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Abstract: H3K27 methylation plays an important role in the regulation of gene expression and chromatin
stability and its expression 13 dynamically regulated by both specific methylases and demethylases. During
development, the regulation of these enzymes 1s fine-tuned to co-determine the appropriate level of H3IK27
methylation thus ensuring correct gene expression. However, it 1s not completely clear how this regulation is
realized. Here, we found that Akt (Akt]l and Akt?), H3K27 methylases (Ezhl and Ezh2) and demethylases (Jmjd3
and Utx) displayed varying levels of RNA and protein expression in mouse cell lines. Ezh2 was upregulated
(p=10.05) at the protein level in an TGF-1-treated C2C12 cell line. The overexpression of p-Alkt through myr-Akt
vector transfection greatly downregulated the mRNA levels of Ezhl, Imjd3 and Utx (p<0.01) but not Ezh2
(p=0.03). Therefore, the data suggest that the expression of both H3K27 methylase and demethylase genes is
involved in the activation of the TGF-1/PT3K/Akt pathway.
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INTRODUCTION

Histone post-translational modifications are widely
involved in cell reprogramming (Sasali and Matsui, 2008),
lineage specification (Mohn and Schubeler, 2009;
Surani et al., 2007) and carcinogenesis (Esteller, 2008,
Femberg et al., 2006). Previous studies have revealed that
these modifications have significant functions in the
stabilization of chromatin structure maintaimng specific
gene expression that preserves the distinctive features of
different cell types in multicellular orgamsms. H3K27
trimethylation occurs in the promoter region of static
genes and silenced chromatin domams (Barski ef af., 2007,
Kouzarides, 2007; Peters et al., 2003) and is thus regarded
as an important repressive gene expression regulator.

H3K27 can be mono, di or trimethylated by specific
methyltransferases (Peters et al., 2003; Steward et al.,
2006) with the type of modification depending on the
stage of development or differentiation. Ezh2 containing
a SET domam has been shown to be mvolved in
H3K27 methyltransferase activity (Czermm et af., 2002;
Kuzmichev et al., 2002) and 1t 15 highly expressed in
prostate cancer (Varambally et al., 2002), breast cancer

(Kleer et al., 2003) and lymphoma (Van Kemenade ef al.,
2001). Ezhl, a homolog of Ezh2 is more highly transcribed
in kidney, brain and skeletal muscle tissues (Laible et al.,
1997), it can also catalyze H3IK27 methylation. Both Ezhl
and Ezh2 can methylate H3K27 during epidermal
differentiation in vitro (Ezhkova et al., 2011). Therefore,
Ezhl and Ezh2 are essential for the generation of H3K 27
methylation and the correct regulation of gene expression.
The H3K 27 methylation level was dynamically altered by
the addition or removal of methyl groups in response to
certain stimuli (Banmster et al., 2002) which was
confirmed by the discovery of histone demethylases
including LSD (Shi ef al., 2004) and the catalytically active
Imjc domain family (Tsukada et al., 2006). Demethylases
can specifically remove methyl groups at the particular
sites and thus antagonize the effects of methylases. The
H3K27 demethylases Utx and Imjd3 are recruited to the
promoters of individual genes to relieve their repression
(Seenundun et al, 2010; Sen et al., 2008). Jmjd3
expression 1s upregulated or activated when stimulated by
cell cytokines and the RAS-RAF pathway, allowing
repressed genes to be transcribed (Agger et dof,
2009; De Santa et al, 2007). During development and
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differentiation, Utx and Tmjd3 are activated to decrease
H3K27 methylation level after the appropriate signals are
received.

Akt/PKB (Protein Kinase B), a major downstream
target gene of the IGF-1/PI3K/Akt pathway plays an
important role in cell growth (Potter et al, 2002),
differentiation (Lopez-Carballo et al., 2002) and survival
(Datta et al., 1997). Cha et al. (2005) reported an mverse
correlation between p-Akt and H3K27 trimethylation in
human cell lines and determined that Al phosphorylated
Ezh2 at serme 21, impairing its methyltransferase activity.
A recent study found that Eed, EzhZ and Suzl2 were
markedly downregulated in a murine skin repair model
whereas Imjd3 and Utx were significantly upregulated,
accompamied by  markedly decreased H3K27
trimethylation (Shaw and Martin, 2009). This finding
implies that the expression of H3K27 methylases and
demethylases may be synchronously regulated to
determine the H3K27 methylation level in response to
various stimuli. However, the mechamsm by which this
process is regulated remains unknown.

In this study, to determine whether Akt signaling
affects the expression of H3K27 methylases and
demethylases, researchers examined the expression of
these genes at the RNA and protein levels in mouse cell
lines and monitored changes in their levels when the
IGF-1/PI3K/Akt pathway was activated by IGF-1 or myr-
Akt vector transfection. Researchers found that Ezhl,
Ezh2, Imjd3 and Utx displayed varying expression levels
inthe C127, C2C12, 3T3-1.1 and NITH/3T3 cell lines. H3K27
methylase and demethylase gene expression are thus
mvolved in the activation of the IGF-1/PI3K/Akt pathway.

MATERIALS AND METHODS

Materials and antibodies: Antibodies  against
phospho-Akt (4738), pan-Akt, Aktl, Akt2 and H3 were
purchased from Cell Signaling Technology (Beverly, MA,
USA). Antibodies against Ezh2 and trimethylated H3IK27
were obtained from Millipore (Bedford, MA, USA). An
antibody against Ezhl was purchased from Epitomics
(Burlingame, CA, TJSA). An antibody against Utx was
obtained from Bethyl Laboratories (Montgomery, TX,
USA). An antibody against Jmjd3 was purchased from
Abgent (San Diego, California, UUSA). Human recombinant
TGF-1 was obtained from Sigma (5t. Louis, MO, TUSA). FBS
and CS were purchased from Hyclone (Thermo, Boston,
MA, USA). NCS was purchased from Gibeo (Invitrogen,
Carlsbad, CA, USA). Cell culture medium (DMEM) was
obtained from Invitrogen (Carlsbad, CA, USA). C127
(mouse mammary gland epithelial) and 3T3-L1 (mouse
embryonic preadipocyte) cell lines were purchased from

ATCC. NTH/3T3 (mouse embryonic fibroblast) and C2C12
(mouse muscle myoblast) cell lines were from the
BeijimgUmon MedicalCell Bank.

Cell culture and transfection: Cell lines were maintained
in DMEM medium supplemented with 10% heat-
mnactivated serum (C127 and C2C12 supplemented with
FBS;, 3T3-L1 supplemented with NCS; NIH/3T3
supplemented with CS), 100 U mL™ penicillin and
100 pg mL~" streptomycin. All cell lines were incubated at
37°C m humidified 95% air containing 5% CO,. NIH/3T3
cells were transfected with 4 ug DNA per 1x10° cells using
the Amaxa Cell Line Nucleofector kit (Amaxa Biosystems,
Gaithersburg, MD, UUSA) according to the manufacturer’s
instructions.

RNA extraction and reverse transcription: Total RNA
was extracted using an RNeasy mini kit (Qiagen, Hilden,
Germany) with genomic DNA removed using RNase-free
DNase I (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. The RNA concentration was
determined wusing a NanoDrop spectrophotometer
{(Thermo Scientific, Waltham, MA). Reverse transcription
was performed with 1 pg total RNA using the M-MLV
kit (Promega, Madison, WI, USA) following the
manufacturer’s protocol.

Quantitative real-time PCR: Real-time quantitative PCR
was performed on a LightCycler 480 (Roche Biochemicals,
Mannheim, Germany) in a total volume of 15 pl. with
SYBR Green I Mixture (Roche Biochernicals, Mannheim,
Germany). The primers used in quantitative real-time PCR
for Altl, Alkt2, Ezhl (Rugg-Gunn et al, 2010), Ezh2
(Rugg-Gunn et al., 2010), Im)d3 (De Santa et al., 2007), Utx
(Xu et al., 2008) and Gapdh are shown in Table 1. The
following PCR conditions were used: 95°C for 5 min
followed by 40 cycles of 95°C for 15 sec and 60°C for
1 min and a final melting curve was performed from
65-95°C. The amplification products were recovered,
sequenced and compared against GenBank sequences
using the BLAST tool (NCRI). Each of the amplified DNA
products was identical to the sequence of its target gene.
All quantitative real-ime PCR samples were run in
triplicate. The 27*** Method was used to analyze the
results (Livak and Schmittgen, 2001).

Plasmid construction: The Aktl and Akt2 CDS
nucleotide sequences were amplified using primers P2 and
P4 (Table 1), respectively containing BamHI and Notl
restriction sites, an N-terminal myristoylation tag
nucleotide sequence (Boutmn, 1997; Mitsuuchi et af.,
1998) and a C-terminal c-myc tag nucleotide sequence
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Table 1: Sequences of the primers used for PCR and quantitative RT-PCR

Primer name Gene symbol References Primer sequence 5'-3' Product size (bp)

P1 Aktl NM_009652 F:.CGCCAAGGATGAGGTTGC 104
R:GGTCGTGGGTCTGGAATGAG

P2 F: CGCGGATCCGCCACCATGGGGAGCAGCAAGAG 1,527
CAAGCCCAAGATGAACGACGTAGCCATTGTG
R: ATTTGCGGCCGCTCACAGATCCTCTICTGAGAT
GAGTTTTTGTITCGGCTGTGCCACTGGCTGAG

P3 Akt2 NM_001110208 F:CCACGACCCAACACCTITGT 102
R:CCGCATCCACTCTTCCCTC

P4 F: CGCGGATCCGCCACCATGGGGAGCAGCAAGAGC 1,530
AAGCCCAAGATGAATGAGGTATCTGTCATCAAAG
R: ATTTGCGGCCGCTCACAGATCCTCTICTGAGATG
AGTTTTITGTTCCTCTCGGATGCTGGCTGAGT

P5 Ezhl NM_007970 F:CGAGTCTTCCACGGCACCTA 39
R:GCAAACTGAAAGACCTGCTTGC

P6 Ezh2 NM_ 007971 F:CCTTCCATGCAACACCCAAC 100
R:GCTCCCTCCAGATGCTGGTAA

P7 Jmjd3 NM_001017426 F:CCCCCATTTCAGCTGACTAA 199
R:CTGGACCAAGGGGTGTGTT

P8 Utx NM_009483 FAAGGCTGTTCGCTGCTACG 260
R:GGATCGACATAAAGCACCTCC

P9 Gapdh NM_008034 FAGGTCGGTGTGAACGGATTIG 123

R.TGTAGACCATGTAGTTGAGGTCA

GGGAGCAGCAAGAGCAAGCCCAAG, myr sequence; CAGATCCTCTTCTGAGATGAGTTTTTGTTC, c-myc tag sequence, GCCACC, Kozak

sequence; GGATCC, BamHI restriction site; GCGGCCGC, Notl restriction site

(Sato et al., 2006). The PCR conditions were as follows:
95°C for 5 min followed by 35 cycles of 95°C for 30 sec,
60°C for 30 sec and 72°C for 2 min. The amplified products
were recovered and digested with BamHI and Notl
restriction enzymes (New England Biolabs, Beverly, MA,
USA) and then inserted mto pecDNA3.1(+) (Invitrogen,
Carlsbad, CA, TUSA) that had been predigested with
BamHI and Notl. Positive clones were sequenced and
BLASTed agamst the GenBank sequence database
(NCBI) and the results showed that each of the
amplified DNA fragments was correct. The resulting
vectors were named myr-Aktl and myr-Akt2, respectively.

Protein extraction and Western blotting: After reaching
70-80% confluence or 48 h after transfection, the cells
were washed with cold DPBS and then protein was
extracted in 1mmunoprecipitation buffer (Beyotime
Biotech, Nantong, China) contamning protease mhibitor
cocktail (Roche Biochemicals, Mannheim, Germany) and
phosphatase inhibitor (Roche Biochemicals, Mannheim,
Germany) after 30 min of incubation on ice. The lysate was
separated by centrifugation and the supernatant was
collected. Histones were extracted as previously
described by Shechter et al. (2007). The protein
concentration was determined using a BAC kit (Beyotime
Biotech, Nantong, China). Protein was denatured in SDS
sample buffer, boiled for 5 min and then subjected to SDS-
PAGE with equal After
electrophoresis, the protein on the gel was transferred to
a PVDF membrane (Millipore, Bedford, MA, USA) and
blocked in 5% milk TBST buffer for 1 h. The membrane
was then probed with monoclonal or polyclonal primary

amounts in each lane.

antibodies against the proteins of mterest using the
antibody  concentrations  recommended by  the
manufacturers. Subsequently, a Horseradish Peroxidase
(HRP) comjugated secondary antibody (Jackson
ImmunoResearch, West Grove, PA, USA) was used to
detect the priumary antibodies. After mcubation with the
primary and secondary antibodies, the membranes were
washed three times with TBST for 10 min each. The
antigen-antibody complex was detected using an ECL kit
(Thermo, Boston, MA, USA) accordng to the
manufacturer's instructions.

Statistical analyses: Western blot bands were quantified
using the Gel-Pro imaging software (Media Cybernetics,
Silver Spring, MD, USA). The values shown represent the
average of at least three independent experiments and the
data were expressed as the meantSD and analyzed with
one-way ANOVA. The p<0.05 was considered statistically
significant. Error bars indicate standard deviations. The
different lowercase letters indicate statistically significant
(p<0.05) and extremely sigmficant (p<0.01) values.

RESULTS AND DISCUSSION

The levels of p-Akt and H3K27 trimethylation in mouse
cell lines: Cha et af. (2005) reported that p-Akt levels
were inversely correlated with H3K27me3 levels in
human cell lines, researchers speculated that a similar
phenomenon would be observed m mouse cell les.
Researchers used Western blotting to investigate the
relationship between p-Akt levels and H3K27me3 levels
inthe C127, C2C12, 3T3-L1 and NTH/3T3 cell lines.
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Fig. 1: Detection of p-Akt and H3K27 trimethylation in mouse cell lines. Western blot analysis of; a) p-Akt and b) H3K27
trimethylation in the C127, C2C12, 3T3-1.1 and NTH/3T3 cell lines. The black bars represent ratios of the densities
of the corresponding Western blot bands normalized to the internal reference gene. L1, 3T3-L1 cell line; NIH,

NIH/3T3 cell line

Researchers found that the p-Alt contents were
significantly different (p<0.05) among these cell lines with
C127 showing the highest p-Alkt level (p<0.05; Fig. 1a).
The lowest p-Akt level was found in NIH/3T3 (p<0.05).
The NIH/3T3 cell line showed the highest H3K27
tnmethylation level (p<t0.01) but there were no significant
differences (p=>0.05) among the remaining cell lines
(Fig. 1b).

Different RNA and protein levels of Aktl, Akt2, H3K27
methylases (Ezhl and Ezh2) and demethylases (Jmjd3
and Utx): Because p-Akt levels are affected by Aktl and
Akt? expression, researchers expected that the level of
H3K27 trimethylation would be regulated by methylases
(Ezhl and Ezh2) or demethylases (Tmjd3 and Utx). Thus,
researchers were mterested mn determiming how these
genes contribute to increased p-Akt expression
corresponding to reduced H3K27me3 levels. First,
researchers examined Aktl and Akt2 mRNA and protein
expression. The C127 and C2C12 cell lines both displayed
higher levels of Aktl and Akt2Z mRNAs than did the
3T3-L1 and NIH/3T3 (p<0.05) lines (Fig. 2a).

The C127 and C2C12 lines displayed elevated Alt2
protemn expression (Fig. 2b) compared with the 3T3-L1 and
NIH/3T3 lines (p<<0.05). Second, researchers investigated
the mRNA and protein levels of Ezhl, Ezh2, Jmjd3 and Utx
inthese cell lines. The expression of Imjd3 mRNA (Fig. 3a)
was the huighest in C2C12 (p<<0.05). The 3T3-L1cell line had
the lowest Ezh2 mRNA expression of all cell lines tested

(p=<0.01). The protein expression levels of Hzhl, Ezh2,
Jmyd3 and Utx (Fig. 3b) were lughest in C127 (p<0.05).

H3K27 methylase and demethylase gene expression upon
activation of the IGF-1/PI3K/Akt pathway: Ezh1, Ezh2,
Tmyd3 and Utx were variably expressed m these mouse cell
lines. Researchers were thus interested in determining
whether the H3K27 methylases and demethylases are
involved in the TGF-1/PT3K/Akt pathway. Researchers
detected increases in p-Akt levels beginning at 10 min
after IGF-1 treatment and peaking at 3 h. The Ezh2 levels
increased from 6-24 h while the levels of Ezhl and Jmjd3
remained unchanged (p>0.05); the levels of Utx changed
but not sigmficantly (p=0.05; Fig. 4). Sunilar results were
also observed in the NIH/3T3 cell line. To confirm that an
increase m p-Akt promotes Ezh2 expression, researchers
constructed the myr-Aktl and myr-Akt2 vectors to induce
high p-Akt levels. The transfection efficiency in the
NIH/3T3 cell line was 80%. The cells were harvested at
24 and 48 h after transfection to investigate the mRNA
and protein expression of Ezhl, Ezh2, Imjd3 and Utx. The
results showed that increased p-Akt levels greatly
decreased the mRNA expression of Ezhl, Jmjd3 and Utx
(p<0.01) but not that of Ezh2 (p>0.05, Fig. 5a).
Transfection with the myr-Akt] vector yielded the highest
expression of p-Akt compared with the control followed
by myr-Akt2 (Fig. 5b). The Ezhl and Utx levels slightly
decreased with protein expression (p<0.05), Ezh2 and
Imjd3 levels remained the same (p=>0.05).
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Fig. 2: a) Levels of Aktl and Akt2 mRNA and proteinin mouse cell lines. Total RNA was 1solated from C127, C2C12, 3T3-
1.1 and NTH/3T3 cell lines and real-time quantitative PCR was used to determine Altl and Akt2 levels; b) The
mRNA expression levels were normalized to GAPDH mRNA expression. Western blotting to ascertain Aktl and
Ald2 expression in the C127, C2C12, 3T3-L.1 and NTH/3T3 cell lines

H3K27 trimethylation is regarded as a repressive
histone modification and 1s always associated with
silenced gene promoters (Barski ef af., 2007). Many of the
targeted genes are transcription factors (Bernstein et al.,
2006, Lee et al, 2006) and it is clear that histone
methylation plays a crucial role in gene expression during
development. H3K27 methylation is dynamically regulated
by methylases and demethylases. Researchers performed
real-time PCR and Western blot to determine the
expression levels of H3K27 methylase and demethylase
genes and found that Ezhl, Ezh2, Jmjd3 and Utx were

variably expressed in mouse cell lines with Ezh2 and Utx
showing greater susceptibility in the activation of the
IGF-1/PI3K/Akt pathway than Jmjd3 and Ezhl with
respect to RNA and protein expression levels.

H3K27 trimethylation appears to fine-tune the
regulation of gene expression, both spatially and
temporally. Barski e al. (2007) reported elevated H3K 27
trimethylation on the promoters of repressed genes and
its absence on active genes. The uneven distribution of
H3K27 trimethylation throughout the whole genome 1s
dynamically regulated by methylases (Ezhl and Ezh2) and
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Fig. 3: a) The expression of Ezhl, Ezh2, Tmjd3 and Ttk mRNA and protein in mouse cell lines. Real-time quantitative PCR
was used to determine Ezhl, Ezh2, Jmjd3 and Utx mRINA expression levels; b) Western blotting was used to detect
Ezhl, Ezh2, Imjd3 and Utx protein expression levels; in the C127, C2C12, 3T3-L.1 and NTH/3T3 cell lines
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demethylases (Jmyd3 and Utx) during development.
Mutation of Ezh2Y641 increased the levels of H3K27
trimethylation in B-cells and Ilymphoma tissues
(Bodor et al., 2011). Ezh2 knockdown reduced the levels
of H3K27me3; similarly, the phosphorylation of Ezh2 at
Ser2] also weakened its catalytic activity and decreased
the level of H3K27me3 (Cha et al., 2005). Utx mutations
have been detected in multiple types of cancer but no
correlation of global H3K27me3 and H3K 4me3 levels has
been reported m Utx-null lmes or wild-type samples

(Van Haaften et af., 2009). When macrophages were
activated by stimulation with either IL-4 or STATS6, Jmjd3
expression was upregulated and the level of H3K27
methylation consequently decreased (Tshii et al., 2009).
Although, it 15 known that H3K27 methylation can be
upregulated by methylases and downregulated by
demethylases, the mechanism by which these functional
antagonism enzymes interact to co-determine H3K27
methylation level has remamed obscure. The results
demonstrate that Ezhl, Ezh2, Jmjd3 and Utx are expressed
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Fig. 5. The expression levels of Ezhl, Ezh2, Tmjd3 and Utx mRNA and protein in NTH/3T3 cells transfected with the myr-
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time quantitative PCR was used to determine Ezhl, Ezh?2, Jmjd3 and Utx mRNA expression levels; b) Protemn was
harvested 48 h after myr-Aktl and myr-Akt2 transfection; Western blotting was used to evaluate Ezhl, Ezh2,
Imjd3, Utx, Aktl, Akt2, mye, p-Akt and GAPDH protein expression. The control received no treatment. Con,
control, pcDNA3.1, pcDNA3.1 plasmid transfection, Myr-tl, myr-Aktl vector transfection; Myr-t2, myr-Akt2
vector transfection

2476



J. Anim. Vet. Adv., 11 (14): 2469-2479, 2012

simultaneously but are expressed differentially among
these mouse cell lines, implying that H3K27 methylation
may be coordinately regulated by these enzymes at the
protein level

According to a prior study, p-Akt and H3K27
trimethylation have an mverse relationship in human cell
lines. In the study, researchers also found that the C127,
C2C12 and 3T3-L1 lines expressed high levels of p-Alkt
accompanied with low H3K27me3 levels; in contrast,
NIH/3T3 displayed the opposite behavior. When the cell
lines were treated with IGF-1, researchers found that Ezh2
was upregulated and Utx expression was slightly altered
but net significantly different after 12 h. During epidermal
wound healing and the senescence of human
multipotent stem cells, Ezh2 and Suzl 2 are significantly
downregulated and accompanied by marked upregulation
of Imjd3 or Utx (Jung et al., 2010; Shaw and Martin, 2009).
It remains unclear how methylases and demethylases
expression levels are altered during these processes. The
results showed that the expression of H3K27 methylases
and demethylases are stimulated simultaneously in
response to IGF-1. Researchers also found that myr-Akt
acted to continuously increase p-Akt levels and observed
that Ezhl, Ezh? and Utx were dowmregulated at the
mRNA level but no change was detected in Ezh2.
Researchers speculate that methylases and demethylases
collaboratively regulate H3K27me3 expression in response
to signal stimulation but further investigations are needed
to confirm this hypothesis and the cofactors of these
enzymes should be considered.

Ezh2 fine-tunes the regulation of H3K27 methylation
to ensure the accuracy of gene expression during
development. Several microRNAs have been found to
suppress Ezh2 expression and decrease H3K27me3 levels
(Varambally et al., 2008, Wong and Tellam, 2008). Ezh2 1s
also downregulated by small molecules (Fislkus et al.,
2009). Ectopically expressed Ezh2 shortens the G1 phase
to promote proliferation in primary mouse embryonic
fibroblasts (Bracken et al., 2003). Researchers detected an
increase 1 the expression of Ezh? at 6 h after stimulation
with IGF-1. However, Bredfeldt et al. (2010) reported that
Ezh?2 expression levels remamed unchanged or decreased
slightly within 60 min when E2-BSA and DES were used
to induce p-Akt. Researchers speculate that this
difference in behavior may be caused by other distinct
down stream target genes. When the myr-Akt vector was
used to increase p-Akt levels, rersearchers unexpectedly
observed that both the mRNA and protein expression of
Ezh2 were nearly unchanged. Because IGF-1 can
activate both the PI3K/Akt and MEK/ERK pathways
(Laviola et al., 2007), this finding implies that downstream
target genesother than p-Akt can promote increased
Ezh? expression as confirmed by a recent report that
the MEK-ERK1/2-Elk-1 pathway regulates Ezh2
overexpression and an Akt inhibitor does not affect

Ezh2 expression (Fujii et al., 2011). Researchers also
observed that high levels of p-Alt did not affect Ezh2
expression. Because high Ezh2 expression leads to
abnormal gene expression in various cancer cells, further
studies of the mechanism of Ezh2 expression regulation
may contribute to an improved understanding of its
functions in cancer.

CONCLUSION

In this study, the results suggest that the IGF-
1/PI3K/Akt pathway affects the expression of H3K27
methylases and demethylases at the RNA and protein
levels. Ezhl, Ezh2, Jmjd3 and Utx are differentially
expressed in different mouse cell lines and the responses
of Ezh2 and Utx are more affected by the activation of the
IGF-1/PI3K/Akt pathway than are Ezhl and Jm;d3.
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NOMENCLATURE
IGF-1 = Insulin-like Growth Factor 1
PI3K = Phosphatidylinositol 3-Kinase
Akt/PKB = Protein Kinase B
p-Akt = Phosphorylated Akt (Serd73)
T-Akt = Total Akt protein

H3K4/27me3 = Histone H3 trimethylated at lysine 4/27

EZH1/2 = Enhancer of Zeste Homolog 1/2
IMID3/UTX = JmjC-Domain protein

LSD1 = Lysine-Specific Demethylase 1

FBS = Fetal Bovine Serum

NCS = Newbom Calf Serum

CS = Calf Serum

DMEM = Dulbecco’s Modified Eagle’s Medium
SDS Sodium Dodecyl] Sulfate

DPBS = Dulbecco’s Phosphate-Buffered Saline

PVDF = Polyvinylidene Difluoride

TBST = Trns-Buffered Saline with Tween-20

DES = Diethylstilbestrol

E2-BSA = Membrane-impermeable Bovine Serum
Albumin-conjugated 17p-estradiol

MEK = Mitogen-Activated protein Kinase

ERK = Extracellular-signal Regulated protein
Kinases

MAPK = Mitogen-Activated Protein Kinase

Elk = Transcription factor
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