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Abstract

Butyrate is produced by the fermentation of undigested dietary fibers and acts as the promising candidate for cancer treatment.
However, the mechanism underlying sodium butyrate (NaB)-induced autophagy in colorectal cancer is not yet completely
understood. The expressions of LC3-II protein and mRNA were detected by western blot and quantitative RT-PCR in colorectal
cancer (CRC) cell lines HCT-116 and HT-29, respectively. Autolysosome formation was observed by transmission electron
microscope. AMPK and LKB1 were inhibited by chemical inhibitor or siRNAs and confirmed by western blot. NaB elevated the
protein and mRNA expressions of LC3 in a dose-dependent manner. NaB treatment increased the formation of autolysosome and
expression of phosphorylated liver kinase B1 (LKB1), AMP-activated protein kinase (AMPK), and acetyl-CoA carboxylase
(ACC). Treatment with compound C (an inhibitor of AMPK) and siRNA-mediated knockdown of AMPK and LKBI signifi-
cantly attenuated NaB-induced autophagy in CRC cells. Collectively, these findings indicated that LKB1 and AMPK are critical
for NaB-mediated autophagy and may act as the novel targets for colorectal cancer therapy in the future.
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Introduction

Colorectal cancer (CRC) is the third most commonly diag-
nosed cancer in males and the second in females worldwide,
with an estimate of 1.4 million cases and 693,900 deaths in
2012 [36]. Despite the advancement of screening, surgical
techniques, radiotherapy, and chemotherapy for CRC, the
five-year survival of CRC remains unsatisfied [2].
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Therefore, it is urgently required to further investigate the
molecular network underlying CRC progression to develop
novel therapeutic approaches.

Butyrate, one of the by-products of bacterial fermentation
of undigested dietary fibers, is implicated in maintaining colon
epithelium homeostasis, which is functionally regulated by a
number of factors, including the concentration of butyrate, cell
type, or presence of additional dietary compounds or endoge-
nous factors [25]. Butyrate serves as an important energy
source and survival factor for normal cell, whereas shows
promising anti-cancer effects in various types of cancer cells,
including CRC, lymphoma, and breast cancer cells [6, 32, 34].
Butyrate prevents the deacetylation of histone by inhibiting
the enzyme activities of histone deacetylases (HDACs), thus
modulating expression of a number of functional genes in-
volved in regulation of cell cycle progression, differentiation,
apoptosis, and autophagy. It has also been shown that butyrate
treatment reduces the metastatic ability of cancer cells through
inhibition of CD44 and pro-MMP-2 [1, 40]. However, the
molecular mechanisms involved in sodium butyrate (NaB)-
mediated autophagy in CRC have not been fully explored.

Autophagy is a highly conserved evolutionary intracellular
degradative process contributing to metabolic homeostasis,
degradation or removal of proteins and organelles, cell
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survival, differentiation, and tissue development [38].
There are many biological and environmental factors
which could induce or boost autophagy, such as starvation,
hypoxia, low energy, acidity, and other mechanisms.
Formation of double-membrane vesicles is required for au-
tophagy to carry cargo for lysosomal degradation [23].
Autophagy is a double-edged sword; it can be utilized to
meet the heightened nutrient demand found in proliferative
cancer cells [5]. On the other hand, autophagy has been
reported to protect cancer cells from apoptosis under radi-
ation or chemotherapy [23, 44]. These seemingly contra-
dictory findings suggest that the role of autophagy in tu-
morigenesis remains to be further investigated.

AMP-activated protein kinase (AMPK) consisting of cata-
lytic o subunits and regulatory (3 and y subunits is regulated
by AMP/ATP ratio and plays a critical role in energy balance.
The o-subunit of AMPK could be phosphorylated at the con-
served threonine residue (Thrl172) by upstream kinases, such
as liver kinase B1 (LKB1), calcium/calmodulin-dependent
protein kinase (CaMKK), and transforming growth factor (3
(TGF-f3)-activated kinase (TAK1). Several studies have re-
ported that AMPK is important for anti-cancer and autophagy
by regulation of cell cycle arrest and tumor growth inhibition.
LKBI1, also termed as serine/threonine kinase 11(STK11), is a
tumor suppressor and acts as the upstream kinase of AMPK in
cancers [9]. The LKB1 mutation was first discovered in the
Peutz-Jeghers syndrome, correlated with the risk of gastroin-
testinal hamartomatous polyposis and cancers [35]. Loss of
LKB1 has been shown to be involved in tumorigenesis and
cancer progression in many types of cancer, such as renal cell
carcinoma [8], prometastatic tumor [24], pancreatic cancer
[27], and hepatocellular carcinoma [15]. To date, the role of
LKB1 and AMPK in NaB-induced CRC autophagy is unclear.
Based on the above observations, this study aimed to investi-
gate whether NaB induces autophagy in CRC cells and the
underlying molecular mechanisms.

Materials and methods
Reagents and antibodies

Small interfering RNA (siRNA) duplexes specific for
AMPK«, LKB1, and control siRNA were purchased from
GenePharma (Shanghai, China). Lysis buffer, protease, and
phosphatase inhibitor cocktail were purchased from Bestbio
(Shanghai, China). Lipo6000™Transfection reagent was pur-
chased from Beyotime (Shanghai, China). Trypsin, fetal bo-
vine serum (FBS), Dulbecco’s modified eagle medium
(DMEM) containing a high concentration of glucose, Opti-
MEM, and RPMI-1640 medium were purchased from
Gibco-Invitrogen (Carlsbad, CA, USA). Phosphate-buffered
saline (PBS) was purchased from HyClone (Logan, Utah,
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USA). Sodium butyrate (NaB), compound C, dimethyl sulf-
oxide (DMSO), non-fat milk, monodansylcadaverin (MDC),
acridine orange (AO), and other chemicals were purchased
from Sigma-Aldrich (St. Louis, MO, USA). TRIzol was pur-
chased from Invitrogen (Carlsbad, CA, USA). Anti-ACC, an-
ti-p-ACC, anti-AMPK«, anti-p-AMPK«, anti-LKBI1, anti-p-
LKBI, anti-LC3, and anti-GAPDH antibodies were pur-
chased from Cell Signaling Technology (Beverly, MA,
USA). SYBER Green PCR kits were obtained from Takara
(Dalian, China).

Cell culture

The human colorectal carcinoma HCT-116 and the colo-
rectal adenocarcinoma HT-29 cell lines were purchased
from the American Type Culture Collection (Manassas,
VA, USA). HCT-116 cells were cultured in DMEM sup-
plemented with 10% FBS, 100 units/mL penicillin, and
100 mg/mL streptomycin (Invitrogen). HT-29 cells were
grown in RPMI-1640 medium supplemented with 10%
FBS, 100 units/mL penicillin, and 100 mg/mL streptomy-
cin (Invitrogen). Cells were incubated in a humidified at-
mosphere with 5% CO, at 37 °C.

Transmission electron microscopy

HCT-116 cells were harvested by trypsinization, washed twice
with PBS, and fixed with ice-cold glutaraldehyde (2.5% glu-
taraldehyde in PBS (pH 7. 4)) for 30 min. The cells were
washed with PBS, fixed in osmium tetroxide (OsO4), and
embedded in Spurr’s Epon. Representative areas were chosen
for ultrathin sectioning and viewed with a Hitachi 7500 elec-
tron microscope (Japan).

RNA isolation and quantitative real-time PCR

Total cellular RNA was extracted from HCT-116 and HT-29
cells using TRIzol reagent according to the manufacturer’s
protocol (Invitrogen, Carlsbad, CA, USA). Only the RNA
samples with 260/280 nm absorbance ratios of 1.8-2.0 were
considered of acceptable purity. RNA (450 ng) was reverse-
transcribed to cDNA. The real-time RT-PCR mixture
consisted of SYBR®Premix Ex Taq™II (Tli RNaseH Plus)
(TAKARA, RR820A), 1 uL of a forward primer, 1 puL of a
reverse primer, 90 ng of a cDNA sample, and DEPC water
(final volume =25 pL). Forty-five cycles of PCR were con-
ducted under the following conditions: pre-incubation stage,
30 s at 95 °C; 2 step amplication, 5 s at 95 °C and 1 min at
60 °C; melt curve stage, 60 s at 95 °C, 55 s at30 °C, and 1 s at
97 °C; and cooling stage, 30 s at 37 °C. PCR products were
measured with LightCycler® 96 System (Roche Diagnostics,
Mannheim, Germany). GAPDH was used as an internal con-
trol to correct for sample variation.
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The PCR primer sequence is as follows:
For STK11,

forward: CTGATGTCGGTGGGTATGGA, reverse:
GTACTTGCCGATGAGCTTGG;

For LC3,

forward: AAGTGGCTGAGTACCGACC, reverse:
GATCTCCAGCTGCCACAAAC;

For GAPDH,

forward: CAAATTCCATGGCACCGTCA, reverse:
ATCTCGCTCCTGGAAGATGG.

Western blot

HCT-116 and HT-29 cells were lysed with lysis buffer
(Bestbio, Shanghai, China) containing a commercial protease
and phosphatase inhibitor cocktail (Bestbio, Shanghai,
China). Protein samples (40 pg) were subjected to 10%
SDS-PAGE, then transferred to the PVDF membranes (Bio-
Rad Laboratories), and probed with primary antibody.
Secondary antibody conjugated with horseradish peroxidase
(Amersham Biosciences) goat anti-rabbit IgG was then ap-
plied. After washing, the membranes were visualized by
chemiluminescence detection kit (Pierce Biotechnology) ac-
cording to manufacturer’s instructions. Target protein signals
were normalized to GAPDH as the loading control.
Densitometry analysis was carried out using Image J software
(National Institutes of Health, USA).

Transfection with small interfering RNA

Small interfering RNAs (siRNAs) specific for LKB1 and
AMPK o were purchased from GenePharma (Shanghai,
China). Transfection of siRNA was performed using
Lipo6000™ transfection reagent according to the supplier’s
protocol. HCT-116 and HT-29 cells were transfected with in-
dicated siRNAs at 30% confluence. Prior to each of the fol-
lowing transfection steps, the wells of the cultured cells were
replaced with 2 mL of Opti-MEM® medium. One hundred
picomoles of siRNA was added to one tube and mixed gently;
the other tube was added with 5 uL. Lipo6000™ transfection
reagent and gently mixed. After standing for 5 min at room
temperature, the culture medium containing the siRNA was
gently added to the culture solution containing the
Lipo6000™ transfection reagent, and the tube was gently
inverted mix under room temperature for 20 min. A mixture
of Lipo6000™ transfection reagent and siRNA was added to

each well, and the culture medium was changed after 5 h. The
specific siRNA sequences are as follows:

LKB1 siRNA-1sense: 5'-CCAACGUGAAGAAG
GAAAUTT-3,

Antisense: 5-AUUUCCUUCUUCACGUUGGTT-3";
LKB1 siRNA-2sense: 5'-GGAUGACA
UCAUCUACACUTT-3',

Antisense: 5'-~AGUGUAGAUGAUGUCAUCCTT-3"
AMPK siRNA-1sense: 5'-GGGA
ACAUGAAUGGUUUAATT-3',

Antisense: 5-UUAAACCAUUCAUGUUCCCTT-3%
AMPK siRNA-2sense: 5'-CGGG
AUCAGUUAGCAACUATT-3',

Antisense: 5-UAGUUGCUAACUGAUCCCGTT-3";

The scrambled control siRNA sequences were as follows:

Sense: 5'-UUCUCCGAACGUGUCACGUTT-3" and
Antisense: 5'-ACGUGACACGUUCGGAGAATT-3".

Statistical analysis

All experiments were repeated at least three times indepen-
dently. Data are presented as the mean + standard deviation
(SD). Statistical analyses were performed by one-way analysis
of variance coupled with a Student-Newman-Keuls (SNK)
post hoc test or Dunnett T3 test using SPSS 21.0 statistical
software (SPSS, Inc., Chicago, IL, USA). A P value smaller
than 0.05 was considered as statistical significance.

Results
NaB induced autophagy in CRC cells

To verify whether NaB induced the autophagic response in
CRC cells, we analyzed the expression of free LC3-I and
lipid-bound LC3-II by western blot. LC3 is an important con-
stituent of the autophagosome and widely used as a biochem-
ical marker of autophagy [33]. After NaB treatment for 24 h, a
marked induction of LC3 was detected in HCT-116 (Fig. 1a)
and HT-29 (Fig. 1b). We found that the expression of the LC3-
II protein was significantly increased starting from 0.1 mM of
NaB treatment in HCT-116 cells, but at 1 mM NaB in HT-29
cells for LC3-1II protein induction (Fig. 1a, b), indicating that
HCT-116 cells were more sensitive to NaB on autophagic
response than HT-29 cells. The accumulation of LC3-II was
positively correlated with the concentration of NaB, suggest-
ing that NaB induced autophagy in a dose-dependent manner.
Likewise, NaB also significantly upregulated LC3B expres-
sion at mRNA levels in a dose-dependent manner (Fig. 1c, d).

@ Springer



56

Luo et al.

a HCT-116

S ¥

LC3-II
GAPDH | 0 S S i S —

01 05 1 2 5

NaB(mM) 0

-
o
[g]
(]

LC311 /GAPDH

s

LC3 mRNA expression
(fold of Control)
2

o
?

(=4
=]
e

Nucleus

Control

Fig. 1 Sodium butyrate induced autophagy in colorectal cancer cells.
HCT-116 (a) and HT-29 (b) cells were treated with the indicated concen-
trations of sodium butyrate (NaB) for 24 h. Representative blots of LC3-11
expression were quantified by densitometry and normalized to GAPDH
(ratio of LC3-1I: GAPDH). mRNA expressions of LC3 in HCT-116 (c)

To further confirm whether NaB induces CRC cell autophagic
morphology changes, transmission electron microscope was
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and HT-29 (d) cells were determined by real-time PCR analysis. Data are
shown as the mean + SD of three independent experiments. Different
letters indicate statistically significant differences between groups (P <
0.05). e Electronic microscopy images of control and NaB (2 mM)-treated
HCT-116 cells. AL, autolysosome

used to observe the formation of autophagosomes. The accu-
mulation of double-membrane vesicles was dramatically
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increased in HCT-116 cells treated with 2 mM NaB for 24 h
than that in the control group (Fig. le). These data clearly
indicated autophagosome formation in response to NaB treat-
ment in CRC cells.

AMPKa/ACC signaling was activated by NaB
in colorectal cells

AMPK has been extensively studied as an important metabol-
ic regulator of energy homeostasis, and AMPK is involved in
the modulation of autophagy [10]. To confirm whether the
autophagic effect of NaB is related to AMPK signaling, west-
ern blot was performed in NaB-treated CRC cells. As shown
in Fig. 2a, treatment with NaB dose-dependently increased the
expression of Thr172 phosphorylated AMPK« (p-AMPK )
in HCT-116 cells. To further define whether NaB-mediated
phosphorylation of AMPK« functionally activates down-
stream signaling, we detected the phosphorylation status of
acetyl-CoA carboxylase (ACC), the critical downstream mol-
ecule of AMPK. We found that the expression of Ser79 phos-
phorylated ACC (p-ACC) was increased after treatment with
NaB in HCT-116 (Fig. 2a). Consistently, we also found the
induction of p-AMPK« and p-ACC resulted from NaB treat-
ment in HT-29 cells (Fig. 2b), indicating that this phenomenon
was not cell line specific. However, this AMPK/ACC activa-
tion effect of NaB was increased to the maximum at 1 mM and
then slightly decreased in HT-29 cells (Fig. 2b). Compared
with control group, NaB (5 mM for HCT-116 cells, | mM
for HT-29 cells) caused a drastic induction of phosphorylated
AMPKx (Thr172) and ACC (Ser79). These data indicated
that NaB activates the AMPK/ACC signaling cascade in
CRC cells.

AMPK is required for NaB-mediated autophagy in CRC
cells

To further investigate whether AMPK is required for NaB-
induced autophagy, we used the AMPK inhibitor compound
C (2 uM) to pretreat HCT-116 and HT-29 cells for 1 h before
NaB exposure. Com. C effectively blocked NaB-stimulated
phosphorylation of AMPK« and ACC (Fig. 3a, b). More im-
portant, NaB-induced LC3 expression was also suppressed by
compound C in protein (Fig. 3a, b) and mRNA (Fig. 3¢, d)
levels. These results indicated that AMPK is critical for NaB-
mediated autophagy in CRC cells. To further confirm the role
of AMPK in NaB-induced autophagic response, we used the
AMPK «-specific siRNAs to knockdown the expression of
AMPK«x. AMPKa-specific siRNAs effectively reduced the
expression of AMPK« both in protein and RNA levels com-
pared with control siRNA in HCT-116 and HT-29 cells
(Supplementary Fig. 1). The AMPK o siRNAs also decreased
the expressions of AMPK«, p-AMPK«x, ACC, and p-ACC
(Fig. 4a, b). Additionally, the expression of LC3-II was

significantly downregulated by AMPK « siRNA in the protein
(Fig. 4a, b) and mRNA levels (Fig. 4c, d). These results,
including the specific chemical inhibitor and genetic inhibi-
tion of AMPK «, indicated that AMPK was required for NaB-
induced autophagy in CRC cells.

LKB1 signaling was involved in NaB-induced
autophagy in CRC cells

LKBI1 is a tumor suppressor and acts as the upstream serine/
threonine kinase that phosphorylates and activates AMPK
signaling [13, 33]. Therefore, we detected the effects of NaB
on LKBI expression and activation in CRC cells. NaB treat-
ment induced the phosphorylation of LKB1 in HCT-116
(Fig. 5a) and HT-29 cells (Fig. 5b). LKB1 phosphorylation
significantly elevated at 2 and 5 mM NaB in HCT-116
(Fig. 5a) but at 0.1, 0.5, 1, 2, and 5 mM NaB in HT-29 cells
(Fig. 5b). To determine whether LKB1 is functionally in-
volved in the regulation of NaB-induced autophagy in CRC
cells, we knockdowned the expression of LKB1 by LKBI1-
specific siRNAs. LKB1-specific siRNAs dramatically sup-
pressed the expression of LKB1 in both protein and mRNA
level in HCT-116 and HT-29 cells (Supplementary Fig. 2).
Moreover, LKB1 siRNAs significantly suppressed the down-
stream signaling of LKB1, including the phosphorylation of
AMPKoa and ACC in HCT-116 (Fig. 6a, e) and HT-29 cells
(Fig. 6b, f). In addition, the expression of LC3-II was also
downregulated by LKB1x siRNA in the protein (Fig. 6a, b)
and mRNA levels (Fig. 6¢, d). These results indicated that
LKBI is required for NaB-induced AMPK and ACC phos-
phorylation and autophagy in CRC cells.

Discussion

Autophagy is a lysosomal degradation pathway for the break-
down of intracellular proteins and organelles. Mounting evi-
dence reveals that autophagy is essential for the progression or
prevention of cancer. NaB exhibits the anti-tumor activity by
regulation of several cancer-related genes [28], but whether
autophagy involves in NaB-mediated biological effects in co-
lon cancer cells is still not fully understood. Here, we demon-
strated that NaB induces autophagy in CRC cells, at least
partially, through activation of the LKB1-AMPK signaling
pathway for the first time. Our previous study has shown that
chloroquine treatment alone increases the accumulation of
LC3-Iin both HCT-116 and HT-29 cells, indicating inhibition
of autophagy successfully blocked LC3 degradation [43]. In
addition, chloroquine and NaB co-treatment considerably el-
evates the LC3-II level as compared with the NaB treatment
alone [43]. These findings suggest that NaB treatment in-
creased autophagic flux in our model.
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Fig.2 Sodium butyrate induced AMPK and ACC activation in colorectal
cancer cells. HCT-116 (a) and HT-29 (b) cells were treated with the
indicated concentrations of sodium butyrate (NaB) for 2 h. Protein ex-
pression of AMPK«, p-AMPK«, ACC, and p-ACC was determined by
western blot. Representative blots of p-AMPKax and p-ACC expression

NaB exhibits the anti-cancer activities, such as decreasing
tumor proliferation and inducing apoptosis via regulation of
histone deacetylase (HDAC), SIRT-1, caspase 3, NFkB, and
ROS in various types of cancer [14, 26, 28]. Our previous
study showed that the cell viability was significantly inhibited
at 0.5, 1, 2, and 5 mM of NaB in HCT-116 cells but at 2 and
5 mM of NaB in HT-29 cells [43]. HDAC has been studied as
an attractive target for anti-cancer drug development by
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were quantified by densitometry and normalized to GAPDH. The fold
change compared to control group is indicated as the mean + SD of three
independent experiments. Different letters indicate statistically significant
differences between groups (P < 0.05)

targeting the cancer epigenome for decades [39]. Since NaB
is a natural product with the inhibitory activity of HDAC,
there are many clinical trials aiming to evaluate NaB as a
potential anti-cancer drug for treating human cancers [17].
Beside the HDAC inhibitory effect, NaB shows anti-cancer
ability in different cancers through various pathways. In he-
patocellular carcinoma cells, NaB increased the ROS level
and then inhibited Akt and mTOR signaling, which in turn
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Fig. 3 Inhibition of AMPK a
activity suppressed sodium
butyrate-induced autophagy in
colorectal cancer cells. HCT-116
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resulted in autophagic response [29]. Tributyrin (a butyric acid
prodrug) shows chemopreventive effects by activation of p53-
mediated tumor suppressive pathway [4]. In combination with
calpain inhibitor, NaB increased the expression of tumor sup-
pressors, including ARHI, p21, and RAR{32 to inhibited cell
cycle progression and induced autophagy in ovarian cancer
cells [18]. These studies indicate that NaB may modulate dif-
ferent pathways to illustrate multiple biological functions. To

p-ACC/GAPDH

LC31I1 /GAPDH

(fold of Control)

LC3 mRNA expression

o

date, accumulated evidence suggests the involvement of
LKB1-AMPK energy-sensing pathway in the process of au-
tophagy, such as vascular smooth muscle cell (VSMC) senes-
cence, non-small-cell lung cancer, hepatocellular carcinoma,
and atherosclerosis [12, 21, 22, 42]. In the present study, we
also found that NaB induced autophagy through
LKB1/AMPK/ACC axis in CRC cells, but the final fates of
NaB-treated CRC cells need further investigations.
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Fig. 4 RNA interference
targeting AMPK« blocked
sodium butyrate-induced
autophagy in colorectal cancer
cells. HCT-116 (a) and HT-29 (b)
cells were transfected with
negative control (NC) or
AMPK«-specific siRNAs for

48 h and then treated with or
without 2 mM sodium butyrate
(NaB) for 24 h. AMPK«, p-
AMPK«, ACC, p-ACC, and LC3
protein expressions were
examined by western blot. The
expression level of each protein
was determined by densitometry
and normalized to GAPDH.
mRNA levels of LC3 in HCT-116
(¢) and HT-29 (d) cells were
determined by real-time RT-
gqPCR. Means and SD of three
independent experiments are
shown. Different letters indicate
statistically significant differences
between groups (P < 0.05)

A study screening 10 human CRC cell lines by Lazarova
et al. has demonstrated that human CRC cell lines can be
divided into two categories according to their response to
NaB treatment: those respond to NaB treatment with a high
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fold induction of canonical Wnt activity and apoptosis (e.g.,
COLO201, LS174T, DLD-1, HCT-116) and those exhibit a
relatively lower fold induction of canonical Wnt activity and
apoptosis in response to NaB treatment (e.g., LoVo, SW48,
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Fig.5 Sodium butyrate induced LKB1 activation in CRC cells. HCT-116
(a) and HT-29 (b) cells were treated with the indicated concentrations of
sodium butyrate (NaB) for 2 h. Representative blots of p-LKB1 expres-
sion were quantified by densitometry and normalized to GAPDH. The

RKO, HT-29) [19]. Thus, we selected two CRC cell lines
(HCT-116 and HT-29) with different responses to NaB treat-
ment in this study. Donohoe et al. have detected 3.5 mM,
0.8 mM, and 0.5 mM concentration of NaB in the proximal,
medial, and distal segments of mouse colon lumen, and sug-
gested that the concentration of NaB in colonic epithelial cells
generally ranges between 0.5 and 5 mM [7]. In this study, we
used 0.1 mM to 5 mM concentration of NaB, which is within the
physiological range. We observed subtle differences in the re-
sponses to NaB treatment under concentration gradient (0—
5 mM) between HCT-116 and HT-29 cells. For example, NaB
upregulated p-LKB1, p-AMPK, and p-ACC expression at pro-
tein levels in a dose-dependent manner in HCT-116 cells but not
HT-29 cells. The expression of p-LKB1, p-AMPK, and p-ACC
was firstly increased to the maximum at 1 mM, and then this
induction was minor reduced at 2 and 5 mM in HT-29 cells.
LKBI1 phosphorylation significantly elevated at 2 and 5 mM of
NaB in HCT-116 but at 0.1, 0.5, 1, 2, and 5 mM concentration of
NaB in HT-29 cells. Our previous study also showed that cell
viability was significantly inhibited at 0.5, 1, 2, and 5 mM con-
centration of NaB in HCT-116 cells but at 2 and 5 mM of NaB in
HT-29 cells [43]. Since Lazarova et al. have shown that HCT-116
cells are more sensitive to NaB than HT-29 cells in the activation
of Wnt signaling [19], therefore, the differences in intracellular
signaling thresholds between HCT-116 and HT-29 cells may
contribute to the differences in the responses to NaB treatment

b HT-29

P-LEKBI [ s s S s S s—

LKBI I- — —a— —— "|
GAPDH |« Sl SIS S S— —

NaB(mM) 0 01 05 1 2 5

p-LKB1/GAPDH

N
Q

fold change is indicated as the mean + SD of three independent experi-

ments. Different letters indicate statistically significant differences be-
tween groups (P <0.05)

between HCT-116 and HT-29 cells in our study. Additionally, it
has been reported that treatment with 3 mM NaB for 48 h me-
diated autophagy to support HT-29 cells survival, but induced
autophagic cell death and apoptosis in HCT-116 cells [37]. The
different responses in the two CRC cell lines may result from the
differentiating ability of cells. These findings implied that differ-
ent CRC subtypes might respond to butyrate therapy differently
in a clinical setting.

Autophagy is an evolutionarily conserved degradative process
for removing organelles and proteins under harmful conditions
[11]. There are three subtypes of autophagy, including
macroautophagy, microautophagy, and chaperone-mediated au-
tophagy (CMA) [30]. In our study, we did not exactly distinguish
which type of autophagy was induced by NaB; although we
mainly referred to macroautophagy, we did not exclude other
two types of autophagy, the microautophagy and CMA, which
may also be involve in NaB’s functions. Autophagy interaction
with apoptosis decides the fate of cancer cells in response to anti-
cancer treatments, including chemotherapy, target therapy, and
radiation therapy [31]. Autophagy may parallel with apoptosis or
sequentially leads to or follow by an apoptotic process in CRC
cells upon the stimulations [3, 20]. Otherwise, lines of evidence
also reported the protective function of autophagy by antago-
nized apoptosis in CRC cells under anti-cancer drugs treatment
[31]. Our previous study has already shown that preventing au-
tophagy enhanced NaB-induced apoptosis in CRC cells [43].
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<« Fig. 6 LKBI siRNA suppressed NaB-induced AMPK/ACC activation
and autophagy in colorectal cancer cells. HCT-116 (a) and HT-29 (b) cells
were transfected with negative control (NC) or LKB1-specific siRNAs
for 48 h and then treated with or without 2 mM of NaB for 24 h. Negative
control (NC) scramble siRNA acts as the negative control for the trans-
fection. The expressions of LKB1, p-LKB1, AMPK«, p-AMPK«, ACC,
p-ACC, and LC3 proteins were investigated by western blot. The expres-
sion level of each protein was determined by densitometry and normal-
ized to GAPDH (e, f). mRNA levels of LC3 in HCT-116 (¢) and HT-29
(d) cells were determined using real-time PCR. Means and SD of three
independent experiments are shown. Different letters indicate statistically
significant differences between groups (P < 0.05)

The destiny of cancer cells is decided by the balance between
numerous autophagy-related or apoptosis-related proteins, such
as Bcl-2 family, p53, mTOR, Atg5, and Beclin-1 [31].

Cancer cells may have different ways in response to the
anti-cancer therapy, such as apoptosis, necrosis, necroptosis,
and autophagy [16, 41]. In summary, the present study dem-
onstrates that the LKB1-AMPK« signaling pathway plays a
critical role in NaB-induced autophagy in CRC cells. Further
study on the molecular mechanisms involved in the cancer
progression and drug response of CRC may provide novel
therapeutic strategy and clinical values.
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