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Purpose: This study is aimed to investigate the combined treating efficacy of sodium
butyrate and docetaxel on proliferation and apoptosis of the lung adenocarcinoma A549
cell line based on Glil regulation in vitro and in vivo.

Materials and Methods: RNA interference method was used to overexpress Glil in A549
cells. Cells were treated with varying concentrations of sodium butyrate, docetaxel or both in
combination. CCK-8, colony formation assay, Hoechst 33258 staining, flow cytometry and
TUNEL assay were employed to detect proliferation, cell cycle and apoptosis. qRT-PCR and
Western blot analysis were applied to detect the mRNA and protein expression of Glil. In
vivo tumorigenicity was detected by tumor transplantation in nude mice. Downstream
protein levels of Glil were detected using Western blot assay.

Results: It was found that sodium butyrate or docetaxel alone, respectively, inhibited
proliferation and promoted apoptosis of A549 cells in vitro and in vivo, while the combina-
tion of the two generated significantly higher responses, which were also effective in another
lung adenocarcinoma cell line H1299. Furthermore, the combined therapy had an additive
effect in suppressing Glil expression and regulating the expression of its downstream
proteins that involve in proliferation, cell cycle and apoptosis of A549 cells in vitro and
in vivo, including decreased protein expression of Ki-67, CDK1, CDK2, Cyclin D1, Bcl-2
and Survivin, and increased protein expression of Cyclin A, p21, Bax and cleaved-Caspase 3.
On the other hand, Glil overexpression perceptibly reversed the above-mentioned additive
effect in vitro and in vivo.

Conclusion: This study demonstrates that the combined therapy of sodium butyrate and
docetaxel additively inhibits proliferation and promotes apoptosis of A549 lung adenocarci-
noma cells via suppressing Glil expression in vitro and in vivo. Targeting Glil by the
combined therapy may provide new insights into the therapeutic management of patients
with lung adenocarcinoma.
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Introduction

Lung cancer is the most common malignancy and the leading cause of cancer-
related death.'” Compared to the other histological types of non-small cell lung
cancer (NSCLC), the proportion of lung adenocarcinoma has dramatically
increased, reaching 60% recently.® Unfortunately, approximately 70% of NSCLC
are diagnosed at late and advanced stage.'* For this population, systemic che-
motherapy is one of the essential and standard treatment strategies.” The standard
cytotoxic chemotherapy regimens represented by docetaxel in combination with
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platinum in NSCLC first-line therapy have demonstrated
appreciably efficacy. However, the treatment outcome of
advanced NSCLC remains sub-optimal. Owing to the
adverse effects of chemotherapy agents, it is merely
impossible to improve the therapeutic efficacy by simply
increasing the dosage. Therefore, the combination of an
effective and low-toxic agent to chemotherapeutic agents
becomes a feasible method to further improve the treat-
ment efficacy.

Sodium butyrate (SB) is a histone deacetylase (HDAC)
inhibitor that has been shown to inhibit proliferation, pro-
mote apoptosis, and delay invasion as well as metastasis of
tumor cells in a variety of cancers, including hepatocellu-
lar carcinoma,® breast cancer,’ gastric cancer,® bladder
cancer,” colorectal cancer,'® chronic myeloid leukemia,11
lung cancer,'? etc. Recently, Xiao and co-workers reported
that Sodium butyrate-activated TNF receptor-associated
(TRAF6)-thioredoxin-interacting
(TXNIP) pathway affects lung adenocarcinoma cell line

factor 6 protein
A549 proliferation and migration,'? suggesting that
sodium butyrate has an effective therapeutic effect on
lung adenocarcinoma. As a simple molecular structure
agent notably produced in large amounts from the dietary
fiber in the gut, sodium butyrate combined with che-
motherapy agent docetaxel (DTX) may generate additive
anti-tumor effect that could possibly improve therapeutic
efficacy, which deserves further investigation.

As an essential component in hedgehog (Hh) signaling
pathway to regulate gene transcription,'”® glioma-
associated oncogene homolog 1 (Glil) is able to facilitate
non-classical activation of Hh pathway based on epige-
netic gene regulation independent of Hh ligands.'* For
example, HDAC-regulated Glil deacetylation facilitates
transcriptional activity of Glil to activate Hh signaling
pathway. In turn, the activation of Hh signaling pathway
can induce HDACI expression, thereby forming a positive
feedback

persistently.'* Previous studies have shown that the over-

loop to stimulate cancer progression
expression of Glil in lung adenocarcinoma leads to activa-
tion of the Hh signaling pathway, which finally promotes
cancer progression.'>'® Therefore, we hypothesized that
the administration of HDAC inhibitor-sodium butyrate in
lung adenocarcinoma may modulate the transcriptional
activity of Glil and inhibit the activation of Hh signaling
pathway, which may ultimately inhibit cancer progression.
This study is aimed to investigate the combined treating

efficacy of sodium butyrate with docetaxel on proliferation

and apoptosis of the lung adenocarcinoma cell line A549
based on Glil regulation in vitro and in vivo.

Materials and Methods

Reagents and Antibodies

Sodium butyrate (Purity>98%) was purchased from Sigma
Chemical (St. Louis, MO, USA). Docetaxel was purchased
from Jiangsu Hengrui Medicine Co., Ltd. (Lianyungang,
China). Cell counting kit-8 was purchased from Dojindo
Laboratories (Kumamoto, Japan). Hoechst 33258 and
TUNEL assay were purchased from Beyotime
Biotechnology Co., Ltd. (Shanghai, China). Cell cycle
staining kit was purchased from Multi Sciences Biotech
Co., Ltd. (Hangzhou, China). Annexin V-APC/7-AAD
apoptosis  detection kit
Biosciences (San Diego, CA, USA). The primary antibo-

was purchased from BD
dies against Glil and GAPDH were purchased from
Abcam (Cambridge, MA, USA). The primary antibodies
against Ki-67, CDK1, CDK2, Cyclin A, Cyclin D1, Bcl-2
and Bax were purchased from Wanlei Biotechnology Co.,
Ltd. (Shenyang, China). The primary antibodies against
p21, cleaved-Caspase 3 and Survivin were purchased from
Cell Signaling Technology (Danvers, MA, USA).

Cell Culture

Human lung adenocarcinoma cell line A549 and H1299
were obtained from the Cell Culture Bank of Chinese
Academy of Sciences (Shanghai, China) and cultured in
Dulbecco's modified Eagle’s medium (DMEM; Gibco,
USA) supplemented with 10% fetal bovine serum (FBS;
Gibco, USA), 100 pg/mL streptomycin (Hyclone, USA),
and 100 U/mL penicillin (Hyclone, USA) in a humidified
incubator with 5% CO, at 37°C.

Cell Transfection

RNA interference method was used to overexpress Glil in
A549 cells. The Glil overexpression recombinant lenti-
viral particles and its corresponding negative control vec-
tors were synthesized by Genechem Co., Ltd. (Shanghai,
China). A549 cells were inoculated in 6-well plates at
a concentration of 5x10% cells/well for 24 h. After being
grown to 50-60% confluency, according to the manufac-
turer’s instructions, the cells were transfected with recom-
binant Glil overexpression lentiviral particles and its
corresponding negative control vectors, respectively. The
successfully transfected cells were, respectively, named as
OE-Glil group and Vector group for further study.
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Cell Viability Assay

Cells were seeded in 96-well plates at a concentration of
2x10° cells/100uL/well. After 24 h incubation, the cells
were treated with various concentrations of sodium buty-
rate (0 mmol/L, 1.25 mmol/L, 2.5 mmol/L, 5 mmol/L, 10
mmol/L, 20 mmol/L and 40 mmol/L) or docetaxel (0 ng/
mL, 12.5 ng/mL, 25 ng/mL, 50 ng/mL, 100 ng/mL, 200
ng/mL and 400 ng/mL), respectively. With concentrations
determined by prior procedures, sodium butyrate (10
mmol/L) and docetaxel (100 ng/mL) were as individual
or combined treatment to the cells. With specified treat-
ment duration (24 h, 48 h and 72 h), each well was added
10 pL CCK-8 solution. Incubated for 2 h, the absorbance
at 450 nm was measured by enzyme immunoassay
instrument.

Colony Formation Assay

Cells were inoculated in 6-well plates at a concentration
of 500 cells/well. After 24 h incubation, the cells were
treated with setting concentrations determining by cell
viability assay of sodium butyrate (0 mmol/L,
5 mmol/L, 10 mmol/L and 20 mmol/L) or docetaxel (0
ng/mL, 50 ng/mL, 100 ng/mL and 200 ng/mL), respec-
tively. A comparison between single or combined treat-
ment of sodium butyrate (10 mmol/L) with docetaxel
(100 ng/mL) was also performed. Cells were treated for
12 h and then cultured in the normal condition for 14
days. Cells were fixed with 4% paraformaldehyde solu-
tion and stained with 0.1% crystal violet. The colonies
with more than 50 cells were counted. The colony for-
mation rate (Colony formation rate = Number of colo-
nies/Number of inoculated cellsx100%)'” was calculated.

Morphological Observation

Cells were inoculated in 6-well plates at a concentration of
2x10° cells/well for 24 h. Then, the cells were given the
same concentrations as colony formation assay of single or
combined sodium butyrate and docetaxel treatment. After
48 h, morphological changes were observed using an
inverted microscope (Olympus, Tokyo, Japan).

Hoechst 33258 Staining

After morphological observation, the cells of each group
above were fixed with 4% paraformaldehyde solution and
stained with Hoechst 33258. Apoptotic morphological fea-
tures were observed using a fluorescence microscope
(Olympus, Tokyo, Japan).

Flow Cytometric Analysis for Apoptosis
Cells were inoculated in 6-well plates at a concentration of
2x10° cells/well for 24 h. Then, the cells were treated with
individual or combined treatment of sodium butyrate (10
mmol/L) with docetaxel (100 ng/mL). After incubation for
48 h, treated cells were collected and resuspended in the
binding buffer at a concentration of 5x10° cells/mL.
Adding 5 pL Annexin V-APC and 5 pL 7-AAD, the
cells were incubated at room temperature in the dark for
15 min and apoptosis analysis was conducted using a flow
cytometer (BD Biosciences, San Jose, CA, USA).

Flow Cytometric Analysis for Cell Cycle
Cells were inoculated in 6-well plates at a concentration of
2x10° cells/well for 24 h. Then, the cells were treated with
individual or combined treatment of sodium butyrate (10
mmol/L) with docetaxel (100 ng/mL). After incubation for
48 h, treated cells were collected and fixed with 75% ethanol
(—20°C pre-cooled) and stored at 4°C overnight. After wash-
ing three times with PBS, cells were resuspended in the
DNA staining solution at a concentration of 5x10° cells/
mL and incubated in darkness at room temperature for 30
min. Thereafter, cell cycle distribution was determined using
a flow cytometer (BD Biosciences, San Jose, CA, USA).

Quantitative Real-Time PCR

Total RNA was extracted with Trizol reagent (Invitrogen,
California, USA) according to the manufacturer’s instructions.
Then, cDNA was generated using a Reverse Transcriptase kit
(Takara, Kusatsu, Japan). Then, the cDNA was used as tem-
plate to determine the level of mRNA expression. The specific
primers for Glil and GAPDH were as follows: Glil 5'-
GGAAGTCATACTCACGCCTCGA-3' (Forward), 5'-CATT
GCTGAAGGCTTTACTGCA-3' (Reverse); GAPDH 5-AG
AAGGCTGGGGCTCATTTG-3" (Forward), 5-AGGGGC
CATCCACAGTCTTC-3'" (Reverse). The quantitative real-
time PCR (qRT-PCR) reactions were carried out in
a Mx3000P System (Agilent Technologies, CA, USA) using
a SYBR Premix Ex TaqTM II real-time PCR kit (Takara,
Kusatsu, Japan). Each reaction was assessed in triplicate, and
GAPDH was regarded as the internal control to normalize the
results.

Western Blot Analysis

The harvested cells or the fresh xenograft tumor tissues were
lysed with ice-cold RIPA lysis buffer (Solarbio, Beijing,
China) containing a protease inhibitor cocktail (Solarbio,
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Beijing, China) to obtain the total protein. The bicinchoninic
acid method was conducted to measure the concentration of
the total protein. An aliquot of protein was separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto polyvinylidene difluoride
(PVDF) membranes (Solarbio, Beijing, China). Blocked with
5% non-fat milk for 1 h at room temperature, the PVDF
membranes were incubated overnight at 4°C with primary
antibodies against Glil (1:1000), Ki-67 (1:500), CDK1
(1:1000), CDK2 (1:1500), Cyclin A (1:1000), Cyclin D1
(1:500), p21 (1:1000), Bel-2 (1:500), Bax (1:500), cleaved-
Caspase 3 (1:1000), Survivin (1:1000) and GAPDH (1:1000),
respectively. Then, the PVDF membranes were incubated
with horseradish peroxidase-conjugated secondary antibo-
dies for 1 h. Finally, the expression levels of labeled proteins
were assessed using enhanced chemiluminescence system
ChemiDoc MP (BioRad, Hercules, CA, USA).

In vivo Xenograft Tumor Model Study

Female BALB/c nude mice (5 weeks, 16-18 g) were pur-
chased from Guangxi Medical University Experimental
Animal Center. All procedures of laboratory animals were
approved by the Guangxi Medical University Experimental
Animal Committee, and were performed in accordance with
the Institutional Animal Welfare Guidelines set by Guangxi
Medical University. All nude mice were kept in specific
pathogen-free animal house and fed with water and food ad
libitum. Twenty nude mice were subcutaneously inoculated
with A549 cells (with Glil overexpression or negative con-
trol vectors) on the fat layer of left front leg at random (ten in
each setting). When tumor volume reached around about
100 mm?, two settings of nude mice were further divided
into four groups (five in each setting), including: Vector, OE-
Glil, OE-Gli1+SB+DTX and Vector+SB+DTX. The mice in
OE-Gli1+SB+DTX group and Vector+SB+DTX group were
intraperitoneally injected with sodium butyrate (500 mg/kg,
once a day) and docetaxel (8 mg/kg, once in three days),
whereas Vector group and OE-Glil group were intraperito-
neally injected with an equal volume of phosphate-buffered
saline (PBS) at the corresponding time point. The doses of
sodium butyrate and docetaxel were set referring to the
previous studies.'®'? The weight and the tumor size of each
mouse during the experiment were measured every three
days. The tumor volume was calculated as follows: volume
(mm?®) = length (mm) x width (mm)*/2. After 21 days of the
first treatment, all mice were euthanized and their tumor
nodules were excised, photographed, weighed and harvested.

TUNEL Assay

Harvested fresh tumor tissues were fixed with 4% parafor-
maldehyde, embedded in paraffin and sectioned of 4 pum
thick. The tissue sections were subsequently deparaffinized,
rehydrated, and cooked with citrate buffer (pH 6.0) under
high pressure for antigen retrieval. Then the tissue sections
were stained with TUNEL according to the manufacturer’s
instructions. After nuclear staining by 4,6-diamidino-2- phe-
nylindole (DAPI). The TUNEL positive cells in 5 random
fields exhibiting red fluorescent granules were determined
under a fluorescence microscope (Olympus, Tokyo, Japan)
and quantified by using Image-Pro Plus 5.0 software (Media
Cybernetics, Maryland, MD, USA).

Statistical Analysis

All data were presented as mean + standard deviation
(SD). The differences between data were evaluated by
Student’s #-test or one-way ANOVA. All statistical ana-
lyses were conducted using the SPSS v17.0 software
(SPSS Inc, Chicago, USA). In any case, a p value less
than 0.05 was considered statistical significance.

Results
Sodium Butyrate Inhibits Proliferation and
Promotes Apoptosis of A549 Cells

We first explored the effects of sodium butyrate on prolifera-
tion and apoptosis of A549 cells. The CCK-8 assay was
conducted and the results showed that sodium butyrate inhib-
ited A549 cell viability at both a dose- and a time-dependent
manner (Figure 1A). To confirm these results, we further
performed colony formation assay and demonstrated that
sodium butyrate elicited a significant inhibition on A549 cell
colony-forming ability in a dose-dependent manner (Figure
1B). Additionally, we also examined the morphological
changes, as shown in Figure 1C, wherein A549 cells, after
treated with sodium butyrate, presented distinct morphological
changes, including increased cytoplasmic particles, shrinking,
rounded, poor adhesion, shedding and lifeless. The changes
became more obvious as the dose of sodium butyrate
increased. Subsequently, we performed Hoechst 33258 stain-
ing, and the results showed that A549 cells treated with
sodium butyrate exhibited higher rate of apoptotic cells with
fragmented nuclei and condensed chromatin in a dose-
dependent manner (Figure 1D). Collectively, these data sug-
gest that sodium butyrate indeed effectively inhibits prolifera-
tion and promotes apoptosis of A549 cells.
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Figure | Sodium butyrate inhibits proliferation and promotes apoptosis of A549 cells. (A) Cells were treated with the indicated concentrations of sodium butyrate for 24 h,
48 h and 72 h. The cell viability was measured using CCK-8 assay. Data are expressed as mean * SD (n=3 per group), *p<0.05 vs Control (0 mmol/L). (B) Cells were treated
with the indicated concentrations of sodium butyrate for 12 h, and then cultured in the normal condition for 4 days. The colony-forming ability was measured using colony
formation assay. Data are expressed as mean = SD (n=3 per group), ¥p<0.05 vs Control (0 mmol/L). (C) Cells were treated with the indicated concentrations of sodium
butyrate for 48 h. The morphological changes were observed using an inverted microscope (scale bar 100 um). (D) Cells were treated with the indicated concentrations of
sodium butyrate for 48 h. The apoptotic morphological features were observed using a fluorescence microscope (scale bar 100 um).

Docetaxel Inhibits Proliferation and
Promotes Apoptosis of A549 Cells
In parallel, we also investigated the effects of doce-
taxel on proliferation and apoptosis of A549 cells. The
CCK-8 that
a significant inhibition on the cell viability in a dose-

results showed docetaxel elicited
and a time-dependent manner (Figure 2A). The results
of colony formation assay verified that docetaxel sig-
nificantly inhibited the cell colony-forming ability

(Figure 2B). The morphological observation showed

that docetaxel significantly changed the cell morphol-
ogy, such as increased cytoplasmic particles, shrinking,
rounded, poor adhesion, shedding and lifeless. The
changes became more obvious as the dose of docetaxel
increased (Figure 2C). Moreover, Hoechst 33258 stain-
ing results indicated that docetaxel also induced apop-
totic death in a dose-dependent manner (Figure 2D).
Taken together, these results suggest that docetaxel is
potent to inhibit proliferation and promote apoptosis of
A549 cells.
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Figure 2 Docetaxel inhibits proliferation and promotes apoptosis of A549 cells. (A) Cells were treated with the indicated concentrations of docetaxel for 24 h, 48 h and 72
h. The cell viability was measured using CCK-8 assay. Data are expressed as mean * SD (n=3 per group), *p<0.05 vs Control (0 ng/mL). (B) Cells were treated with the
indicated concentrations of docetaxel for 12 h, and then cultured in the normal condition for 14 days. The colony-forming ability was measured using colony formation assay.
Data are expressed as mean = SD (n=3 per group), *p<0.05 vs Control (0 ng/mL). (C) Cells were treated with the indicated concentrations of docetaxel for 48 h. The
morphological changes were observed using an inverted microscope (scale bar 100 um). (D) Cells were treated with the indicated concentrations of docetaxel for 48 h. The
apoptotic morphological features were observed using a fluorescence microscope (scale bar 100 pum).

Combined Treatment of Sodium Butyrate
with Docetaxel Exerts a Greater Effect on
Proliferation Inhibition, Apoptosis
Promotion and Cell Cycle Arrest of A549
Cells

Based on the results of the two drugs investigated above, 10
mmol/L sodium butyrate and 100 ng/mL docetaxel were
selected to further study the combined treating efficacy on
growth of A549 cells. As expected, the combined therapy of

sodium butyrate with docetaxel showed much higher inhibi-
tion of cell viability and colony-forming ability as compared to
each of the two drugs individually (Figure 3A and B). The
morphological observation showed serious changes than either
sodium butyrate or docetaxel alone (Figure 3C). Furthermore,
the results of both Hoechst 33258 staining and flow cytometric
analysis indicated that the combined therapy elicited
aremarkable apoptosis induction as compared to either sodium
butyrate or docetaxel alone (Figure 3D and E). In addition, the
cell cycle analysis from flow cytometry showed that the
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Figure 3 Combined treatment of sodium butyrate with docetaxel additively inhibits proliferation, promotes apoptosis and induces cell cycle arrest of A549 cells. (A) Cells
were treated with sodium butyrate (10 mmol/L) or docetaxel (100 ng/mL) or a combination of both for 24 h, 48 h and 72 h. The cell viability was measured using CCK-8
assay. Data are expressed as mean # SD (n=3 per group), *p<0.05 vs Control; %p<0.05 vs SB; #p<0.05 vs DTX. (B) Cells were treated with sodium butyrate (10 mmol/L) or
docetaxel (100 ng/mL) or a combination of both for 12 h, and then cultured in the normal condition for 14 days. The colony-forming ability was measured using colony
formation assay. Data are expressed as mean % SD (n=3 per group), *p<0.05 vs Control; %p<0.05 vs SB; #p<0.05 vs DTX. (C) Cells were treated with sodium butyrate (10
mmol/L) or docetaxel (100 ng/mL) or a combination of both for 48 h. The morphological changes were observed using an inverted microscope (scale bar 100 pm). (D) Cells
were treated with sodium butyrate (10 mmol/L) or docetaxel (100 ng/mL) or a combination of both for 48 h. The apoptotic morphological features were observed using
a fluorescence microscope (scale bar 100 um). (E) Cells were treated with sodium butyrate (10 mmol/L) or docetaxel (100 ng/mL) or a combination of both for 48 h. The
cell apoptosis rate was analyzed using a flow cytometer. Data are expressed as mean * SD (n=3 per group), *p<0.05 vs Control; %p<0.05 vs SB; #p<0.05 vs DTX. (F) Cells
were treated with sodium butyrate (10 mmol/L) or docetaxel (100 ng/mL) or a combination of both for 48 h. The cell cycle distribution was determined using a flow
cytometer. Data are expressed as mean * SD (n=3 per group), *p<0.05 vs Control; %p<0.05 vs SB; #p<0.05 vs DTX.
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Figure 4 Combined treatment of sodium butyrate with docetaxel additively suppresses Glil expression in A549 cells, and inhibits Glil expression as well as growth in
H1299 cells. Cells were treated with sodium butyrate (10 mmol/L) or docetaxel (100 ng/mL) or a combination of both for 48 h, and the mRNA (A) and protein (B and C)
expression of Glil were subsequently determined by qRT-PCR and Western blot, respectively. Data are expressed as mean + SD (n=3 per group), *p<0.05 vs Control;
&p<0.05 vs SB; #p<0.05 vs DTX. (D) Cells were treated with sodium butyrate (10 mmol/L) or docetaxel (100 ng/mL) or a combination of both for 24 h, 48 h and 72 h. The
cell viability was measured using CCK-8 assay. Data are expressed as mean % SD (n=3 per group), ¥<0.05 vs Control; #»<0.05 vs SB; #p<0.05 vs DTX. (E) Cells were
treated with sodium butyrate (10 mmol/L) or docetaxel (100 ng/mL) or a combination of both for 48 h. The apoptotic morphological features were observed using

a fluorescence microscope (scale bar 100 um).

combined therapy significantly decreased percentage of cells
blocked in S phase in A549 cells as compared to either sodium
butyrate or docetaxel alone, resulting in increased G0/G1 and
G2/M-phase arrest (Figure 3F). Altogether, our data suggest
that combined treatment of sodium butyrate and docetaxel
exhibits additive effect in inhibiting proliferation, promoting
apoptosis and inducing cell cycle arrest of A549 cells.

Combined Treatment of Sodium Butyrate
with Docetaxel Additively Suppresses
Glil Expression in A549 Cells

With these promising results, we further explored the
underlying mechanisms by which sodium butyrate and
docetaxel combined treatment inhibit growth in A549

cells. Previous studies have shown that Glil plays an
important role in tumorigenesis and progression,'>'®
and thus we investigated whether the combined treat-
ment could inhibit the expression of Glil in our study.
In this context, qRT-PCR and Western blot were con-
ducted to detect the mRNA and protein expression of
Glil. As can be seen from parts A and B of Figure 4,
the mRNA and protein expression of Glil were signifi-
cantly suppressed with individual or combined treatment
of sodium butyrate and docetaxel, with a more remark-
able suppression for the combined therapy. These results
suggest that combined treatment of sodium butyrate
with docetaxel has an additive effect in suppressing
Glil expression in A549 cells.
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Combined Treatment of Sodium Butyrate
with Docetaxel Additively Suppresses
Glil Expression and Inhibits Growth in
Lung Adenocarcinoma Cell Line HI1299

The above results prompted us to examine if such addi-
tive effect may also occur in other lung adenocarcinoma
cell line. For this purpose, H1299 cells were treated with
sodium butyrate (10 mmol/L) or docetaxel (100 ng/mL)
or a combination of both. Consistently, the results of
Western blot showed that the combined treatment could
also significantly suppress the expression of Glil protein
as compared to either sodium butyrate or docetaxel alone
(Figure 4C). Moreover, the results of CCK-8 and
Hoechst 33258 staining showed that the combined treat-
ment exerted a greater effect on proliferation inhibition
and apoptosis promotion when compared with each
agent individually (Figure 4D and F). These results sug-
gest that the additive effect of the combined treatment
not only occurs specifically in A549 cells, but also in
other lung adenocarcinoma cell lines such as H1299.

Glil Overexpression Reverses the
Additive Effect of Sodium Butyrate with
Docetaxel Combined Treatment on
Proliferation Inhibition and Apoptosis
Promotion in A549 Cells

In order to confirm the relationship between the effects of
Glil and the combined treatment mechanisms of prolifera-
tion inhibition, as well as apoptosis promotion in A549 cells,
we further investigated whether Glil overexpression could
reverse the additive effect. We induced the overexpression of
Glil via recombinant Glil overexpression lentiviral particles
transfection. Our transfection experiments indicated the suc-
cessful Glil overexpressing efficiency (Figure 5A-C).
Subsequently, the results from CCK-8 and colony formation
assay demonstrated that Glil overexpression triggered the
cell proliferation, and partly abrogated the anti-proliferation
effect induced by individual or the combined treatment
(Figure 5D and E). The overexpression of Glil ameliorated
the serious morphological changes induced by individual or
the combined treatment (Figure 5F). Besides, the effect of
Glil overexpression on apoptosis was detected by Hoechst
33258 staining and flow cytometry, and the results of which
demonstrated that Glil overexpression partially abrogated
the pro-apoptosis effect induced by individual or the com-
bined treatment (Figure 5G and H). Together, these data

suggest that the combined treatment could additively antag-
onize Glil expression during the process of its proliferation
inhibition and apoptosis promotion in A549 cells.

Glil Overexpression Reverses the
Additive Effect of Sodium Butyrate with
Docetaxel Combined Treatment on Its
Downstream Proteins Related to
Proliferation, Cell Cycle and Apoptosis in
A549 Cells

Encouraged by these results, we further examined the
downstream proteins of Glil involving in growth in
A549 cells. In line with our expectation, the Western blot
results showed that Glil overexpression in A549 cells
significantly increased the protein expressions of Ki-67,
CDKI1, CDK2, Cyclin D1, Becl-2 and Survivin, and
decreased the protein levels of Cyclin A, p21, Bax and
cleaved-Caspase 3. We also noted that the individual or the
combined treatment significantly decreased the protein
expressions of Ki-67, CDK1, CDK2, Cyclin D1, Bcl-2
and Survivin, and significantly increased the protein levels
of Cyclin A, p21, Bax and cleaved-Caspase 3. Notably, the
effect generated by individual or the combined treatment
on the expression levels of the above-mentioned proteins
was perceptibly abrogated under Glil overexpression
(Figure 6). Collectively, these findings suggest that the
combined treatment exhibits anti-tumor activity in A549
cells through suppressing the expression of Glil and reg-
ulating its downstream targets related to proliferation, cell
cycle, and apoptosis.

Combined Treatment of Sodium Butyrate
with Docetaxel Additively Inhibits in vivo

A549 Cell Xenograft Tumor Growth via

Suppressing Glil Expression

Finally, to further assess the results obtained from in
vitro study, we investigated whether the combined treat-
ment also exhibits anti-tumor effect in vivo. There was
neither obvious loss of appetite, nausea/vomiting, nor
significant decrease of body weight in the mice through-
out the course of experiment (Figure 7A). Furthermore,
the combined treatment significantly reduced tumor size
and tumor weight. In sharp contrast, Glil overexpres-
sion significantly accelerated tumor size and tumor
weight. More importantly, the inhibitory effect of
tumor growth indices (tumor size and tumor weight)
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Figure 5 Glil overexpression reverses the additive effect of sodium butyrate with docetaxel combined treatment on proliferation inhibition and apoptosis promotion in
A549 cells. (A) Cells were transfected with recombinant Glil overexpression lentiviral particles and its corresponding negative control vectors, respectively. The
transfection efficiency was evaluated by an inverted fluorescence microscope (scale bar 100 pum). (B and C) The overexpressing efficiency of Glil was detected by qRT-
PCR and Western blot, respectively. Data are expressed as mean + SD (n=3 per group), *p<0.05 vs Vector. (D) After successful transfection of Glil, cells were treated with
sodium butyrate (10 mmol/L) or docetaxel (100 ng/mL) or a combination of both for 24 h, 48 h and 72 h. The cell viability was measured using CCK-8 assay. Data are
expressed as mean % SD (n=3 per group), *p<0.05 vs Vector; %p<0.05 vs Vector+SB; #p<0.05 vs Vector+DTX; 2p<0.05 vs OE-Glil; <>p<0.05 vs Vector+SB+DTX. (E) After
successful transfection of Glil, cells were treated with sodium butyrate (10 mmol/L) or docetaxel (100 ng/mL) or a combination of both for 12 h, and then cultured in the
normal condition for 14 days. The colony-forming ability was measured using colony formation assay. Data are expressed as mean * SD (n=3 per group), ¥p<0.05 vs Vector;
&p<0.05 vs Vector+SB; #p<0.05 vs Vector+DTX; 2p<0.05 vs OE-Glil; <>,’,:<0.05 vs Vector+SB+DTX. (F) After successful transfection of Glil, cells were treated with sodium
butyrate (10 mmol/L) or docetaxel (100 ng/mL) or a combination of both for 48 h. The morphological changes were observed using an inverted microscope (scale bar 100
um). (G) After successful transfection of Glil, cells were treated with sodium butyrate (10 mmol/L) or docetaxel (100 ng/mL) or a combination of both for 48 h. The
apoptotic morphological features were observed using a fluorescence microscope (scale bar 100 um). (H) After successful transfection of Glil, cells were treated with
sodium butyrate (10 mmol/L) or docetaxel (100 ng/mL) or a combination of both for 48 h. The cell apoptosis rate was analyzed using a flow cytometer. Data are expressed
as mean * SD (n=3 per group), ¥»<0.05 vs Vector; %p<0.05 vs Vector+SB; *p<0.05 vs Vector+DTX; “p<0.05 vs OE-Glil; O1,)<0.05 vs Vector+SB+DTX.
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Figure 6 Glil overexpression reverses the additive effect of sodium butyrate with docetaxel combined treatment on its downstream proteins related to proliferation, cell
cycle and apoptosis in A549 cells. After successful transfection of Glil, cells were treated with sodium butyrate (10 mmol/L) or docetaxel (100 ng/mL) or a combination of
both for 48 h. The protein expressions of Ki-67, CDK1, CDK2, Cyclin A, Cyclin D1, p21, Bcl-2, Bax, cleaved-Caspase 3 and Survivin were determined by Western blot. Data
are expressed as mean * SD (n=3 per group), *p<0.05 vs Vector; %p<0.05 vs Vector+SB; *p<0.05 vs Vector+DTX; 2p<0.05 vs OE-Glil; Op<0.05 vs Vector+SB+DTX.

generated by the combined treatment was partially abro-
gated by Glil overexpression (Figure 7B-D). On the
other hand, the TUNEL analysis of shaped tumor speci-
mens showed that the combined treatment markedly
promoted tumor apoptosis, which was perceptibly abro-
gated by the overexpression of Glil (Figure 7E).
Additionally, Western blot was conducted to evaluate
the levels of Glil downstream proteins in shaped
tumor tissues involving in proliferation, cell cycle and
apoptosis, and the obtained results showed that the
combined treatment significantly reduced the protein
expressions of Ki-67, CDK1, CDK2, Cyclin D1, Bcl-2
and Survivin, and enhanced the protein expressions of
Cyclin A, p21, Bax and cleaved-Caspase 3. Of noted,
the expression effect of the above-mentioned proteins
generated by the combined treatment was perceptibly
reversed under Glil overexpression (Figure §), which
was consistent with the in vitro results as stated before
(Figure 6). Altogether, these data suggest that the com-
bined treatment inhibits in vivo A549 cell xenograft
tumor growth via suppressing Glil expression and reg-
ulating the expression of its downstream proteins invol-

ving in proliferation, cell cycle, and apoptosis.

Discussion

Accumulating evidences have confirmed the anti-tumor
activity of sodium butyrate. Salimi et al showed that
sodium butyrate promotes apoptosis and imposes cell
cycle arrest in breast cancer through reactive oxygen
species formation and mitochondrial impairment.’
Sodium butyrate has also exhibited anti-cancer activity
in gastric cancer via inducing apoptosis.® Wang and col-
leagues revealed that sodium butyrate inhibits migration
and induces AMPK-mTOR pathway-dependent autop-
hagy and ROS-mediated apoptosis in bladder cancer
cells via the miR-139-5p/Bmi-1 axis, suggesting that
sodium butyrate may be a novel chemotherapeutic agent
in the clinical treatment of bladder cancer.” In addition,
several studies have reported that sodium butyrate
enhances anti-tumor effect of chemotherapy and re-
sensitizes chemo-resistant tumor cells.**' For example,
Koprinarova et al showed that sodium butyrate sensitizes
HeLa cells towards cisplatin through abrogating the cis-
platin imposed cell cycle arrest.? A recent study also
confirmed that sodium butyrate not only suppresses the
proliferation, but also enhances the cytotoxic effect of
cisplatin in ovarian cancer.”' Most recently, Xiao and co-
workers studied the lung adenocarcinoma A549 cells and
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Figure 7 Combined treatment of sodium butyrate with docetaxel additively inhibits in vivo A549 cell xenograft tumor growth via suppressing Glil expression. Nude mice
bearing A549 cells (with Glil overexpression or negative control vectors) were intraperitoneally injected with sodium butyrate (500 mg/kg, once a day) and docetaxel (8 mg/
kg, once in three days) for 21 days. (A) The body weight changes of nude mice during the treatment period were recorded. (B) The shaped tumors after the final treatment
were photographed. (C) The development of tumor size during the treatment period was recorded. (D) The tumor weight after the final treatment was measured. (E) The
shaped tumors after the final treatment were obtained for TUNEL staining (scale bar 100 um). The TUNEL positive cells were quantified by using Image-Pro Plus 5.0
software. Data are expressed as mean + SD (n=5 per group), *»<0.05 vs Vector; “p<0.05 vs OE-Glil; <>p<0.05 vs Vector+SB+DTX.

revealed that sodium butyrate-dependent alleviation of
tumorigenesis of TRAF6.'? Despite these results, the
overall treating efficacy is sub-optimal, and a combined
therapy of sodium butyrate with other chemotherapeutic
drugs may generate an additive effect that could further
improve the efficacy. In the present study, we aimed to
investigate the combined treating efficacy of sodium
butyrate with docetaxel on proliferation and apoptosis
of lung adenocarcinoma A549 cells and further explore

the underlying mechanisms. Consistent with previous

studies regarding the anti-cancer activity of sodium buty-
rate, we observed the potential anti-tumor activity of
sodium butyrate in lung adenocarcinoma A549 cells
through inhibiting proliferation, inducing cell cycle
arrest, and promoting apoptosis, whereas the additive
anti-tumor effect of sodium butyrate with docetaxel was
indicated by in vitro and in vivo study. In addition, no
obvious adverse event was found with combined treat-
ment, which should be further verified prior to clinical
implementation.
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Figure 8 Glil overexpression reverses the additive effect of sodium butyrate with docetaxel combined treatment on its downstream proteins related to proliferation, cell
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Zinc finger protein Glil is a major transcription factor
of Gli family acting as a transcriptional activator.”> As the
effectors of Hedgehog (Hh) signaling, Glil is overex-
pressed in numerous malignant tumors, and several
mechanisms activating Glil expression have been con-
firmed. For example, excessive production of Hh ligand
results in enhanced autocrine and paracrine signals;>*~*
Furthermore, upstream gene mutations of the Hh pathway
(Smo and Ptch) activate downstream Glil;*>>*® Mutation
or isomers of Glil also result in Glil activation;*’ ?’
Lastly, various non-classical Hh pathways upregulate

3031 Nevertheless, all activators of Hh

Glil expression.
signaling pathway ultimately act on the effector Glil to
activate Hh pathway and promote cancer development. Po
et al confirmed that in 1007 lung adenocarcinomas, per-
centage of Glil high expression was as high as 76%."
Along these lines, we up-regulated Glil expression in lung
adenocarcinoma A549 cells to explore the effect of Glil
on the biological behavior of lung adenocarcinoma. Our
results confirmed that overexpression of Glil could sig-
nificantly promote the growth of lung adenocarcinoma

A549 cells in vitro and in vivo. Consistent with our

findings, recent investigations also reported that abnor-
mally high expression of Glil is noted in glioblastoma,
and antagonizing Glil could inhibit growth and reduce the
chemoresistance and stemness of glioblastoma cells.***
Considering that the transcriptional activity of Glil is
regulated by histone deacetylase (HDAC),"* sodium buty-
rate as a HDAC inhibitor may down-regulate Glil expres-
sion to suppress tumorigenesis and progression. Therefore,
we explored the effects of sodium butyrate and its combi-
nation with docetaxel on Glil expression in lung adeno-
carcinoma A549 cells. We observed that sodium butyrate
significantly inhibited the mRNA and protein expression
of Glil, which were more remarkable in combination with
docetaxel. These results indicated that the down-regulation
of Glil expression may be one of the underlying mechan-
isms of the inhibitory effect and the chemosensitization
effect of sodium butyrate on lung adenocarcinoma A549
cells. Notably, with Glil overexpression, the effects of
sodium butyrate and its combined treatment with doce-
taxel on the proliferation and apoptosis of A549 cells were
palpably reversed, which further validated the crucial role
of Glil in the underlying mechanism. We hypothesized
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that the inhibitory effect of HDAC inhibitor sodium buty-
rate on Glil expression and tumor growth may result from
its inhibition of deacetylase to suppress non-classical acti-
vation of the Hh signaling pathway based on Glil
regulation.'* However, the specific regulatory mechanism
of HDAC inhibitor on Glil is not fully understood, and the
interaction between deacetylase-regulated acetylation and
Hh/Glil signaling pathway in lung adenocarcinoma still
need further investigation.

Studies suggested that Glil participated in tumorigen-
esis through modulating the expression of key genes
involving in multiple oncogenic signaling pathways.
For example, Glil has been reported to aggravate pro-
liferation through regulating the expressions of Ki67,
CDK1, CDK2, Cyclin A, Cyclin D1, P21, etc.; whereas
suppress apoptosis through regulating the expressions of
Bcl-2, Bax, Caspase-3, Survivin, etc. 33738 Considering
that Glil may regulate multiple oncogenic signaling
pathways to drive tumorigenesis and progression, we
observed the relationship between Glil and its reported
downstream proteins involving in proliferation, cell
cycle and apoptosis. Our results indicated that Glil over-
expression significantly increased the protein expressions
of Ki-67, CDK1, CDK2, Cyclin D1, Bcl-2 and Survivin,
and decreased the protein levels of Cyclin A, p21, Bax
and cleaved-Caspase 3. More importantly, the treatment
efficacy of the above-mentioned proteins generated by
the combined treatment of sodium butyrate with doce-
taxel was perceptibly reversed under Glil overexpres-
sion. These findings suggest that the combined treatment
of sodium butyrate with docetaxel may exhibit anti-
tumor activity in A549 cells through targeting Glil-
mediated downstream signal molecules.

Conclusion

In conclusion, this study demonstrates that sodium butyrate
combined with docetaxel additively inhibits proliferation
and promotes apoptosis of A549 cells via suppressing Glil
expression in vitro and in vivo. Targeting Glil by the com-
bined therapy may provide new insights into the therapeutic
management of patients with lung adenocarcinoma.
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