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K-Ras-ERK1/2 accelerates lung cancer cell development via mediating
H3K18ac through the MDM2-GCN5-SIRT7 axis
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ABSTRACT
Context: H3K18ac is linked to gene expression and DNA damage. Nevertheless, whether H3K18ac partici-
pates in regulating Ras-ERK1/2-affected lung cancer cell phenotypes remains unclear.
Objective: We explored the effects of H3K18ac on Ras-ERK1/2-affected lung cancer cell phenotypes.
Material and methods: NCI-H2126 cells were transfected with, pEGFP-K-RasWT and pEGFP-K-RasG12V/T35S

plasmids for 48 h, and transfection with pEGFP-N1 served as a blank control. Then H3K18ac and AKT
and ERK1/2 pathways-associated factors were examined. Different amounts of the H3K18Q (0.5, 1, and
2 lg) plasmids and RasG12V/T35S were co-transfected into NCI-H2126 cells, cell viability, cell colonies
and migration were analyzed for exploring the biological functions of H3K18ac in NCI-H2126
cells. The ERK1/2 pathway downstream factors were detected by RT-PCR and ChIP assays. The regula-
tory functions of SIRT7, GCN5 and MDM2 in Ras-ERK1/2-regulated H3K18ac expression were
finally uncovered.
Results: RasG12V/T35S transfection decreased the expression of H3K18ac about 2.5 times compared with the
pEGFP-N1 transfection group, and activated ERK1/2 and AKT pathways. Moreover, H3K18ac reduced cell
viability, colonies, migration, and altered ERK1/2 downstream transcription in NCI-H2126 cells.
Additionally, SIRT7 knockdown increased H3K18ac expression and repressed cell viability, migration and
the percentage of cells in S phase by about 50% compared to the control group, as well as changed
ERK1/2 downstream factor expression. Besides, Ras-ERK1/2 decreased H3K18ac was linked to MDM2-regu-
lated GCN5 degradation.
Conclusion: These observations disclosed that Ras-ERK1/2 promoted the development of lung cancer via
decreasing H3K18ac through MDM2-mediated GCN5 degradation. These findings might provide a new
therapeutic strategy for lung cancer.
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Introduction

Lung cancer is one of the most common and catastrophic can-
cers with high morbidity and mortality (Zhang et al. 2014), lead-
ing to about 1.8 million and 1.6 million deaths per year (Hirsch
et al. 2017). Lung cancer diagnosed at an advanced stage often
has a poor survival rate, and is a primary cause of cancer-related
death (Hussain 2016). With the development of technology, a
deeper understating of lung cancer has been obtained. However,
there is still no effective therapeutic strategy for lung cancer due
to the complex pathological mechanism and metastatic disease
(Hensing et al. 2014). Nowadays, considerable attention has
turned to epigenetics to look for potential mechanisms.

The Ras pathway has been discovered to be closely linked to
the occurrence and development of human cancers, including
lung cancer (Zhao et al. 2015; Baietti et al. 2016). K-RasG12 is a
common signaling pathway, often studied as an oncogenic gene
(Voisset et al. 2013). Previous literature reported that the main
downstream factors of Ras signaling included extracellular regu-
lated protein kinases (ERK)1/2, phosphatidylinositol 30-kinase
(PI3K), and Ras-like (Ral) 2 guanine nucleotide exchange factors
(RalGEFs) (Yang et al. 2012; Cooper et al. 2013; Niu et al. 2015),

which can be continuously activated by Ras. Activation of ERK1/
2 has been shown to be associated with advanced and aggressive
lung cancer (Vicent et al. 2004). Even though the Ras pathway is
well-known to be linked to human cancer, the exact mechanism
is still not well established.

In the field of epigenics, histone modification has become an
important research topic (Lawrence et al. 2016). It is well known
that eukaryotic DNA is wrapped by histone octamers, which is
made of four different histones, including H2A, H2B, H3 and
H4 (Shim et al. 2012). Interestingly, every histone has tails that
can be modified, and thereafter to affect various kinds of bio-
logical processes, such as chromatin compaction, nucleosome
dynamics and transcription (Lawrence et al. 2016). Importantly,
many studies have shown that histone modification was involved
in mediating tumor development, including lung cancer (Hattori
and Ushijima 2014; Sundar and Rahman 2016). Histone H3
acetylation is often observed in multiple cancers because of
the different acetyl points on lysine residues (Rodrigues et al.
2017). For instance, histone H3 lysine 23 acetylation (H3K23ac)
is intimately related to poor prognosis in breast cancer (Ma
et al. 2016). H3K18ac has been shown to be linked to several
biological processes, such as mitosis and cellular senescence
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(Tasselli et al. 2016). Furthermore, previous studies disclosed
that Sirtuin7 (SIRT7) and H3K18 acetylation were involved in
mediating protein biosynthesis and maintaining tumor pheno-
types (Martinez-Redondo et al. 2012). Therefore, we inferred
that H3K18ac might also play important roles in lung cancer.

In our research, we explored the relationship between the
Ras-ERK1/2 pathway and H3K18ac in lung cancer NCI-H2126
cells. Additionally, the functions of H3K18ac in cell viability, colo-
nies, migration and the underlying mechanisms were probed in
NCI-H2126 cells. The research might provide new insight for the
treatment of lung cancer.

Materials and methods

Cell culture

NCI-H2126 cells (ATCCVR CCL-256TM) were obtained from
American Type Culture Collection (ATCC, Rockville, USA).
Cells were maintained at 37 �C in an incubator comprising 5%
CO2 in Dulbecco’s modified Eagle medium (DMEM, Gibco
Laboratorties, Grand Island, NY) with 100 units/mL penicillin,
100lg/mL streptomycin and 5% fetal bovine serum (FBS, Life
Science, UT, USA).

Plasmid construction and siRNA

The pEGFP-N1, pEGFP-K-RasWT and pEGFP-K-RasG12V/T35S

plasmids were transfected into NCI-H2126 cells. Meanwhile,
transfection with specific gene with HA-tag was used for screen-
ing out the target factor through western blot. pEGFP-K-
RasG12V/T35S plasmid was mutated by site-directed mutagenesis.
SiRNAs, which were using interference RNA to silence the target
RNA of mouse double minute 2 homolog (MDM2) or SIRT7
were produced by Shanghai GenePharma (Shanghai, China).
These vectors were named as si-MDM2, si-SIRT1 and si-SIRT2,
respectively. The plasmids of MDM2-His and MDM2-MU were
acquired from Abace Biotechnology Co., Ltd. (Beijing, China).
The pEGFP-H3K18Q construct was constructed through utilizing
the TaKaRa MutanBEST Kit (TaKaRa, Shiga, Japan), as recom-
mend by the manufacturer. Different amounts of the H3K18Q

(0.5, 1, and 2 lg) were utilized for cell transfection in the next
experiments.

Transfection

NCI-H2126 cells at a density of 5� 105 per well were cultured in
6-well plates for 12 h. These cells were then transfected with the
above-mentioned plasmids or siRNA through adopting
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). After
transfection for 48 h, RT-PCR and/or western blots were exe-
cuted to determine the transfection efficiency.

Cell viability

MTT [3-(4, 5-dimethyl thiazol-2-yl)-2, 5-diphenyl tetrazolium
bromide, Sigma-Aldrich, St. Louis, MO, USA] was utilized for
the detection of cell viability. After cultivation for 48 h, 20mL
MTT (5mg/mL) were added into each well, and then NCI-
H2126 cells were cultivated with MTT solution for another 4 h at
37 �C. Afterward, 100lL dimethyl sulfoxide (DMSO, Sigma-
Aldrich) were added to lyse formazan crystal and then the

absorbance was read at 570 nm utilizing a multiwell spectropho-
tometer (Emax; Molecular Devices, Sunnyvale, CA, USA).

Reverse transcription polymerase chain reaction (RT-PCR)

RT-PCR assay was performed according to a previous report
(Bustin 2002). Total RNA was obtained and isolated from trans-
fected NCI-H2126 cells through utilizing TRIzol reagent
(Invitrogen). DNase-I-treated 1lL total RNA was supplied for
first-strand cDNA synthesis by M-MuLV reverse transcriptase
(Fermentas, York, UK) and oligo-dT primers (Invitrogen).
QuantiTect SYBR Green PCR Kit (Qiagen, Hilden, Germany)
was used to amplify the target sequence. GAPDH served as an
internal control for detecting RNA expression (triplicate
experiments).

Soft-agar colony formation assay

Soft-agar formation assay was executed for the detection of col-
ony formation ability (Horibata et al. 2015). NCI-H2126 cells
were firstly suspended in the full culture medium with 0.35%
low-melting agarose. Subsequently, these cells (1� 103 cells/well)
were transferred into solidified 0.6% agarose in six-well culture
plates. After cultivation for 3-4weeks, the number of the colonies
was determined utilizing a microscope (40�, Olympus,
Tokyo, Japan).

Transwell migration assay

After transfection with the correlative plasmids, cell migration
was evaluated by exploiting a modified two-chamber migration
Transwell (Corning Costa, NY, US) with a pore size of 8 lm.
The 100lL cell suspension (2� 105 cells/mL) without serum was
added to the upper compartment. Then, 600lL culture medium
with 10% FBS was added in the lower compartment of a 24-well
Transwell. Subsequently, NCI-H2126 cells were cultivated for
24 h at 37 �C with humidified air and 5% CO2. After incubation,
the un-migrated cells at the upper surface of the filter were
removed with a cotton swab, meanwhile the migrated cells at the
lower surface of the filter were fixed with methanol for 5min
and stained with 0.1% Giemsa (Sigma-Aldrich) for 15min. These
cells were counted by employing a microscope (Olympus). The
OD-values of these migrated cells were finally determined utiliz-
ing a multiwell spectrophotometer (Emax; Molecular Devices)
at 570 nm.

Western blot

Western blot was executed to detect protein expression. Total pro-
tein was obtained from transfected NCI-H2126 cells via utilizing
RIPA lysis buffer (Cat. No：R0010, Solarbio, Beijing, China) sup-
plemented with protease inhibitors (Thermo Fisher Scientific,
Rockford, IL). The BCATM Protein Assay Kit (Pierce, Appleton,
WI, USA) was used for the detection of protein concentrations.
The western blot system was established using a Bio-Rad Bis-Tris
Gel system following the manufacturer’s instructions. Primary anti-
bodies of anti-Histone H3 (acetyl K18) antibody (ab40888), anti-
Histone H3 antibody (ab176842), anti-p-ERK1/2Thr202 antibody
(ab223500), anti-ERK1/2 antibody (ab115799), anti-p-AKT anti-
body (ab38449), anti-AKT antibody (ab8805), anti-Ras antibody
(ab52939), anti-HA antibody (ab20084), anti-GFP antibody
(ab6556), anti-General control of nucleotidesynthesis 5 (GCN5)
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anti-body (ab217876), anti-His (ab83831), MDM2 (ab226939) and
b-actin (ab16039, Abcam, Cambridge, UK) were prepared and
diluted according to the product instruction. These primary anti-
bodies were incubated with membrane and maintained at 4 �C
overnight at recommended concentration. Afterward, the mem-
branes were incubated with horseradish peroxidase (HRP) conju-
gated second antibody (ab205718, Abcam) for an extra 2h at
indoor temperature. Western Blotting Luminol Reagent (Santa
Cruz Biotechnology, CA, USA) was performed to capture the sig-
nals and the intensity of the bands was quantified via adopting
Image LabTM Software (Bio-Rad, Shanghai, China).

Flow cytometric analysis of cell cycle distribution

NCI-H2126 cells were cultured until reaching 75–80% conflu-
ence, and then cells were washed by PBS to remove the non-
adherent cells. After transfection with the related plasmids, these
cells were washed with PBS again and were fixed with cold 70%
ethanol. After that, cells were stained with 4, 6-diamidino-2-phe-
nylindole (DAPI) (Partec, Germany) for 30min keeping in dark-
ness. Flow cytometry (Becton Dickinson, San Jose, CA, USA)
was utilized for detecting cell cycle distribution. The percentage
of cells in the G0/G1, S and G2/M phases of cell cycle
was calculated.

Chromatin immunoprecipitation (ChIP)

NCI-H2126 cells were cultured and transfected, then cells were
fixed in 1% formaldehyde for 10min at room temperature, and
subsequently rinsed twice with PBS, meanwhile lysed with SDS
lysis buffer (Beyotime). Afterward, these above lysates were sub-
jected to an ultrasonic bath for sonication (Bioruptor,
Diagenode, Belgium). After centrifugation at 15,000� g for
10min, the supernatants were diluted with ChIP dilution buffer
(Upstate Biotechnology, Lake Placid, NY, USA) and then were
immunoprecipitated with anti-H3K18ac (2lg, ab1191, Abcam) all
night long at 4 �C. The normal anti-IgG antibody (2lg, ab2410,
Abcam) was regarded as a control of immunoprecipitation. The
dynabeads were washed with in low-salt for 5min at 4 �C, in the
meantime were washed twice in 1�TE (Upstate Biotechnology)
for 2min at room temperature. The DNA eluted from the beads
according to previous literature (Schulz and Haussler 2014).

After that, the purified DNA was used for PCR amplification at
the CYR61, IGFBP3, WNT16B, NT5E, GDF15,
CARD16 promoters.

Statistical analysis

All the data in this research were analyzed by Graphpad 6.0 stat-
istical software (GraphPad, San Diego, CA, USA) and the data
were presented as meanþ SD. The statistical analyses were per-
formed using the one-way ANOVA followed by Duncan post hoc
multiple comparisons. �p< 0.05, ��p< 0.01 and ���p< 0.001
were considered to be significant consequences.

Results

H3K18ac was reduced by Ras-ERK1/2 pathway

Ras/ERK pathway has been observed to be linked to lung cancer
(Cheng et al. 2015). In the current study, NCI-H2126 cells were
transfected with pEGFP-N1, pEGFP-K-RasWT and pEGFP-K-
RasG12V/T35S plasmids. In Figure 1(A), we discovered that trans-
fection with RasG12V/T35S significantly reduced the expression
level of H3K18ac about 2.5 times as compared with that transfec-
tion with pEGFP-N1 group (p< 0.01). Furthermore, we found
that transfection with RasG12V/T35S activated p-ERK1/2 expression
and activated p-AKT expression (Figure 1(B)), hinting that
RasG12V/T35S could simultaneously activate AKT and ERK path-
ways. These observations indicated that H3K18ac expression was
indeed specifically reduced by the Ras-ERK1/2 pathway.

H3K18ac participated in regulating the functions of Ras-ERK1/
2 in lung cancer cell phenotypes

It is well-known that histone modification can influence cell
growth and cell metastasis (Jiao et al. 2014). In the current study,
we constructed H3K18Q plasmid to mimic the situation of the
acetylation of H3K18 and the mimicked H3K18Q plasmid at differ-
ent amounts of 0.5, 1 and 2 lg was co-transfected with
RasG12V/T35S plasmid into NCI-H2126 cells. Thereafter, we exam-
ined the functions of acetylation of histone H3K18 in lung cancer
cell viability, cell colony ability and cell migration. Results
showed that Ras-ERK1/2 activation significantly increased cell
viability about three times (p< 0.01), while transfection with

Figure 1. H3K18ac expression was reduced by the Ras-ERK1/2 pathway. NCI-H2126 cells were transfected with pEGFP-N1, pEGFP-K-RasWT (RasWT), pEGFP-K-RasG12V/T35S

(RasG12V/T35S) plasmids. (A and B) The expression levels of H3K18ac, Ras and the factors of AKT and ERK pathways were then measured by western blots. Data pre-
sented as meanþ SD, �� p< 0.01 (n¼ 3).
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H3K18Q reduced cell viability in a concentration-dependent man-
ner (p< 0.01, Figure 2(A)). This result suggested that Ras-ERK1/
2 had the ability to increase cell viability, while H3K18Q explained
a suppressive function in cell viability. In addition, the number
of colonies (p< 0.01, Figure 2(B)) and cell migration (p< 0.01,
Figure 2(C)) both revealed the similar trend by the Ras-ERK1/2
pathway, which was reversed by H3K18Q. Taken together, these
results suggested that H3K18ac restrained Ras-ERK1/2-triggered
acceleration of cell proliferation and migration in NCI-
H2126 cells.

H3K18ac participated in mediating the downstream factors of
the ERK1/2 pathway

Ras-ERK1/2 pathway is a complex and exact regulation pathway,
which is modulated by diverse downstream factors (Harada et al.
2015). We next probed the expression of these correlative
important downstream factors of CYR61 (Xu et al. 2009),
IGFBP3 (Guo et al. 2016), WNT16B (Johnson et al. 2013), NT5E
(Wang et al. 2018), GDF15 (Li et al. 2016), CARD16 (Karasawa
et al. 2015), which were all involved in mediating tumor cell
growth and metastasis. We observed that, transfection with
RasG12V/T35S obviously increased CYR61 (p< 0.01), IGFBP3
(p< 0.01) and WNT16B (p< 0.01) expression by less than 50%,
while reducing NT5E (p< 0.01), GDF15 (p< 0.01) and CARD16
expression by less than 50% (p< 0.01, Figure 3(A)). On the other

hands, co-transfection with RasG12V/T35S and H3K18Q showed the
opposite trend in the expression levels of these factors relative to
transfection with the RasG12V/T35S group (p< 0.01, Figure 3(A)).
In addition, ChIP assay results revealed the reduced input levels of
H3K18ac in these gene promoter regions (all p< 0.01, Figure 3(B)).
Taken together, the above-mentioned results corroborated that
H3K18ac participated in modulating the transcription of the
ERK1/2 downstream factors.

Knockdown of SIRT7 mediated H3K18ac expression and
recovered Ras-ERK1/2-affecting lung cell phenotypes

From a former report, we understand that SIRT7 is an NAD±-
dependent H3K18ac deacetylase, which has potential functions in
transforming the cancer cell state (Barber et al. 2012). Therefore,
we next probed the impact of increasing H3K18ac triggered by
SIRT7 silence on NCI-H2126 cell phenotypes. RT-PCR and west-
ern blot were both conducted to determine the transfection effi-
ciency when NCI-H2126 cells were transfected with si-SIRT7-1
and si-SIRT7-2, respectively. Results in Figure 4(A) showed that
transfection with si-SIRT7-1 and si-SIRT7-2 both decreased
SIRT7 expression in mRNA level in NCI-H2126 cells. In add-
ition, transfection with si-SIRT7-1/-2 reversed the declined
expression of H3K18ac triggered by Ras-ERK1/2 in NCI-H2126
cells. Meanwhile, we observed that transfected with si-SIRT7-1
and si-SIRT7-2 both hindered activation of the ERK1/2 and AKT

Figure 2. H3K18ac was involved in regulating the functions of Ras-ERK1/2 signaling pathway in lung cancer cell phenotypes. NCI-H2126 cells were transfected with
pEGFP-N1, pEGFP-H3, pEGFPH-RasG12V/T35S, or pEGFP-H3K18Q (0.5, 1 and 2lg) (indicated as GFP, H3, Ras and H3K18Q, respectively) plasmids. (A) Cell viability, (B) num-
bers of colonies and (C) cell migration were determined by MTT assay, soft agar formation, and Transwell assays, respectively. Data presented as meanþ SD,��p< 0.01 (n¼ 3).
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pathways. We then further detected the effects of transfection
with si-SIRT7-1/2 on cell viability, cell migration, cell cycle stages
and relative mRNA levels of ERK1/2 downstream factors. Results
disclosed that co-transfection with RasG12V/T35S and si-SIRT7-1/2
decreased cell viability (p< 0.01), migration (p< 0.01) and the
percentage of NCI-H2126 cells in S phase about 50% as com-
pared with transfection with RasG12V/T35S alone (Figure 4(B–D)).
Furthermore, co-transfection with RasG12V/T35S and si-SIRT7-1/2
also changed the mRNA expression of the downstream factors
of ERK1/2 pathway as compared with transfection with
RasG12V/T35S alone in NCI-H2126 cells (p< 0.05, p< 0.01 or
p< 0.001, Figure 4(E)). These investigations hinted that knock-
down of SIRT7 reversed Ras-ERK1/2-evoked decrease of H3K18ac,
meanwhile impeded the tumor-promoting functions of Ras-
ERK1/2 in NCI-H2126 cells.

Activation of Ras-ERK1/2 triggered GCN5 degradation to
reduce H3K18ac expression

GCN5 has an acetyl-lysine binding bromodomain module,
which can regulate nucleosomal acetylation in vitro, as well
as site-specificity of lysine acetylation on histone H3

(Cieniewicz et al. 2014). Further experiments were carried out to
explore the exact mechanism of how GCN5 affected the acetyl-
ation of H3K18. Results from Figure 5(A) showed that no obvious
difference was observed in the mRNA expression of GCN5 and
SIRT7 in the pEGFP-N1 and RasG12V/T35S groups, which sug-
gested that GCN5 expression level was unaffected by RasG12V/T35S

at the transcription level. Afterwards, we found that the protein
level of SIRT7 was not different (Figure 5(B)), while GCN5 pro-
tein level was significantly decreased in the group RasG12V/T35S

relative to the pEGFP-N1 group (Figure 5(C)). Combined with
the result from Figure 5(B,C), we inferred that the expression of
GCN5 regulated by RasG12V/T35S was at the translation level.
Moreover, we observed that SIRT7 and GCN5 both activated the
ERK1/2 and AKT pathways in NCI-H2126 cells. Interestingly,
results in Figure 5(D) confirmed that GCN5 and H3K18ac expres-
sion had a similar trend in RasG12V/T35S group. Further results
showed that RasG12V/T35S reduced the recruitment of GCN5 to the
promoters of ERK1/2 downstream genes (CYR61, IGFBP3,
WNT16B, NT5E, GDF15 and CARD16) (Figure 5(E)). Moreover,
proteasome inhibitor MG132 administration made the changes of
GCN5 expression by RasG12V/T35S disappear, which indicated high
inhibition of GCN5 (Figure 5(F)). Afterwards, we found that with-
out MG132 administration, the expression levels of H3K18ac were
decreased with delayed transfection times (24, 48, 51, 54 and 60 h)
in NCI-H2126 cells (Figure 5(G)). On the other hand, with the
MG132 supplement, the decreased expression level of H3K18ac

by RasG12V/T35S was abolished. Instead, the expression level of
H3K18ac was increased after administration with MG132 at differ-
ent time points (0, 3, 6 and 12 h) (Figure 5(H)). The similar
phenomenon was presented in p-ERK1/2 and p-AKT expression
in NCI-H2126 cells. Taken together, these findings indicated that
RasG12V/T35S pathway affected the expression level of H3K18ac

through the GCN5.

Activation of Ras-ERK1/2 degraded GCN5 via
modulating MDM2

It is well validated that histone modification is mediated by
MDM2 in various cells (Minsky and Oren 2004). Further experi-
ments were performed to explore if the mechanism of MDM2
was involved in the regulation of GCN5 on H3K18ac expression.
After co-transfection with RasG12V/T35S and GCN5 with tagged
HA, we found that GCN5 expression was decreased with
increasing amounts of MDM2 (0.5, 1 and 2lg, Figure 6(A,B)).
The results indicated that there might be a negative relationship
between MDM2 and GCN5. Likewise, the ascending p-AKT and
p-ERK1/2 triggered by GCN5 were both reduced with increasing
amounts of MDM2 (0.5, 1 and 2lg). After transfection with
MDM2-MU, the decreased GCN5 was notably recovered
(Figure 6(C)), which further strongly suggested that there was a
close negative relationship between MDM2 and GCN5. We
thereafter determined the relationship between MDM2 and
H3K18ac, and the results in Figure 6(E) showed that transfection
with RasG12V/T35S inhibited H3K18ac while up-regulated MDM2
expression in NCI-H2126 cells. Then transfection with si-MDM2
to silence MDM2 (Figure 6(F)), and we found that
transfection with si-MDM2 enhanced the expression of H3K18ac

in NCI-H2126 cells (Figure 6(G)). These results disclosed that
RasG12V/T35S triggered reduction of H3K18ac might be through
MDM2-mediated GCN5 degradation in NCI-H2126 cells.

Figure 3. The transcription of Ras-ERK1/2-targeted genes was mediated by
H3K18ac. (A) The mRNA levels of ERK1/2 downstream genes (CYR61, IGFBP3,
WNT16B, NT5E, GDF15 and CARD16) were tested via RT-PCR after transfection
with the corrective plasmids. (B) The transcription of these above-mentioned
genes was detected through using ChIP after transfection with the related plas-
mids. Data presented as meanþ SD, ��p< 0.01 (n¼ 3).
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Discussion

Lung cancer is the leading cause of cancer-related deaths world-
wide with the 5-year survival rate consistently less than 7% (Del
Vescovo and Denti 2015; Semenova et al. 2015). Poor outcomes
and high mortality motivated researchers to pay attention to
explore the potential pathogenesis of lung cancer. In our study,
we investigated the effects of H3K18ac and Ras-ERK1/2 pathway
on NCI-H2126 cell phenotype. Results showed that Ras-ERK1/2
played a role as a switch for the acetylation of H3K18.
Additionally, H3K18ac affected cell viability, cell colonies and cell
migration as well as regulated the transcription of ERK1/2 down-
stream genes by regulating SIRT7 and GCN5. Outside of these,
Ras-ERK1/2 decreased H3K18ac might be associated with MDM2-
mediated GCN5 degradation.

Histone modification is mainly divided into acetylation,
methylation, phosphorylation and ubiquitylation, which becomes
a dominating reason causing aberrant gene damage and is also a
hallmark of human cancer development (Lippman et al. 2005).
The Ras pathway has been shown to be involved and play
important roles in diverse human cancers, such as colorectal can-
cer (Rui et al. 2015) and colon cancer (Goel et al. 2015).
Furthermore, activated Ras-ERK1/2 pathway often discovered in
multiple human cancers (Samatar and Poulikakos 2014). In our

study, we found that transfection with RasG12V/T35S decreased the
accumulated level of H3K18ac, while activated ERK pathway,
which suggested that Ras-ERK1/2 might play a vital role in regu-
lation of H3K18ac expression and further influence other
cell activities.

Cell metastasis is one main reason for lack of cancer control
and ultimately causing death (Chaffer and Weinberg 2011). Cell
viability, colony formation and migration are three important
aspects, which can reveal cell growth and metastasis. Therefore,
we investigated the functions of RasG12V/T35S and H3K18ac in cell
viability, colonies and migration. Results demonstrated that Ras-
ERK1/2 increased cell viability, colonies and migration, which
was consistent with the previous report that inactivation of Ras-
ERK1/2 suppressed lung tumor progression (Jiang et al. 2018).
However, the promoting trends were inhibited by transfection
with H3K18ac, which indicated that H3K18 might inhibit the
tumorigenic impacts of Ras-ERK1/2 in lung cancer cells.
Additionally, the down-stream genes of ERK1/2 (CYR61, IGFBP3,
WNT16B, NT5E, GDF15 and CARD16) were further investigated
to uncover the underlying mechanisms. We discovered that
H3K18ac could modulate the transcription of these ERK1/2 down-
stream genes. These above-involved explorations further verify
the involvement of H3K18ac in the development of lung cancer.

Figure 4. Knockdown of SIRT7 adjusted H3K18ac expression and mediated Ras-ERK1/2-affecting lung cell phenotypes. (A) After si-SIRT7-1 and si-SIRT7-2 plasmids trans-
fection, the expression levels of SIRT7, Ras, AKT and ERK1/2 pathway associated factors were detected through RT-PCR and western blot. NCI-H2126 cells were co-
transfected with pEGFP-K-RasG12V/T35S or pEGFP-N1 plasmids and SIRT7-specific siRNA or control siRNA as indicated (Ras, GFP, si-SIRT7-1, si-SIRT7-2, or si-con, respect-
ively). (B) Cell viability, (C) cell migration, (D) cell cycle progression and (E) ERK1/2 downstream genes were examined by MTT assay, Transwell, flow cytometry and
RT-PCR assays. Data presented as meanþ SD, �p< 0.05, ��p< 0.01, ���p< 0.001 (n¼ 3).
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SIRT7 is a histone deacetylase of H3K18ac, which has been
confirmed to influence gastric cancer cell growth and cell apop-
tosis (Zhang et al. 2015). According to this report, we inferred
that SIRT7 might play a role in lung cancer cells through regu-
lating H3K18ac expression. As expected, we discovered that SIRT7
silencing restored Ras-ERK1/2-decreased H3K18ac expression, as
well as decreased cell viability, migration and the percentage of
cells at S phase, meanwhile altered the downstream factors of
ERK1/2 at the mRNA level. These results were consistent with a
previous study that SIRT7 promoted ovarian cancer cell viability
and SIRT7 knockdown induced cell apoptosis (Wang et al.
2015). These findings indicated that SIRT7 might be a pivotal
adjustor in Ras-ERK1/2 and H3K18ac affected NCI-H2126 cells.
What’s more interesting, we discovered that SIRT7 silence
restrained the activations of ERK1/2 and AKT pathways.
According to this, we speculated that the functions of SIRT7
silence in NCI-H2126 cells might be associated with the regula-
tion of ERK1/2 and AKT pathways. Further research is still
needed to confirm this speculation.

GCN5 is a histone H3 acetylase, which has been reported to
be involved in the progression of H3 acetylation (Burgess et al.
1999). Interesting research disclosed that GCN5 degradation was
linked to the acetylation of H3K56 (Li et al. 2012). Therefore, we
hypothesized that GCN5 might be also involved in the progress
of acetylation of H3K18. Interestingly, we found that GCN5 func-
tions at the translational level. Further research uncovered that
activation of Ras-ERK1/2 induced GCN5 degradation to decrease
H3K18ac in NCI-H2126 cells. MDM2 is frequently observed in
human cancers and also related to histone acetylation (Nihira
et al. 2017). In our study, the correlative result demonstrated
that Ras-ERK1/2 activation degraded GCN5 through up-regula-
tion of MDM2. Taken together, the whole cascade process might
be Ras-ERK1/2 activation evoked the declined H3K18ac expression
through MDM2-regulated GCN5 degradation in NCI-
H2126 cells.

To our best knowledge, the relationship between SIRT7 and
GCN5 has not been reported in existing research. In our
research, we discovered that SIRT7 silence recovered Ras-ERK1/

Figure 5. Ras-ERK1/2 activation degraded GCN5 to decline H3K18ac expression. (A) NCI-H2126 cells were transfected with pEGFP-K-RasG12V/T35S, pEGFP-N1, and GCN5-
HA or SIRT7-HA plasmids. After transfection, the mRNA levels of GCN5 and SIRT7 were detected by RT-PCR. (B-D) The protein levels of GCN5, SIRT7, H3K18ac, Ras and
AKT and ERK1/2 pathways associated factors were analyzed by western blot. (E) The recruitment of GCN5 to the ERK1/2 downstream genes was analyzed via ChIP
analysis. (F) After treatment with MG132 (25lM), the GCN5, Ras, and AKT and ERK1/2 pathways associated factors protein levels were analyzed by western blot with
antibodies against HA and GFP. (G-H) After 24, 48, 51, 54, and 60 h transfection without MG132 treatment or 48 h transfection with MG132 treatment (25lM, 0, 3, 6,
and 12 h), the protein levels of H3K18ac, Ras and AKT and ERK1/2 pathways associated factors were analyzed by western blot. Data presented as meanþ SD, �p< 0.05,��p< 0.01 (n¼ 3).
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2-decreased H3K18ac expression, and restrained the carcinogenesis
of Ras-ERK1/2 in NCI-H2126 cells. Moreover, Ras-ERK1/2
decreased H3K18ac was linked to GCN5 degradation. Therefore,
we speculated that SIRT7 might affect GCN5 degradation,
thereby influencing Ras-ERK1/2-regulated H3K18ac expression, as
well as affecting lung cancer cell phenotypes. However, further
research is still needed for confirmation.

Conclusions

These results demonstrated that Ras-ERK1/2 activation regulated
lung cancer cell biological processes via suppression of H3K18ac.
The processes might be modulated by SIRT7 and MDM2-GCN5
axis. This research might provide novel insight in the relationship
between histone modification and the treatment of lung cancer.
Nevertheless, the relationship between SIRT7 and GCN5 is still not
shown in this research. Additionally, the wide impact of Ras-ERK1/
2-H3K18ac axis in lung cancer is worthy for further investigation.
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