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Abstract
THF-diols (9,12-oxy-10,13-dihydroxyoctadecanoic and 10,13-oxy-9,12-dihydroxyoctadecanoic
acids) are endocrine disrupters in rats and mitogens in breast cancer cells. Microarray analyses and
real-time PCR analyses on RNA from THF-treated MCF-7 cells revealed a number of genes
(Caveolin 1, Heat Shock Protein 90α and 90β, vascular endothelial growth factor, ATPase, Ca++
transporting, ubiquitous) in the Nitric Oxide Pathway (NOP) were targets for THF-diols. Chromatin
immunoprecipitation studies suggest THF-diols modify of histone H4 acetylation at the Caveolin 1
promoter via an epigenetic mechanism. These findings are consistent with the well-known
involvement of NOP genes in cell proliferation and sexual behavior.
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Introduction
The corncob bedding commonly used to house rats and mice has an adverse effect on their
reproductive functions [1,2]. Our laboratory extracted and identified a mitogen from corncob,
also detected in commercially available fresh corn and corn tortillas, which blocks adult male
rat sexual behavior (including reduced mounting and intromission frequencies, increased
mount, intromission, and ejaculatory latencies and a diminished ejaculatory response) [3]. The
corn mitogen also reduces adult female rat reproductive behavior (lordosis), disrupts the estrous
cycle and cause causes persistent metestrus [3]. While it is well known that environmentally
derived phytoestrogens also adversely affect reproductive function via ER binding interactions,
the corncob mitogen does not bind to the estrogen receptor, and is capable of stimulating ER
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positive (MCF-7) and ER negative (MDA-MB-231) breast cancer cells [3]. Similarly, the
effects of the corncob mitogen on MCF-7 cells are not blocked by a pure antiestrogen
(ICI-182,780) [3], suggesting its effects are independent of classical estrogen control pathways.

High Pressure Liquid Chromatography (HPLC) purification of the corncob extract showed two
peaks of mitogenic activity. Peak I was identified by gas chromatography-mass spectrometry
(GC-MS) as an isomeric mixture of 9,12-oxy-10,13-dihydroxyoctadecanoic acid and 10,13-
oxy-9,12-dihydroxyoctadecanoic acid (tetrahydrofurandiols, THF-diols). Similar to the
corncob extract, synthetic THF-diol stimulated MCF-7 human breast cancer cell proliferation
in vitro [1], did not bind ER or the nuclear type II [3H]estradiol binding sites and blocked sexual
behavior in male and female rats [4] at a very low dose (~0.30 mg/kg body weight/day). The
second mitogenic HPLC peak of mitogenic activity was subsequently identified as 9,10-
dihydroxy-12-octadecenoic acid (leukotoxin diol; LTX-diol), a well-known leukotoxin [5]. A
synthetic mixture of LTX-diol, and its 12,13-dihydroxy-9-octadecenoic acid isomer (iso-
leukotoxin diol; i-LTXdiol), were separated by HPLC. Both LTX-diol isomers blocked sexual
behavior in female rats at a low dose (~0.80 mg/kg body weight/day). However, unlike the
THF-diols, the LTX-diol isomers did not disrupt male sexual behavior in adult male rats.
Recent studies show that THF-diols and LTX-diols act additively to disrupt endocrine function
at concentrations (0.5 to 1.0 ppm) [6], far lower than those of classical phytoestrogens [7].
While the corncob mitogens are powerful endocrine disruptors, the mechanism through which
these mitogens act has not been elucidated. Recently, our laboratory demonstrated that THF-
diol stimulates phospholipase A2 (PLA2), lipoxygenases (LOX-5 and LOX-12) and
cyclooxygenases (COX-1 and COX-2) in MCF-7 cells [8]. The products of these enzymes
(prostaglandins, hydroxyeicosatetraenoic acids (HETE’s) and hydroxyoctadecenioc acids
(HODE’s)) are well known regulators of cell growth [9-11]. The data presented in this
manuscript suggests that the THF-diols may function by activating the production of nitric
oxide.

Materials and Methods
MCF-7 Cell Growth Conditions

Stock cultures of MCF-7 human breast cancer cells were grown in T-150 flasks as previously
described [12]. For microarray studies, the cells were seeded into T-75 flasks containing 10
mls of phenol red free DMEM media containing 5% charcoal-stripped fetal calf serum (FCS,
Gibco, Carlsbad, CA, USA) and 1% penicillin-streptomycin and allowed to attach for 24 hours.
After a media change, the cells grown for 24 hours in media containing 2 μl of ethanol (controls)
or 8 μg/ml of THF-diol (synthesized in our lab as previously described [3]) in 2 μl of ethanol.
After incubation, 5 million cells from triplicate flasks for each treatment group were harvested
for RNA isolation. Viable, attached cell numbers were monitored by hemocytometer counts
based on trypan blue dye exclusion [13].

RNA and Protein Preparation
Cells from EtOH controls or THF-diol-treated flasks were washed with PBS and collected with
0.25% trypsin-EDTA (4 mls). Following 5 minute incubation, the trypsin was inactivated by
the addition of 10 mls of media containing 10% FCS. Approximately 5.0 × 106 cells from each
flask were centrifuged (2000 rpm × 5 minutes) in RNAse/DNAse free tubes, resuspended in
1 ml of PBS and 4 mls of RNAlater (Qiagen, Valencia, CA, USA) and stored at −20oC. The
frozen cells were thawed on ice, collected by centrifugation and lysed by resuspension in 0.6
mls of RTL buffer (Qiagen) containing β-mercaptoethanol. The lysed cells were homogenized
by centrifugation through a Qiashredder (18,000 × g × 2 minutes). The pass through from the
Qiashredder containing nucleic acids was diluted with an equal amount of 70% EtOH and
loaded onto a RNeasy spin column. The column was washed with RW1 followed by RNase-
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free DNase digestion to remove residual DNA and further washed with RPE buffers according
to the manufacturer’s instructions. Purified total RNA was eluted with 50 μl of RNAse-free
water following 5 minute RT incubation. RNA integrity was verified on an Agilent 2100
Bioanalyzer in the Baylor College of Medicine Microarray Core Laboratory.

Microarray Analyses
RNA from ethanol controls or THF-diol treated MCF-7 cells was subjected to oligo
(deoxythymidine)-Reverse Transcription to generate cDNA, followed by in vitro transcription
and biotin-labeling of to generate cRNA (Enzo Biochem, Farmingdale, NY, USA). The
fragmented, biotin-labeled cRNA was hybridized to Human Genome U133 Plus 2.0
oligonucleotide arrays (Affymetrix, Santa Clara, CA, USA) containing approximately 54,000
probe sets (38,500 genes). Each transcript is represented on the chip as 11 probe pairs and each
pair contained a perfect match and mismatch. Microarrays were stained with strepavidin
antibody and streptavidin-phycoerythrin in an Affymetrix Fluidics station. Arrays were
scanned at 3 μM with a GeneArray scanner (Affymetrix). All experiments were performed in
triplicate with independent pools of cRNA from EtOH controls and THF-diol-treated MCF-7
cells using six separate microarray chips. Following low-level quantification of the scanned
data using GeneChip Operating System (GCOS, version 1.4, Affymetrix), data were further
analyzed with dChip 2006 (Harvard University, Cambridge, MA, USA) to adjust the arrays to
a common baseline and to estimate expression using the PM-only model [14,15]. All 6
Genechips were normalized to the same baseline (in this case, the Genechip with the median
average intensity was ethanol Chip #3) and all were modeled together. Data quality was
reviewed using present call rates from GCOS (average 40.16%, range 39.0% to 41.2%), ratios
of 3′ to 5′ glyceraldehydes 3-phosphate dehydrogenase probe sets from GCOS (average 1.25:
range 1.14 to 1.31) and array outlier rates from dChip (average 0.21%: range 0.0% to 0.80%).
Differentially expressed genes in the THF-diol treated groups relative to ethanol controls were
selected using a two-sample comparison with a lower boundary 90% confidence interval of
fold change greater than 1.2 and a value difference between group means of >50. The medium
number of detected genes in 50 permuted samples was used to estimate the false discovery
rate. Ingenuity Pathway Analysis (Version 5.1, Ingenuity Systems, Redwood City, CA, USA)
identified differentially expressed gene pathways according to canonical pathway.

Real-Time Quantitative Polymerase Chain Reaction (qPCR)
Pre-validated commercially available primers (Qiagen) for the Nitric Oxide Pathway genes
were used. qPCR was performed using the MyiQ SYBR Green Supermix and quantified on
MyiQ Single Color Real-Time PCR Detection System using MyiQ Optical System Software,
version 2.0 (Bio-Rad, Hercules, CA, USA). Validation of each primer pair was accomplished
by generating standard serial dilution and melt curves on cDNA from MCF-7 cells to ensure
that reaction efficiencies of 90–110% and correlation coefficients of >0.995 are obtained. Melt
curves demonstrating a single product with an appropriate melting temperature confirmed that
primer dimerization was not problematic. Results from qPCR on triplicate pools of RNA from
EtOH controls or THF-diol-treated cells were normalized to 18S RNA and analyzed
statistically by Instat (Graphpad Software, Inc, San Diego, CA) with a suitable t-test on the
treatment means. Products of the optimized reactions will be analyzed by agarose gel
electrophoresis to ensure that the size of the amplicon corresponds to the data provided by
Qiagen for each primer pair.

SDS PAGE Analyses
Cells were grown as described above and treated with THF-diol for 2, 4, 8 or 12 days. The
cells lysed with Qiagen RTL buffer and pass through Qiashredders. Proteins from the extract
were collected by precipitation with 4 volumes of ice cold acetone and centrifugation. The
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pellets were dried under nitrogen, re-dissolved in sample extraction buffer (0.05M Tris, pH
7.4, 8M urea, 1% SDS, 0.1% β-mercaptoethanol) containing 0.02% cetyltrimethylammonium
bromide (CTAB; Aldrich, Milwaukee, WI) and diluted 2:1 with sample loading buffer
(0.0625M Tris, pH 6.8, 20% glycerol + bromophenol blue). The solubilized samples were
centrifuged and heated for 3 min at 90oC. The cooled samples were resolved on 4–12%
NuPAGE Bis–Tris gradient gels using MES running buffer (Invitrogen).

Western Blot Analyses
The electrophoresed proteins were transferred to nitrocellulose membrane (Trans- Blot
Transfer Medium, Bio-Rad), washed, and blocked in Tris-buffered saline (1X TBS) with 3.0%
non-fat dried milk. Rinsed membranes were incubated 1–16 hours with primary antibody
(1:200 dilution). Primary antibodies (HSP90α, HSP90β, ATP2A3, CAV1, β-actin) suitable for
Western blots for human nitric oxide genes were purchased from Santa Cruz Biotechnologies
(Santa Cruz, CA, USA) Following a 60 minute incubation with the appropriate species-specific
horse-radish peroxidase-conjugated secondary antibody (Millipore, Billerica, MA, USA),
specific antigens were detected by the Visualizer Western Blot Detection Kit (Millipore) on
X-OMAT Scientific Imaging Film (Eastman Kodak Company, Rochester, New York, USA).
All blots were quantified with UN-SCAN-IT Gel Software (Silk Scientific Software, Orem,
UT, USA). In order for the protein bands to be normalized with β-actin, the nitrocellulose
membrane was stripped with Stripping Buffer II (0.4 M glycine, 0.2% SDS, Tween-20, pH
2.2) according to the manufacturer’s instructions prior to re-probing.

Chromatin Immunoprecipitation Assay
Following treatment of the MCF-7 cells as described above, the monolayers were fixed with
formaldehyde to crosslink protein to DNA. The chromatin was then digested (17.5′) with
Enzymatic Shearing Cocktail (ChIP-IT Kit, Active Motif) to generate DNA fragments
averaging 200 bp in length. Aliquots of the digested chromatin were pre-cleared with Protein
A-Sepharose and incubated with (+Ab) or without (−Ab) anti-acetylated (Lys 5, 8, 12, 16)
histone H4 antibody. Following incubation with Protein A-Sepharose beads and cross-link
reversal, the immunoprecipitated DNA was de-proteinized and analyzed by PCR. Primers for
the promoter region of CAV1 (−216 to +18 bp) were as follows: forward primer: 5′-
GAACCTTGGGGATGTGCC-3′ and reversed primer: 5′-GCCTACCTCCGAGTCTACG-3′
[16]. PCR products from the Input DNA and DEPC water were additional controls

Results
Microarray Hybridization Analysis of THF-diol Effects on Gene Expression in MCF-7 Breast
Cancer Cells

Genes regulated by THF-diol treatment were identified by comparing the mRNA expression
pattern of MCF-7 human breast cancer cells treated with EtOH or THF-diol at a 8 μg/ml, a
level previously shown to stimulate MCF-7 cells [1]. Microarray analysis utilizing the
HG_U133 Plus 2.0 chips was performed as described in Materials and Methods. Of the 38,500
genes represented on the array, 39–41.2% of the genes were present in the MCF-7 cells. Of
the present genes, 604 genes were expressed differentially between EtOH controls and THF-
diol treated cells (Table I). Further analysis of the differentially expressed genes with Ingenuity
Pathway Analysis software identified 7 regulatory pathways significantly (p value <0.05)
modulated by THF-diol treatment (Table II). Due to the well known effects of nitric oxide on
cellular growth and reproduction [17–19], the nitric oxide pathway was chosen for further
examination. Five genes in the Nitric Oxide Pathway (Fig 1, Table III) were up-regulated (pink)
or down-regulated (green) in MCF-7 cells following THF-diol treatment. Of these genes, only
ATPase, Ca++ transporting, ubiquitous (ATP2A3) was down-regulated. Several other key
genes in the pathway including caveolin 1 (CAV1), heat shock 90kDa protein 1, alpha
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(HSP90α), heat shock 90kDa protein 1, beta (HSP90β) and vascular endothelial growth factor
(VEGF) were up-regulated by THF-diol treatment relative to the ethanol controls.

Evaluation of THF-diol Effects on Nitric Oxide Genes in MCF-7 Cells by qPCR and Western
Blot

To further confirm the microarray data (Fig 1) presented above, MCF-7 cells were treated with
THF-diol or EtOH (controls) for 24 hours as described for the microarray studies. qPCR
experiments on cDNA made from the total RNA from these cells were performed. Studies of
the nitric oxide genes (Fig 2) show that THF-diol treatment inhibited ATP2A3 gene expression,
as indicated by the microarray analysis (Table III) and stimulated the expression of CAV1,
HSP90α, HSP90β and VEGF. In order to further confirm the affects of THF-diol gene
expression in MCF-7 cells at the protein level, a series of western blots was performed. Protein
extracted from treated cells was subjected to Western Blot analysis as described in Materials
and Methods. VEGF is secreted and therefore not examined in this assay. The immunoblot
bands were scanned with UN-SCAN-IT gel to determine the individual intensity of each band.
HSP90α and HSP90β protein expression was increased by 4 days while CAV1 was increased
by 8 days. In contrast, ATP2A3 protein expression was decreasing by 8 days. The qPCR (Fig
2) and Western Blot (Fig 3) data clearly demonstrate that THF-diol has a significant effect on
genes in the nitric oxide pathway.

THF-diol Modification of Histone H4 Acetylation at the CAV1 Promoter
Following the discovery of NO regulation by THF-diol, we developed methodology for
analyzing the acetylation state of histone H4 associated with the CAV1 promoter. MCF-7 cells
treated with EtOH (control) or THF-diol as described above were harvested and chromatin
prepared as described in Methods. The enzymatically digested chromatin consisting of 200
base pair fragments (Fig 4A) was immunoprecipitated with anti-acetyl histone H4 antibodies
and analyzed by PCR with primers against the CAV1 promoter (Fig 4B). THF-diol treatment
caused a significant increase in the intensity of the PCR signal. Quantitation of the signal with
Un-Scan-It gel and normalization of the signal to the Input DNA revealed a 30% increase in
signal of THF-diol treated cells compared to control (Fig 4C). These findings suggest that THF-
diol stimulation of CAV1 gene expression occurred as a result from an alteration in the binding
of histone acetyltransferases and/or histone deacetylases.

Discussion
Previous studies in our laboratory identified THF-diols [1] and LTX-diols [5] as endocrine
disruptors from corncob animal bedding with mitogenic activity in breast and prostate cancer
cells. LTX-diols and THF-diols block sexual behavior and cyclicity in adult female rats [1,5].
Although the THF-diols also block male sexual behavior, LTX-diols apparently lack this
biological activity [4]. While the exact mechanism of action of these compounds remains
unknown, the regulation of genes in the nitric oxide pathway by THF-diols described by the
present studies is consistent with the well-known effects of these compounds on reproductive
function [3,4,6] and their mitogenic activities in tumor cells [1,3,8].

Nitric oxide (NO) is synthesized from L-arginine by nitric oxide synthase (NOS), an enzyme
present in three isoforms. Neuronal NOS (NOS-1 or nNOS) and endothelial NOS (NOS-3 or
eNOS, studied in this manuscript) require calcium/calmodulin for activation to produce a
continuous basal release of NO [20,21]. The third isoform is a calcium-independent, inducible
form (iNOS or NOS-2), which is expressed in response to pro-inflammatory cytokines [22].
Apart from calcium, several other factors can regulate the activity of the NOS isoforms. eNOS
possesses site for myristylation, which links it to the cell membrane [23]. In addition, eNOS
activity is dependent on substrate concentration as well as the presence of co-factors NADPH,
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flavin mononucleotide (FMN), flavin adenine dinucleotide (FAD) and (6R)-5, 6, 7, 8-
tetrahydro-L-biopterin (THB) [24]. Phosphorylation at Serine 1177 in near the carboxy-
terminal is required for eNOS activation by calcium influx. Phosphorylation of Serine 633 in
the flavin mononucleotide (FMN) increases eNOS activity and maintenance of NO synthesis
[25]. Several proteins are involved in the regulation of eNOS. HSP90 facilitates the binding
of calmodulin to eNOS and increases eNOS activity at low and high calcium levels [26]. VEGF
signaling leads to the activation of AKT, which binds to eNOS in a complex with HSP90 and
calmodulin. AKT phosphorylation of eNOS is required for the NO synthesis at low calcium
levels [27]. An increase in CAV1 expression leads to activation of eNOS [28]. In addition, the
suppression of ATP2A3 in breast cancer cells leads to a release of calcium, which stimulates
eNOS [29]. Thus, the regulation of these genes by THF-diol suggests a possible role for THF-
diol in the control of the synthesis of nitric oxide.

The identification of genes specifically regulated by THF-diol provides targets that will aid in
the elucidation of the underlying mechanism of action of these endocrine disrupter/mitogens.
As seen in Figure 4, treatment of MCF-7 cells with THF-diol directly affects the acetylation
state of lysines 5, 8, 12 and 16 of histone H4 associated with the CAV1 promoter. Acetylation
of these four lysines is typically seen in active euchromatin while histones in heterochromatin
are hypoacetylated [30]. In particular, active transcription coincides with acetylation of lysines
8 and 16, while histone disposition is typically associated with acetylation of lysines 5 and 12
[31]. Therefore, it is not surprising that THF-diol up-regulation of CAV1 correlates with
elevated acetylation histones at the promoter. Utilization of ChIP assays and the knowledge of
what promoters are affected will allow us to identify other post-translational nucleosome
modifications associated with THF-diol. Studies on the mechanism of action of THF-diol and
related metabolites may lead to a new understanding of the effects of these compounds on both
cancer cell growth and proliferation and reproductive function.

NO plays an important role in a variety of physiological systems and pathways, such
asvasodilation in the vasculature, neurotransmission in neurons and as an antimicrobial agent
from macrophages [32]. However, it has a profound role in cancer. NOS activity has been
detected in a variety of tumor cells and is associated with tumor grade, proliferation rate and
expression of important signaling components in cancer development and progression. High
levels of NOS expression are cytostatic for tumor cells while a low level promotes tumor growth
[17]. In the murine mammary tumor model, NO promoted tumor growth and metastasis by
enhancing invasive, angiogenesis and migratory capacities in tumor cells [18]. NO-induced
p53 mutations can result in inactivation of p53 and loss of regulatory control. In addition, NO
has a demonstrated role in cancer cell growth and progression as inhibition of NOS leads to a
reduction of tumor cell growth [33]. The role of NO in tumor cell growth may explain the
mitogenic action of the THF-diols in human breast cancer and prostate cancer cells.

In addition to NO’s role in cancer, this molecule is also involved in reproductive function
[19]. All three isoforms of NOS are present in the rat cervix, while the uterus expresses iNOS
and eNOS [34]. During labor, nNOS and iNOS expression increases in the cervix and iNOS
decreases in the uterus, while eNOS levels remain constant. NOS inhibition by NG-nitro-L-
arginine methyl ester demonstrates a prolonged duration of delivery and decreased cervical
extensibility. NO plays an important role during fertilization in the oviduct. iNOS and eNOS
expression regulates the transport of gametes and embryos in addition to providing a specific
microenvironment that facilitates the fertilization process [35]. In the ovary, increases in NO
correlate with increases in estrogen, regulates follicular development [36] and ovulation [37].
In the male rabbits, NO induces penile erection [38]. NOS activity localized to the rat penile
neurons innervate the corpora cavernosa and eNOS present in the endothelium of penile
vasculature act as a physiological mediator of erectile function [39]. The activity of eNOS in
the testis regulates blood flow, cell permeability and contractile function of myofibroblasts,
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leading to steroid synthesis and transport [40]. NO also plays a role in sperm mobility with
low levels (physiological) enhancing mobility and high levels (pathological) inhibiting
mobility [41]. In addition to the above effects, NO regulates the release of gonadotropin
hormone releasing hormone (GnRH) from the hypothalamus by stimulating phospholipase A2
and prostaglandin E2 [42]. GnRH then stimulates the production of sex steroids in the gonads
leading to spermatogenesis, ovulation, mating behavior, lordosis and penile erection. THF-diol
likely acts on many or all of these pathways through its regulation of NO. A recent study by
our laboratory is consistent with these findings and has shown that THF-diols modulate the
expression of genes controlling phospholipase A2, lipoxygenase and cyclooxygenase in breast
cancer cells [8]. Thus, the endocrine disruptive and mitogenic properties of THF-diols appear
closely coupled to nitric oxide controlled pathways regulating both cellular proliferation and
sexual behavior.
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Figure 1. Ingenuity Diagram of Nitric Oxide Pathway Genes Significantly Increased or Decreased
by THF-diol Treatment
D-Chip output was analyzed by Ingenuity to generate the diagram. The results represent mean
fold-change in gene expression in response to THF-diol treatment relative to ethanol control.
Significantly (p<0.05) up-regulated genes are in pink and down-regulated genes are in green.
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Figure 2. QPCR Analysis of Alteration of Nitric Oxide Gene Expression by THF-diol
MCF-7 cells were treated for 24 Hours with 2 μl EtOH (controls) or THF-diol in 2 μl EtOH
(final concentration of 8 μg/ml). RNA was extracted and analyzed by qPCR as described in
Methods. The results represent the mean SEM for three independent RNA sets normalized to
18S RNA. Significantly different from control; *P<0.05, **p<0.01, ***p.0.001
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Figure 3. Western Blot Analyses of Nitric Oxide Protein Expression Altered by THF-diol
Panel A. Protein extracted from MCF-7 cells treated for 2, 4, 8 or 12 days with THF-diol were
subjected to western blot analysis with EtOH-treated cells as a control. Panel B. Bands were
analyzed by UNSCAN-IT gel to determine band intensity, normalized to β-actin and graphed
according to the change in fold expression relative to the EtOH controls. Significantly different
from EtOH control; *P<0.05, **p<0.001.
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Figure 4. ChIP Assay for Caveolin-1 Promoter
Panel A. Formaldehyde fixed MCF-7 cell chromatin was digested (17.5′) with Enzymatic
Shearing Cocktail (Active Motif). Following cross-link reversal and proteinase K treatment,
sheared DNA was electrophoresed on 1% agarose and stained with ethidium bromide. The gel
contains a 100 bp molecular weight ladder (MWM), and DNA that yielded 100–200 bp
fragments suitable for ChIP assays. Panel B (ChIP Assay). Following the immunoprecipitation
chromatin from EtOH (controls) or THF-diol treated MCF-7 cells, the DNA was subjected to
PCR analysis (36 cycles) with primers for the CAV1 promoter. PCR products from the Input
DNA (1:10 dilution) are shown as additional controls. Results from 3 PCR reactions (as in
panel B) for EtOH controls or THF-diol treated cells were quantified with UN-SCAN-IT (Silk
Scientific Software), normalized to Input DNA and analyzed with Instat (panel C).
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Table II
MCF-7 pathways significantly affected by THF-diol treatment

Pathway Changed Genes Genes in Pathway Ratio P Value

Hypoxia Signaling 7 44 0.16 3.33E-04
Ephrin Receptor Signaling 9 113 0.08 7.57E-03
Nitric Oxide Signaling 5 41 0.12 7.98E-03
PI3K/AKT Signaling 7 89 0.08 1.92E-02
Protein Ubiquination 11 181 0.06 2.28E-02
PDGF Signaling 5 54 0.09 2.46E-02
Propanoate Metabolism 5 58 0.09 3.23E-02
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