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General control non-derepressible 5 (GCN5) is ectopically expressed in different types of
human cancer and association with the carcinogenesis, development, and poor progno-
sis of cancers. The present study was aimed to investigate the potential role and related
mechanisms of GCN5 in IL-6–treated prostate cancer (PCa) cell. The results showed that
an elevated GCN5 expression was stimulated by IL-6. Knockdown of GCN5 significantly
inhibited IL-6–driven proliferation, migration, invasion, and epithelial-mesenchymal transi-
tion (EMT). Moreover, early growth response-1 (Egr-1) expression was elevated by IL-6
treatment and GCN5 siRNA down-regulated the expression of Egr-1. Furthermore, over-
expression of Egr-1 attenuated the effects of GCN5 silence on cell proliferation, migration,
invasion, and EMT in PCa. Besides, knockdown of GCN5 resulted in the down-regulation
of p-Akt and up-regulation of PTEN, which was partly impeded by Egr-1 overexpression.
The effects of GCN5 overexpression on cell proliferation and invasion were suppressed
by LY294002, In conclusion, these data demonstrated the negative effect of up-regulated
GCN5 in IL-6-induced metastasis and EMT in PCa cells through PI3K/PTEN/Akt signaling
pathway down-regulating Egr-1 expression.

Introduction
Prostate cancer (PCa) is the most frequently diagnosed cancer and the second leading cause of
cancer-related death worldwide in male [1]. The high morbidity and mortality of PCa are mainly due
to the distant metastases, in which the cancer cells spread from a primary organ to distal sites. Substan-
tial evidence has demonstrated that inflammation also plays a critical role in the pathogenesis of PCa by
regulating tumor microenvironment through releasing proinflammatory cytokines and growth factors,
and thus modulating the tumor growth, progression, and metastasis [2–4]. Therefore, it is very impor-
tant to understand the molecular pathway associated with metastasis and inflammation for improving
approaches to therapy and prevention of PCa.

Interleukin (IL)-6 is a potent proinflammatory cytokine that exhibits functional pleiotropy in the regu-
lation of growth, metastasis, and differentiation in numerous human cancers such as lung cancer, head and
neck squamous cell carcinoma, breast, and PCa [5–8]. High level of IL-6 has been found in clinical spec-
imens from PCa patients and PCa cell lines (PC3, DU145, and LNCaP et al), as well as in sera of patients
with advanced PCa that is resistant to therapy [9]. Furthermore, the elevated IL-6 level has been reported to
promote PCa growth and metastatic potential acquisition through modulating the cell proliferation, inva-
sion, migration, and epithelial-mesenchymal transition (EMT) of PCa, while anti-IL-6-antibody showed a
contrary effect [7]. In PCa, activation of STAT3 and IGF-1R signaling pathway by IL-6 has been indicated
to be key molecular events in the progression and metastasis [10,11]. Thus, IL-6 is an important regulator
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in the tumorigenesis and development of PCa. However, the molecular mechanism of IL-6-induced EMT and metas-
tasis in PCa has not been investigated thoroughly.

General control non-derepressible 5 (GCN5), also named KAT2A, is the first identified histone lysine acetyltrans-
ferase belongs to HAT superfamily. The involvement of GCN5 has been reported in a broad range of cellular processes
including gene transcription, differentiation, DNA repair, nucleosome assembly, and cell cycle regulation [12–16]. In
addition, it has also been manifested that GCN5 plays a role in cancer cell growth and development through increas-
ing the stability of c-Myc and the translocated E2A-PBX1 oncoprotein [16–19]. However, the functional role and
mechanism of GCN5 in the EMT and metastasis of PCa are still unclear. The aim of our current study is to evaluate
the role of GCN5 in IL-6–stimulated PCa, we first determined the expression level of GCN5 after IL-6 treatment, and
then the effects of silencing GCN5 on cell invasion, migration and EMT were evaluated. Finally, we further explored
the potential mechanism that involved.

Materials and methods
Cell culture and treatment
The human PCa cell lines TSU, PC-3, LNCaP, and DU145 were purchased from the Cell Bank of Type Culture Collec-
tion of Chinese Academy of Sciences (Shanghai, China) and cultured in RPMI-1640 medium (Gibco-BRL, Rockville,
MD, U.S.A.) plus 100 U/ml of penicillin, 100 mg/ml of streptomycin, and 10% FBS (Gibco-BRL) in a humidified
atmosphere at 37̊C in 5% CO2. For IL-6 treatment, recombinant human (rh) IL-6 (R&D Systems, Minneapolis, MN,
U.S.A.) was diluted in cell culture medium to a concentration of 20 ng/ml and used to maintain cells for 24 h.

RT-qPCR
Cells were harvested, and total RNA was extracted using TRI-reagent (Sigma–Aldrich, St Louis, MO, U.S.A.) ac-
cording to manufacturer’s protocol. About 2 μg of RNA was reversed to synthesize DNA using the Superscript II First
Strand cDNA Synthesis Kit (Invitrogen, Carlsbad, CA, U.S.A.). Real-Time PCR was performed according to the man-
ufacturer’s protocol of Fast Start Universal SYBR Green Master (Roche Diagnostics, Indianapolis, IN) using Applied
Biosystem’s 7900 HT Real-Time PCR system.

Western blotting
Total protein was prepared using ice-cold lysing buffer (50 mM Tris–HCl [pH 7.4], 1% NP-40, 0.1% SDS,
0.25% sodium deoxycholate, 150 mM NaCl, 1 mM EDTA, 1 mM PMSF, 1 lg/ml leupeptin, 1 μg/ml apro-
tinin, 1 μg/ml pepstatin, 1 mM Na3VO4, and 1 mM NaF). Protein concentration was determined using
the Pierce BCA Assay Kit (Thermo Scientific). Equal amounts of protein were resolved by SDS/PAGE on
4–20% gels (Novex/Invitrogen, San Diego, CA) and transferred to a PVDF membranes. Then the mem-
brane was blocked with 5% non-fat dry milk, followed by incubating with rabbit anti-BRD4(1:1000), rabbit
anti-α-catenin (1:1000), rabbit anti-E-cadherin(1:1000), rabbit anti-Vimentin (1:1000), rabbit anti-N-cadherin
(1:1000), rabbit anti-β-Catenin(1:1000), rabbit anti-CyclinD1(1:1000) and rabbit anti-c-myc(1:1000) antibodies, and
HRP-conjugated mouse anti-rabbit secondary antibody(1:5000; Cell Signaling Technology, Danvers, MA, U.S.A.).
The blots were visualized by enhanced chemiluminescence (Bio-Rad Laboratories, Hercules, CA). The intensity of
the target proteins was normalized to the intensity of β-actin.

Plasmids and siRNA transfection
The on-target plus siRNA for GCN5 (siGCN-1 and siGCN-2), and non-targetting control siRNA (NC), as well as
pcDNA3.1 expression plasmids encoding Egr-1 (pcEgr-1) were purchased from Santa Cruz co (Santa Cruz, CA,
U.S.A.). The pcDNA-Flag-GCN5 plasmids express human GCN5 or its corresponding mutant cDNA respectively
with FLAG-tag using the cytomegalovirus immediate early promoter. LNCaP cells were planted into a six-well plate,
siGCN5-1, siGCN5-2, pcEgr-1, and NC were transfected until the cells were 80% confluent according to the manufac-
turer’s instructions of LipofectaminsTM 2000 (Invitrogen). The cells were further cultured for 24 h before supernatant
was collected and cells lysed for transfection efficiency or other experimental analysis.

MTT assay
In brief, cells (4 × 105) were seeded in 96-well plates and 12, 24, 48, 72, or 96 h after, 5 mg/ml MTT was added and
it was incubated for another 4 h. Then, cells were stained with 200 μl of DMSO. After that, the plate was read at 570
nm using a spectrophotometer (Beckman Coulter).
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Figure 1. GCN5 is up-regulated in IL-6–stimulated PCa cells

Cells were cultured and then treated with IL-6 (20 ng/ml) for 24 h, (A) GCN5 mRNA expression was determined using RT-qPCR

analysis. (B) The protein expression level of GCN5 was measured using Western blotting assay. The error bars represent the means
+− S.D. of three independent experiments. *P<0.05 compared with control group.

Invasion assay
The cell invasive ability was performed using a BD BioCoat Matrigel Invasion Chamber (BD Biosciences, Piscataway,
NJ, U.S.A.) according to the manufacturer’s protocol. In brief, the cultured cells (5 × 104) treated with IL-6, siGCN5,
and pcEgr-1 were seeded in serum-free RPMI-1640 medium in the matrigel-coated chamber inserts, and the lower
chamber was filled with RPMI-1640 medium with 10% serum. After 24 h of incubation at 37◦C, the non-invasive cells
on the upper chambers were carefully removed with a cotton-tipped swab. The invading cells on the bottom chamber
were fixed with 100% methanol and stained with 0.05% crystal violet, and counted under an immnofluorescence
microscopy. Results were collected in five random microscopic fields per membrane in triplicate inserts.

Migration assay
The migratory capacity of migration cells treated with IL-6, siGCN5, and pcEgr-1 was measured using Corning tran-
swell inserts (BD Biosciences) with 8.0 μm pore polycarbonate membrane. 5 × 104 cells were incubated in medium
with 1% FBS in the top transwell chamber of the system and allowed to migrate for 48 h. After removing non-migrated
cells from the upper chamber using a cotton swab, the cells were then fixed and stained with 0.05% crystal violet. The
number of migrated cells was determined by counting in four fields/well with three wells/condition.

Statistical analyses
Data were presented as the mean +− S.D. from at least three independent experiments. Statistical analyses were per-
formed using the Student’s t test and one-way ANOVA. P<0.05 was considered statistically significant.

Results
IL-6–stimulated GCN5 expression in various PCa cell lines
The GCN5 mRNA and protein expression levels in human prostate carcinoma cell lines after IL-6 treatment were
investigated using RT-qPCR and Western blotting assay. Results revealed that GCN5 mRNA expression level was sig-
nificantly up-regulated by IL-6 stimulation in the whole PCa cell lines, in which LNCaP cell line showed a maximum
induction (Figure 1A). The GCN5 protein expression level was also elevated in various PCa cells, with the biggest
promotion in LNCaP cell line (Figure 1B).

Knockdown of GCN5 inhibited proliferation in IL-6-induced PCa
Next, we investigated the effect of GCN5 on cell proliferation of LNCaP cell. GCN5 was efficiently silenced by
siGCN5-1 and siGCN5-2 (Figure 2A). MTT assay was performed to determine the cell proliferation. As Figure 2B
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Figure 2. Knockdown of GCN5 inhibited proliferation by IL-6–stimulated in PCa cells

Cells were cultured and then treated with IL-6 (20 ng/ml) for 24 h, GCN5 siRNAs were then transfected and cultured for another

24 h. (A) The protein expression level of GCN5 was measured using Western blotting assay. (B) Cell proliferation was determined

using MTT assay. The error bars represent the means +− S.D. of three independent experiments. *P<0.05 compared with control or

NC. #P<0.05 compared with NC.

Figure 3. Knockdown of GCN5 inhibited metastasis and EMT induced by IL-6–stimulated in PCa cells

Cells were cultured and then treated with IL-6 (20 ng/ml) for 24 h, GCN5 siRNAs were then transfected and cultured for another 24

h. (A) The number of invasive cells was counted and analyzed statistically by Matrigel Invasion Chamber assay. (B) The number of

migrated cells was counted and analyzed statistically by transwell assay. (C) The protein expression levels of epithelial markers and

mesenchymal markers were analyzed using Western blotting assay and representative blots are shown. The error bars represent the

means +− S.D. of three independent experiments. *P<0.05 compared with the control or NC. #P<0.05 compared with the control

or NC.

showed, IL-6 stimulation significantly promoted the cell proliferation, and down-regulation of GCN5 remarkably
inhibited proliferation of LNCaP cells (Figure 2B).

Knockdown of GCN5 inhibited IL-6–driven migration, invasion, and EMT
As shown in Figure 3A & B, siGCN5-1 and siGCN5-2 mediated silence of GCN5 prevented IL-6-induced invasion and
migration of PCa cells. Furthermore, knockdown of GCN5 repressed mesenchymal markers Vimentin, N-cadherin,
and upr-egulated epithelial markers α-catenin and E-cadherin protein expression levels after IL-6 exposure (Figure
3C).
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Figure 4. Overexpression of Egr-1 attenuated the effects of GCN5 silence in PCa

Cells were cultured and then treated with IL-6 (20 ng/ml), GCN5 siRNA (siGCN5), and pcDNA 3.1 Egr-1 (pcEgr-1). (A) The protein

expression level of Egr-1 was measured using Western blotting assay. (B) The cell proliferation was tested using MTT assay. (C) The

number of invasive cells was counted and analyzed statistically by Matrigel Invasion Chamber assay. (D)The number of migrated

cells was counted and analyzed statistically by transwell assay. The protein expression levels of epithelial markers (E) Vimentin and

(F) E-cadherin were analyzed using Western blotting assay and representative blots are shown. The error bars represent the means
+− S.D. of three independent experiments. *P<0.05 compared with Blank. #P<0.05 compared with NC. $P<0.05 compared with

siGCN5.

Overexpression of Egr-1 attenuated the effects of GCN5 silence on PCa
Early growth response-1 (Egr-1) protein expression level was significantly impeded by GCN5 knockdown (Figure
4A). To explore the role of Egr-1 in IL-6–treated PCa cells, the Egr-1 overexpression plasmid was used, and the metas-
tasis and EMT of PCa cells were analyzed. Results showed that overexpression of Egr-1 impeded the inhibited cell
proliferation induced by siGCN5 (Figure 4B). Ectopic expression of Egr-1 attenuated the inhibitory effect of siGCN5
on invasion (Figure 4C) and migration (Figure 4D) of PCa cells. What’s more, the Western blotting assay manifested
that overexpression of Egr-1 partly abrogated suppressive effect of siGCN5 on Vimentin protein expression (Figure
4E) and the promotional effect of siGCN5 on the E-cadherin protein expression (Figure 4F).

PI3K/PTEN/AKT signaling was involved in cancer growth and metastasis
following GCN5 overexpression
Finally, we investigated the effects of GCN5 on PI3K/Akt signaling. Western blotting showed siGCN5 significantly
decreased the protein expression level of Akt phosphorylation (p-Akt) and increased PTEN protein expression level,
which were reversed by Egr-1 overexpression (Figure 5A). Meanwhile, pcEgr-1 remarkably increased the protein ex-
pression level of p-Akt and down-regulated the PTEN protein expression level (Figure 5A). These results indicate
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Figure 5. PI3K/PTEN/Akt signaling was a downstream effector of GCN5 in regulating PCa cell proliferation and invasion

Cells were cultured and then treated with IL-6 (20 ng/ml), GCN5 siRNAs (siGCN5), pcDNA 3.1 Egr-1 (pcEgr-1), pcDNA-FLAG-GCN5

(pcGCN5). (A) The protein expression level of p-Akt, Akt, and PTEN were measured using Western blotting assay. (B) The cell

proliferation was tested using MTT assay. (C) The number of invasive cells was counted and analyzed statistically by Matrigel

Invasion Chamber assay. The error bars represent the means +− S.D. of three independent experiments. #P<0.05 compared with

NC. $P<0.05 compared with siGCN5.

that siGCN5 inhibits Akt phosphorylation and activates PTEN. Furthermore, MTT assay results showed that pre-
treatment with the PI3K/Akt inhibitor, LY294002, rivalry suppressed pcGCN5 of IL-6-induced PCa cell proliferation
and invasion (Figure 5B,C).

Discussion
Although patients treated with chemotherapies display characteristic progression, the therapeutics of PCa were still
impeded due to the complex molecular mechanism involved in the carcinogenesis, development, and metastasis of
cancer. Blockade of the IL-6 signaling pathway has been regarded as a target for the therapy in variety of cancers.
Monoclonal antibodies against IL-6 (Siltuximab) and the IL-6 receptor (IL-6R, Tocilizumab) have emerged as poten-
tial immunotherapies [20]. Recent advances in the investigation of cytokines in PCa suggested that IL-6 played an
important role in the progression and metastasis of PCa and benign prostatic hyperplasia [21]. Thus, a deeper un-
derstanding of the involved molecular mechanisms underlying PCa development could help to build more efficient
therapeutic strategies in the battle against PCa. The present study demonstrated that GCN5 is up-regulated in the
IL-6–treated TSU, PC-3, LNCaP, and DU145 cells, which suggested a potential role of GCN5 in IL-6–treated PCa cell
lines.

High expression of GCN5 was found in multiple types of human cancers. Chen et al [16] found that GCN5 was
highly expressed in lung cancer, and its expression was positively linked to tumor size. Besides, overexpression of
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GCN5 significantly promoted cell growth of lung cancer. Majaz et al [22] reported that GCN5 was frequently over-
expressed in human hepatocellular carcinoma tissues and cell lines, and silence of GCN5 inhibited cell proliferation,
cell cycle progression, and xenograft tumor formation. The elevated GCN5 expression was also observed in colon
cancer andurothelial carcinoma, in which GCN5 suppression reduced cell proliferation [18,23]. In the present study,
knockdown of GCN5 prevented IL-6-induced invasion and migration of PCa cells, which was in accordance with the
result of Li et al [17] who reported GCN5 has a positive effect on cell migration in breast cancer. Besides, the study of
Wang et al [24] suggested an involvement of GCN5 in MDC1-regulated cell growth and migration. Activation of an
EMT program has been proposed as the critical mechanism for the acquisition of invasiveness and metastasis. The
present study observed that GCN5 inhibition reversed the accelerative effect of IL-6 on EMT in PCa. It has been well
investigated that IL-6–stimulated metastasis through induction of EMT. Therefore, GCN5 plays an important role in
promoting EMT and metastasis of IL-6 in PCa.

GCN5, as a histone acetyltransferase, has been famous for its function in transcription regulation. Recently, it has
been reported that GCN5 inhibition is able to activate transcription factor Egr-1 in neurone [25]. Egr-1 is an important
regulator of cell proliferation, apoptosis, metastasis, and EMT in the progression of kinds of cancers including PCa
and functions as a tumor suppressor in various of cancers [26–29]. Egr-1 is induced by many different stimuli such
as growth factors, environmental stresses and cytokines [30–32]. Inhibition of Egr-1 has reported to inhibit apoptosis
and enhance cell proliferation of PCa [33,34]. Ma et al [35] indicated that targetted knockdown of Egr-1 inhibited
IL-8-induced tumor colony formation and invasion of PCa. Interestingly, in the present study, we found Egr-1 was
up-regulated by IL-6 stimulation, and inhibition of Egr-1 partly reversed the modulation of GCN5 in cell prolifera-
tion and metastasis of IL-6-induced PCa cells. Therefore, we speculate that GCN5 might promote IL-6-induced cell
proliferation, invasion, migration, and EMT through down-regulating Egr-1 in PCa.

The PI3K/PTEN/Akt signaling is a key regulator of cell proliferation, apoptosis, survival, differentiation, motil-
ity, and metabolism [36]. Accumulating evidences in the literature have shown that the PI3K/PTEN/Akt signaling
pathway is critical regulator in cell apoptosis, proliferation, invasion, metastasis and prognosis of cancers [37,38]. As
a tumor suppressor, PTEN is known as a direct antagonist of PI3K and negatively regulates the Akt signal pathway.
Our findings indicated that knockdown of GCN5 resulted in the down-regulation of p-Akt and up-regulation of
PTEN, which was partly impeded by Egr-1 overexpression. Furthermore, the effect of GCN5 overexpression on cell
proliferation and invasion rivalry suppressed by LY294002, confirming that GCN5 acts its role in PCa partly through
the PI3K/PTEN/Akt signaling pathway.

In conclusion, our results manifested the negative effect of up-regulated GCN5 in IL-6-induced metastasis and
EMT in PCa cells by down-regulating Egr-1through PI3K/PTEN/Akt signaling pathway. These findings elucidate the
anticancer effects of GCN5 in PCa and targetting GCN5 may have the potential to block metastasis.

Author contribution
Conceived and designed the experiments: Guangfeng Shao and Shengtian Zhao. Performed the experiments: Guangfeng
Shao, Yuqiang Liu, Tianjia Ma, Lei Zhang and Mingzhen Yuan. Analyzed the data: Guangfeng Shao. Contributed
reagents/materials/analysis tools: Guangfeg Shao, Yuqiang Liu and Tianjia Ma. Wrote the paper: Guangfeng Shao.

Competing interests
The authors declare that there are no competing interests associated with the manuscript.

Funding
The present study was supported by The Natural Science Foundation of Shandong Province of China [grant number
ZR2015PH023 and grant number ZR2017MH107].

Abbreviations
EMT, epithelial-mesenchymal transition; GCN5, general control non-derepressible 5; IL, interleukin; PCa, prostate cancer;
PTEN, phosphatase and tensin homolog deleted on chromosome ten; PVDF, polyvinylidene fluoride; RT-qPCR, quantitative
reverse transcription PCR.

References
1 Siegel, R., Naishadham, D. and Jemal, A. (2013) Cancer statistics, 2013. CA Cancer J. Clin. 63, 11–30, https://doi.org/10.3322/caac.21166
2 Crowell, P.D. and Goldstein, A.S. (2017) Functional evidence that progenitor cells near sites of inflammation are precursors for aggressive prostate

cancer. Mol. Cell Oncol. 4, e1279723, https://doi.org/10.1080/23723556.2017.1279723

c© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

7

https://doi.org/10.3322/caac.21166
https://doi.org/10.1080/23723556.2017.1279723


Bioscience Reports (2018) 38 BSR20180816
https://doi.org/10.1042/BSR20180816

3 Shafique, K. et al. (2012) Systemic inflammation and survival of patients with prostate cancer: evidence from the Glasgow Inflammation Outcome
Study. Prostate Cancer Prostatic Dis. 15, 195–201, https://doi.org/10.1038/pcan.2011.60

4 Sfanos, K.S. and De Marzo, A.M. (2012) Prostate cancer and inflammation: the evidence. Histopathology 60, 199–215,
https://doi.org/10.1111/j.1365-2559.2011.04033.x

5 Sahin, E. et al. (2016) Resveratrol reduces IL-6 and VEGF secretion from co-cultured A549 lung cancer cells and adipose-derived mesenchymal stem
cells. Tumour Biol. 37, 7573–7582, https://doi.org/10.1007/s13277-015-4643-0

6 Sen, M. et al. (2017) Mechanism of action of selective inhibitors of IL-6 induced STAT3 pathway in head and neck cancer cell lines. J. Chem. Biol. 10,
129–141, https://doi.org/10.1007/s12154-017-0169-9

7 Nguyen, D.P., Li, J. and Tewari, A.K. (2014) Inflammation and prostate cancer: the role of interleukin 6 (IL-6). BJU Int. 113, 986–992,
https://doi.org/10.1111/bju.12452

8 Bharti, R. et al. (2016) Diacerein-mediated inhibition of IL-6/IL-6R signaling induces apoptotic effects on breast cancer. Oncogene 35, 3965–3975,
https://doi.org/10.1038/onc.2015.466

9 Culig, Z. (2014) Proinflammatory cytokine interleukin-6 in prostate carcinogenesis. Am. J. Clin. Exp. Urol. 2, 231–238
10 Rojas, A. et al. (2011) IL-6 promotes prostate tumorigenesis and progression through autocrine cross-activation of IGF-IR. Oncogene 30, 2345–2355,

https://doi.org/10.1038/onc.2010.605
11 Culig, Z. et al. (2016) Breaking a paradigm: IL-6/STAT3 signaling suppresses metastatic prostate cancer upon ARF expression. Mol. Cell Oncol. 3,

e1090048, https://doi.org/10.1080/23723556.2015.1090048
12 Ikeda, K. et al. (1999) Activation domain-specific and general transcription stimulation by native histone acetyltransferase complexes. Mol. Cell. Biol.

19, 855–863, https://doi.org/10.1128/MCB.19.1.855
13 Jin, Q. et al. (2011) Distinct roles of GCN5/PCAF-mediated H3K9ac and CBP/p300-mediated H3K18/27ac in nuclear receptor transactivation. EMBO J.

30, 249–262, https://doi.org/10.1038/emboj.2010.318
14 Robert, T. et al. (2011) HDACs link the DNA damage response, processing of double-strand breaks and autophagy. Nature 471, 74–79,

https://doi.org/10.1038/nature09803
15 Burgess, R.J. et al. (2010) A role for Gcn5 in replication-coupled nucleosome assembly. Mol. Cell 37, 469–480,

https://doi.org/10.1016/j.molcel.2010.01.020
16 Chen, L. et al. (2013) Lysine acetyltransferase GCN5 potentiates the growth of non-small cell lung cancer via promotion of E2F1, cyclin D1, and cyclin

E1 expression. J. Biol. Chem. 288, 14510–14521, https://doi.org/10.1074/jbc.M113.458737
17 Li, L. et al. (2015) The oncoprotein HBXIP promotes migration of breast cancer cells via GCN5-mediated microtubule acetylation. Biochem. Biophys.

Res. Commun. 458, 720–725, https://doi.org/10.1016/j.bbrc.2015.02.036
18 Yin, Y.W. et al. (2015) The histone acetyltransferase GCN5 expression is elevated and regulated by c-Myc and E2F1 transcription factors in human colon

cancer. Gene. Expr. 16, 187–196, https://doi.org/10.3727/105221615X14399878166230
19 Holmlund, T. et al. (2013) GCN5 acetylates and regulates the stability of the oncoprotein E2A-PBX1 in acute lymphoblastic leukemia. Leukemia 27,

578–585, https://doi.org/10.1038/leu.2012.265
20 Kampan, N.C. et al. (2017) Immunotherapeutic Interleukin-6 or Interleukin-6 receptor blockade in cancer: challenges and opportunities. Curr. Med.

Chem., https://doi.org/10.2174/0929867324666170712160621
21 Sakai, I. et al. (2011) Inhibition of tumor growth and sensitization to chemotherapy by RNA interference targeting interleukin-6 in the

androgen-independent human prostate cancer PC3 model. Cancer Sci. 102, 769–775, https://doi.org/10.1111/j.1349-7006.2011.01854.x
22 Majaz, S. et al. (2016) Histone acetyl transferase GCN5 promotes human hepatocellular carcinoma progression by enhancing AIB1 expression. Cell

Biosci. 6, 47, https://doi.org/10.1186/s13578-016-0114-6
23 Koutsogiannouli, E.A. et al. (2017) Differential effects of histone acetyltransferase GCN5 or PCAF knockdown on urothelial carcinoma cells. Int. J. Mol.

Sci. 18, https://doi.org/10.3390/ijms18071449
24 Wang, C. et al. (2015) MDC1 functionally identified as an androgen receptor co-activator participates in suppression of prostate cancer. Nucleic Acids.

Res. 43, 4893–4908, https://doi.org/10.1093/nar/gkv394
25 Wu, Y. et al. (2017) Loss of GCN5 leads to increased neuronal apoptosis by upregulating E2F1- and Egr-1-dependent BH3-only protein Bim. Cell Death

Dis. 8, e2570, https://doi.org/10.1038/cddis.2016.465
26 Bhattacharyya, S. et al. (2013) Egr-1: new conductor for the tissue repair orchestra directs harmony (regeneration) or cacophony (fibrosis). J. Pathol.

229, 286–297, https://doi.org/10.1002/path.4131
27 Kim, S.O. et al. (2007) Induction of Egr-1 is associated with anti-metastatic and anti-invasive ability of β-lapachone in human hepatocarcinoma cells.

Biosci. Biotechnol. Biochem. 71, 2169–2176, https://doi.org/10.1271/bbb.70103
28 Zagurovskaya, M. et al. (2009) EGR-1 forms a complex with YAP-1 and upregulates Bax expression in irradiated prostate carcinoma cells. Oncogene

28, 1121–1131, https://doi.org/10.1038/onc.2008.461
29 Baron, V. et al. (2003) Inhibition of Egr-1 expression reverses transformation of prostate cancer cells in vitro and in vivo. Oncogene 22, 4194–4204,

https://doi.org/10.1038/sj.onc.1206560
30 Khachigian, L.M. and Collins, T. (1997) Inducible expression of Egr-1-dependent genes. A paradigm of transcriptional activation in vascular

endothelium. Circ. Res. 81, 457–461, https://doi.org/10.1161/01.RES.81.4.457
31 Sun, S. et al. (2014) Egr-1 mediates chronic hypoxia-induced renal interstitial fibrosis via the PKC/ERK pathway. Am. J. Nephrol. 39, 436–448,

https://doi.org/10.1159/000362249
32 Ryu, W.I. et al. (2015) IL-33 induces Egr-1-dependent TSLP expression via the MAPK pathways in human keratinocytes. Exp. Dermatol. 24, 857–863,

https://doi.org/10.1111/exd.12788

8 c© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

https://doi.org/10.1038/pcan.2011.60
https://doi.org/10.1111/j.1365-2559.2011.04033.x
https://doi.org/10.1007/s13277-015-4643-0
https://doi.org/10.1007/s12154-017-0169-9
https://doi.org/10.1111/bju.12452
https://doi.org/10.1038/onc.2015.466
https://doi.org/10.1038/onc.2010.605
https://doi.org/10.1080/23723556.2015.1090048
https://doi.org/10.1128/MCB.19.1.855
https://doi.org/10.1038/emboj.2010.318
https://doi.org/10.1038/nature09803
https://doi.org/10.1016/j.molcel.2010.01.020
https://doi.org/10.1074/jbc.M113.458737
https://doi.org/10.1016/j.bbrc.2015.02.036
https://doi.org/10.3727/105221615X14399878166230
https://doi.org/10.1038/leu.2012.265
https://doi.org/10.2174/0929867324666170712160621
https://doi.org/10.1111/j.1349-7006.2011.01854.x
https://doi.org/10.1186/s13578-016-0114-6
https://doi.org/10.3390/ijms18071449
https://doi.org/10.1093/nar/gkv394
https://doi.org/10.1038/cddis.2016.465
https://doi.org/10.1002/path.4131
https://doi.org/10.1271/bbb.70103
https://doi.org/10.1038/onc.2008.461
https://doi.org/10.1038/sj.onc.1206560
https://doi.org/10.1161/01.RES.81.4.457
https://doi.org/10.1159/000362249
https://doi.org/10.1111/exd.12788


Bioscience Reports (2018) 38 BSR20180816
https://doi.org/10.1042/BSR20180816

33 Parra, E., Gutierrez, L. and Ferreira, J. (2014) Association of increased levels of TGF-β1 and p14ARF in prostate carcinoma cell lines overexpressing
Egr-1. Oncol. Rep. 32, 2191–2198, https://doi.org/10.3892/or.2014.3472

34 Parra, E., Ferreira, J. and Ortega, A. (2011) Overexpression of EGR-1 modulates the activity of NF-kappaB and AP-1 in prostate carcinoma PC-3 and
LNCaP cell lines. Int. J. Oncol. 39, 345–352

35 Ma, J. et al. (2009) Targeted knockdown of EGR-1 inhibits IL-8 production and IL-8-mediated invasion of prostate cancer cells through suppressing
EGR-1/NF-kappaB synergy. J. Biol. Chem. 284, 34600–34606, https://doi.org/10.1074/jbc.M109.016246

36 Makker, A., Goel, M.M. and Mahdi, A.A. (2014) PI3K/PTEN/Akt and TSC/mTOR signaling pathways, ovarian dysfunction, and infertility: an update. J.
Mol. Endocrinol. 53, R103–18, https://doi.org/10.1530/JME-14-0220

37 Li, L. et al. (2017) Notoginsenoside R7 suppresses cervical cancer via PI3K/PTEN/Akt/mTOR signaling. Oncotarget 8, 109487–109496,
https://doi.org/10.18632/oncotarget.22721

38 Peng, J. et al. (2018) Genetic variations in the PI3K/PTEN/AKT/mTOR pathway predict tumor response and disease-free survival in locally advanced
rectal cancer patients receiving preoperative chemoradiotherapy and radical surgery. J. Cancer 9, 1067–1077, https://doi.org/10.7150/jca.23538

c© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

9

https://doi.org/10.3892/or.2014.3472
https://doi.org/10.1074/jbc.M109.016246
https://doi.org/10.1530/JME-14-0220
https://doi.org/10.18632/oncotarget.22721
https://doi.org/10.7150/jca.23538

