process
pi diated ubiquitis protein catabolic process
regulation of ATPase activity
fatty acid derivative metabolic process
regulation of neural precursor cell proliferation
small molecule catabolic process
nucleoside triphosphate biosynthetic process
regulation of small molecule metabolic process
ureteric bud development
body fluid secretion
purine nucleoside triphosphate metabolic process
DNA packaging
ribonucleoside triphosphate metabolic process
mesonephric epithelium development
mesonephric tubule development
protein-DNA complex assembly
regulation of DNA-binding transcription factor activity
gluconeogenesis
positive of p biquiti
cellular response to UV
kidney morphogenesis
nephron tubule development
negative regulation of protein kinase activity
ATP-dependent chromatin remodeling

ion of ietic progenitor cell dif
negative regulation of growth
renal tubule development
regulation of membrane permeability
mesonephros development
hexose biosynthetic process
negative regulation of hydrolase activity
stem cell differentiation
organic hydroxy compound biosynthetic process
protein deacetylation
regulation of protein tyrosine kinase activity
peroxisomal matrix
microbody lumen
peroxisome
microbody
peroxisomal membrane
microbody membrane
pore complex
nuclear matrix
focal adhesion
cell-substrate junction
nuclear periphery
mitochondrial matrix
chromosome, telomeric region
chromosomal region
ribosomal subunit
spliceosomal complex
polysome
protein-DNA complex
small ribosomal subunit
transcription repressor complex
histone deacetylase complex
Cajal body
ribosome
catalytic step 2 spliceosome
condensed nuclear chromosome
ribonucleoprotein complex binding
carbon-oxygen lyase activity
lyase activity
cadherin binding
core promoter sequence-specific DNA binding
G-rich strand telomeric DNA binding
single-stranded telomeric DNA binding
hydro-lyase activity
sequence-specific single stranded DNA binding
ribosomal small subunit binding
amide binding
single-stranded DNA binding

oxidoreductase activity, acting on the CH-OH group of donors, NAD or NADP as acceptor

miRNA binding
telomeric DNA binding

oxidoreductase activity, acting on CH-OH group of donors
ubiquitin-like protein conjugating enzyme binding

Hsp90 protein binding

phosphotyrosine residue binding

regulatory RNA binding

isomerase activity

cholesterol binding

protein heterodimerization activity

protein kinase C binding

protein phosphorylated amino acid binding

transferase activity, transferring alkyl or aryl (other than methyl) groups
ribosome binding

pre-mRNA binding

sterol binding

damaged DNA binding

protein kinase inhibitor activity

enzyme inhibitor activity

receptor tyrosine kinase binding

kinase inhibitor activity

activating transcription factor binding

protein catabolic process

3/a1
2/81
4/a1
2/a1
2/81
2/a1
4/a1
2/a1
4/a1
2/a1
2/81
2/a1
3/41
2/a1
2/81
2/a1
3/41
4/a1
2/81
2/a1
2/81
2/a1
2/81
3/a1
2/a1
2/81
3/a1
2/81
2/a1
2/81
2/a1

2/a1
5/41
3/a1
3/41
2/a1
2/81
3/a1
2/81
2/a1
2/a1
2/a1
3/41
2/a1
4/41
2/81
2/a1
2/81
2/a1
2/81
2/a1
2/a1
2/a1
4/a1
2/a1
2/81
2/a1

225/18862
80/18862
425/18862
81/18862
82/18862
82/18862
431/18862
84/18862
437/18862
86/18862
86/18862
86/18862
240/18862
87/18862
87/18862
87/18862
241/18862
444/18862
88/18862
88/18862
88/18862
88/18862
88/18862
243/18862
89/18862
89/18862
245/18862
90/18862
90/18862
91/18862
91/18862
456/18862
251/18862
251/18862
94/18862
94/18862
51/19520
51/19520
136/19520
136/19520
61/19520
61/19520
23/19520
109/19520
416/19520
423/19520
128/19520
476/19520
161/19520
345/19520
187/19520
191/19520
68/19520
208/19520
74/19520
74/19520
77/19520
78/19520
243/19520
87/19520
88/19520
134/18337
79/18337
194/18337
332/18337
40/18337
10/18337
12/18337
64/18337
15/18337
17/18337
391/18337
116/18337
120/18337
33/18337
36/18337
130/18337
39/18337
41/18337
44/18337
45/18337
157/18337
50/18337
324/18337
54/18337
56/18337
57/18337
57/18337
59/18337
60/18337
66/18337
69/18337
385/18337
72/18337
73/18337
78/18337

0.012793584
0.013088491
0.01333651
0.013401541
0.013717845
0.013717845
0.013977773
0.01436016
0.014638467
0.015015316
0.015015316
0.015015316
0.015196251
0.015347673
0.015347673
0.015347673
0.015364903
0.015434095
0.015683196
0.015683196
0.015683196
0.015683196
0.015683196
0.015705401
0.016021871
0.016021871
0.016050161
0.016363682
0.016363682
0.016708616
0.016708616
0.016861018
0.017110081
0.017110081
0.017762008
0.017762008
3.90E-06
3.90E-06
9.34€-06
9.34€-06
0.000284425
0.000284425
0.001058975
0.001547218
0.001710339
0.001840022
0.002447517
0.003068817
0.004665715
0.005801403
0.00705946
0.007481422
0.008982835
0.009440108
0.010566763
0.010566763
0.011401752
0.011686363
0.014341939
0.014386537
0.014701716
4.96E-07
2.86E-05
6.92E-05
8.87E-05
9.68E-05
0.000217018
0.000317392
0.000393204
0.0005028
0.000649403
0.00171256
0.00220711
0.002430472
0.002464787
0.0029285
0.003048732
0.003429912
0.003784883
0.004348015
0.004543834
0.005171944
0.005582916
0.005791311
0.006485096
0.006959433
0.007202352
0.007202352
0.007699605
0.007953903
0.009558015
0.010409654
0.010503656
0.01129374
0.011595568
0.013157457

0.082483529
0.084030311

0.08526438
0.085323142
0.086615156
0.086615156
0.087893155

0.08992756
0.091296237
0.092299431
0.092299431
0.092299431
0.092299431
0.092299431
0.092299431
0.092299431
0.092299431
0.092299431
0.092299431
0.092299431
0.092299431
0.092299431
0.092299431
0.092299431
0.093249606
0.093249606
0.093249606
0.094353609
0.094353609
0.095620844
0.095620844

0.09613297
0.096830382
0.096830382
0.099780694
0.099780694
0.000315639
0.000315639
0.000378331
0.000378331
0.007679484
0.007679484
0.024507697

0.02980835

0.02980835

0.02980835
0.036045247
0.041429027
0.058141985
0.067130524
0.075749395
0.075749395
0.084960975
0.084960975
0.085590781
0.085590781
0.086054128
0.086054128
0.095267122
0.095267122
0.095267122
0.000118042
0.003406392
0.004606675
0.004606675
0.004606675
0.008608376
0.010791324
0.011697819
0.013296261
0.015455795

0.03705357
0.041901371
0.041901371
0.041901371

0.04534989

0.04534989
0.048018767
0.050044559
0.054071619
0.054071619
0.058615366
0.059927476
0.059927476
0.063487403
0.063487403
0.063487403
0.063487403
0.065276856
0.065276856
0.075826916
0.078120939
0.078120939
0.081168976
0.081168976
0.089470709

0.055515575
0.056556637
0.057387227
0.057426777
0.058296368
0.058296368
0.059156525
0.060525783
0.061446971
0.062122172
0.062122172
0.062122172
0.062122172
0.062122172
0.062122172
0.062122172
0.062122172
0.062122172
0.062122172
0.062122172
0.062122172
0.062122172
0.062122172
0.062122172
0.062761687
0.062761687
0.062761687
0.063504737
0.063504737
0.06435765
0.06435765
0.064702337
0.06517173
0.06517173
0.067157438
0.067157438
0.000213297
0.000213297
0.000255663
0.000255663
0.005189515
0.005189515
0.016561407
0.020143394
0.020143394
0.020143394
0.024358062
0.027996224
0.039290231
0.045364357
0.051188675
0.051188675
0.057413525
0.057413525
0.057839124
0.057839124
0.058152237
0.058152237
0.064378042
0.064378042
0.064378042
8.46E-05
0.00244067
0.003300669
0.003300669
0.003300669
0.006167877
0.007731952
0.008381453
0.009526733
0.011074033
0.026548776
0.030022212
0.030022212
0.030022212
0.032493066
0.032493066
0.034405308
0.035856783
0.03874216
0.03874216
0.041997741
0.042937864
0.042937864
0.045488542
0.045488542
0.045488542
0.045488542
0.04677068
0.04677068
0.054329767
0.055973428
0.055973428
0.058157338
0.058157338
0.064105506

RACK1/SUMO2/CBLB
ENO1/IMPDH2
PSMA3/RACK1/SUMO2/ARMC8
PFN1/PPIF

HSD17B4/FASN

VEGFA/FLNA
HSD17B4/GAPDH/ENO1/SCP2
ENO1/IMPDH2
NCOR2/PSMA3/ENO1/FASN
MYC/VEGFA

NCOR2/VEGFA

ENO1/IMPDH2
RBBP7/NPM1/H2AX
ENO1/IMPDH2

MYC/VEGFA

MYC/VEGFA
RBBP7/NPM1/H2AX
NPM21/VEGFA/FLNA/RPS3
GAPDH/ENO1

RACK1/SUMO2

MYC/NPM1

MYC/VEGFA

MYC/VEGFA
NPM21/RACK1/CBLB
RBBP7/NPM1

PSMA3/NUDT21
RBBP7/ENO1/RACK1
MYC/VEGFA

VDAC2/PPIF

MYC/VEGFA

GAPDH/ENO1
GAPDH/ABCE1/VEGFA/PPIF
NOLC1/PSMA3/NUDT21
HSD17B4/FASN/SCP2
VEGFA/FLNA

RACK1/CBLB
HSD17B4/SCP2/AGPS/GSTKL
HSD1784/SCP2/AGPS/GSTK1
HSD178B4/IMPDH2/SCP2/AGPS/GSTK1
HSD17B4/IMPDH2/SCP2/AGPS/GSTK1
HSD17B4/IMPDH2/AGPS
HSD17B4/IMPDH2/AGPS
VDAC2/PPIF
SMC3/NCOR2/HNRNPA2B1
PFN1/RPL7A/NPM1/FLNA/RPS3
PFN1/RPL7A/NPM1/FLNA/RPS3
SMC3/NCOR2/HNRNPA2B1
VDAC2/ABCE1/RPS3/GSTK1/PPIF
PTGES3/HNRNPA2B1/H2AX
SMC3/PTGES3/HNRNPA2B1/H2AX
RPL7A/RACK1/RPS3
HNRNPA1/WBP11/HNRNPA2B1
RPL7A/RPS3
H2AZ1/NPM1/H2AX
RACK1/RPS3

RBBP7/NCOR2

RBBP7/NCOR2
NOLC1/HNRNPA2B1
RPL7A/RACK1/RPS3
HNRNPA1/HNRNPA2B1
SMC3/H2AX
NOLC1/ABCEL/NPM1/SRP9/RACK1/EIF5A2
HSD17B4/ENO1/FASN/RPS3
HSD17B4/ADSL/ENO1/FASN/RPS3
PFN1/RPL7A/ENO1/FASN/FLNA/RACKL
H2AZ1/MYC/NPM1
HNRNPA1/HNRNPA2B1
HNRNPA1/HNRNPA2B1
HSD17B4/ENO1/FASN
HNRNPA1/HNRNPA2B1
ABCE1/NPM1
NOLC1/VDAC2/FASN/SCP2/PPIF
HNRNPA1/WBP11/HNRNPA2B1
HSD17B4/FASN/IMPDH2
HNRNPA1/HNRNPA2B1
HNRNPA1/HNRNPA2B1
HSD17B4/FASN/IMPDH2
ZMYM2/RPS3

RPS3/PTGES3

PFN1/CBLB
HNRNPAL/HNRNPA2B1
HSD17B4/PPIF/PTGES3
VDAC2/SCP2
SMC3/NOLC1/H2AZ1/H2AX
FLNA/RACK1

PFN1/CBLB

AGPS/GSTKL

RACK1/EIF5A2
HNRNPA1/HNRNPA2B1
VDAC2/SCP2

RPS3/H2AX

NPM1/RACKL
GAPDH/ABCE1/NPM1/RACKL
RACK1/CBLB

NPM1/RACKL

MYC/NPM1
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