MOLECULAR MEDICINE REPORTS 17: 4633-4638, 2018

SP1 reduces autophagic flux through
activating p62 in gastric cancer cells
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Abstract. Gastric cancer is the most common type of gastro-
intestinal cancer, causing mortality worldwide. However, the
underlying molecular mechanism in gastric cancer progres-
sion remains unclear. The autophagic flux was determined
in gastric cancer cells overexpressing or inhibiting Spl
transcription factor (SP1) using western blotting, reverse
transcription-polymerase chain reaction and immunofluores-
cence staining. Luciferase and ChIP assays were performed
to detect the potential underlying mechanism of SP1 in
gastric cancer cells. Lastly, immunohistochemistry was also
performed on SP1 and p62 expression levels in human gastric
cancer specimens. It was demonstrated that SP1 diminished
autophagic flux via activating p62 in gastric cancer. Moreover,
SP1 deficiency increased the rate of autophagy of gastric
cancer cells. Notably, it was observed that SP1 enhanced the
expression levels of p62 by directly binding to the promoter of
p62. Analysis of gastric cancer specimen staining established
that p62 expression levels were increased in SPI1-positve
gastric tissues. The present study provided evidence for a novel
mechanism regulating autophagy in gastric cancer cells.

Introduction

Gastric cancer is one of the top three leading causes of cancer
death in the United States and China (1). It is a multifactor
disease with high prevalence risk which can be presence for
several years before its symptoms develop and its clinical
outcome is difficult to predict. The factors of both genetics
and epigenetic are usual causes of gastric cancer progression
and development (2,3), however the underlying molecular
mechanism is still unclear.
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Macroautophagy (hereafter referred to as autophagy)
is a homeostatic process involved in turnover of long-lived
proteins and whole organelles by lysosomal activity that
eliminates supernumerary or damaged organelle (4-6). It has
been widely accepted that appropriate autophagic flux had
beneficial effect on reducing the risk for diseases, especially
in cancer (7). In general, autophagy is a survival mechanism
induced in adverse environment. However, autophagy defi-
ciency also lead to the tumors malignancy degree increased,
gastric cancer included (8). Moreover, gastric carcinogenesis
could be inhibited through autophagy induction (9,10). Due to
the pivotal role of autophagy in gastric cancer progression, the
key player autophagic adaptation has been considered as drug
target for gastric cancer prevention and management.

SP1 is a zinc finger transcription factor belongs to the SP1
multigene family (SP2, SP3 and SP4), which plays an impor-
tant role in development but also play a role in cancers (11).
SP1 regulates target gene transcription by binding to their
promoter contain GC boxes (12,13). Unique SP1 expression
has been observed in malignant gastric tissues, and proven
to have a close correlation with insulin-like growth factor I
receptor (IGF1R) expression in gastric cancer (14-16). Besides
that, dysregulated SP1 expression may contributed to the
growth and metastasis of gastric cancer and can be a potential
therapeutic target. However, little was known about how SP1
function in autophagy of gastric cancer.

In our study, we found that overexpression of SP1 decre-
ased the autophagic flux in gastric cancer cells, whereas SP1
deficiency induces autophagy of cancer cells. Intriguingly,
we observed SP1 could enhance the expression level of p62,
by directly binding to the promoter of p62. Additionally, we
found that p62 expression levels were upregulated in gastric
tissues specimens together with SP1 expression. Together, we
provided evidence for a novel mechanism regulating autophagy
in gastric cancer cells.

Materials and methods

Ethics statement. The human gastric specimens were obtained
during surgery from patients at the Department of General
Surgery, The Second Hospital of Wenzhou Medical University.
All the procedures were reviewed and approved by the Ethics
Committee of The Second Hospital of Wenzhou Medical
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University (L-2016-27), and informed consent was obtained
from all patients.

Cell culture and transfection. Human gastric cancer cells
AGS and N87 (ATCC, Manassas, VA, USA) were culture in
Dulbecco's modified Eagle's medium (DMEM) supplemented
with 10% FBS, 1 mM glutamine, 100 U/ml penicillin, and
100 mg/ml streptomycin. Transfection was performed using
Lipofectamine 2000 according to the instructions.

Plasmid and luciferase assay. For construction luciferase
reporter plasmids, the promoter fragment of p62 was ampli-
fied from human genome cDNA and inserted into PGL3-basic
vector. SP1, control plasmids, and p62 siRNA oligo were all
purchased from Genechem (Shanghai, China).

AGS cells were planted in a 48-well plate and co-transfected
with SP1 plasmid or control, pRL-TK and pGL3-p62-promoter.
Forty-eight hours after transfection, cells were lysed and rela-
tive luciferase activity was analyzed with the Dual Luciferase
Reporter Assay System on a luminometer (both from Promega,
Madison, WI, USA).

Chromatin immunoprecipitation assay. Chromatin immu-
noprecipitation assay was performed as previously described
by using Magna ChIP™ kit (Millipore, Billerica, MA,
USA) (17). In brief, AGS cells were transfected with SP1
plasmids for 48 h, then chromatin was immunoprecipitated
using anti-SP1 antibody (ab13370; Abcam, Cambridge, UK)
at dilution 1:10. RT-PCR was performed to determine SP1
binding site. ChIP primer sequences are provided: Forward,
GGCAGGTGCAGCACGTGC and reverse, TCAGAAAGG
CAGGCGCTGC.

Immunofluorescence staining. AGS cells were seeded into
12-well plate, then transfected with plasmids. After 48 h, the
cells were fixed with cold methanol and permeabilized with 1%
Triton X-100 in PBS for 15 min. Anti-LC3b antibody (3868s,
1:200; Cell Signaling Technology, Inc., Danvers, MA, USA)
was placed in PBS at 4°C overnight, following by incubation
with Alexa Fluor 594 (CA11012s, 1:1,000; Invitrogen Life
Technologies, Carlsbad, CA, USA) for 1 h at room tempera-
ture. The nucleic were stained using DAPI (C1005, 1:1,000;
Beyotime Institute of Biotechnology, Haimen, China) for
3 min at room temperatuire. Finally, cell images were taken
using a microscope (Olympus BX61; Olympus, Tokyo, Japan),
then the LC3b-positive cells were calculated.

Real-time PCR. RNA was isolated using TRIzol reagent from
cells, 500 ng of RNA was reverse-transcribed into cDNA using
the RT system by PrimeScript RT reagent kit (RR037A; Takara).
Real-time PCR which contain 4.6 ul CDNA, 5 ul SYBR Green
(4887352001; Roche Diagnostics, Basel, Switzerland) and 0.4 ul
primers was performed on ABI 7500 Fast Real Time PCR system.
The following primers were used in this study: GAPDH forward,
CTGGGCTACACTGAGCA CC and reverse, AAGTGGTCG
TTGAGGGCAATG; LC3b forward, GATGTCCGACTTATT
CGAGAGC and reverse, TTGAGCTGTAAGCGCCTTCTA;
ATG4b forward, ATGGACGCAGCTACTCTGAC and reverse,
TTTTCTACCCAGTATCCAAACGG; ATGS forward, AAA
GATGTGCTTCGAGATGTGT and reverse, CACTTTGTC
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AGTTACCAACGTCA; p62 forward, GCACCCCAATGTGAT
CTGC and reverse, CGCTACACAAGTCGTAGTCTGG.

Western blotting. Cells were lysed in RIPA lysis buffer
containing 10 mM Tris-HCI (pH 7.5), 1% SDS, 1 mM Na,;VO,,
10 mM NaF and protease inhibitor cocktail (4693132001; Roche
Diagnostics). Protein samples (20 pg) were subjected to immu-
noblotting, resolved on SDS-PAGE with 80 V, transferred onto
nitrocellulose membranes with 300 mA for 3 h and blocked by
5% skim milk then probed with the various antibodies at 4°C
overnight. Second day, the membranes washed with TBST
buffer and probed with second antibodies which diluted with 5%
skim milk at 1:1,500. Detection was performed by measuring
the chemiluminescent signal as assayed by SuperSignal Ultra.
SDS-PAGE (15%) for LC3b and 10% SDS-PAGE for other
protein. Antibodies anti-SP1 (9389s, 1:1,000; Cell Signalling
Technology, Inc.), anti-p62 (610833, 1:1,000; BD Biosciences,
Franklin Lakes, NJ, USA), anti-LC3b (3868s, 1:1,000; Cell
Signalling Technology, Inc.), GAPDH (1:5,000; Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) diluted with 5% BSA were
used for western blotting.

Immunohistochemistry analysis. A representative forma-
lin-fixed paraffin-embedded tissue block was chosen from
the 10 gastric cancer tissues and 17 normal gastric tissues.
Sections mounted on poly-L-lysine-coated slide were incu-
bated for 30 min at 60°C, deparaffinised by standard methods,
and placed in 0.05 m Tris-HCI buffer, pH 7.2. Antigen retrieval
was performed for 20 min in 10 mm sodium citrate buffer
(pH 6.0) heated at 95°C in a steamer, followed by cooling for
20 min. After blocking endogenous peroxidase activity with
0.3% aqueous hydrogen peroxide for 5 min, the primary poly-
clonal anti-spl and anti-p62 antibody was incubated with the
sections at a final dilution of 2 yg/ml for 30 min. The relative
level was quantified by Image-Pro Plus. The distribution of
immunolabelling was determined from a minimum of three
representative high-power (x400 magnification) fields and
categorised into three groups: 0%, negative; 1-25%, focal; and
26-100%, diffuse.

Statistical analysis. All results are represented as mean + SEM
from three independent experiments at least. Student's t-test
was used to analyze the differences in mean values between
two groups by GraphPad Prism 5.0 (GraphPad Software, Inc.,
LaJolla, CA, USA). P<0.05 was considered to indicate a statis-
tically significant difference.

Results

Overexpression of SPI inhibits autophagy in gastric cancer.
To explore a potential role of SP1 in gastric cancer, we first
overexpressed SP1 in two human gastric cancer cell lines,
AGS and N87. Interestingly, we observed decreased protein
level of autophagy marker LC3b and increased protein level of
p62, along with the increase of SPlexpression (Fig. 1A). Many
studies have proved that those ATG genes expression promoted
autophagy. LC3B localizes to the autophagosome membrane
which was the key regulator involved in autophagosome
formation (18). Atg5 protein could conjugate with Atgl2 and
Atg8 (LC3) and involved in the early stages of autophagosome
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Figure 1. Overexpression of SP1 inhibits autophagy in gastric cancer. (A) Western blot analysis of SP1, p62 and LC3b protein expression in AGS and N87 cells
after transfected with control or SP1 plasmids. GAPDH was used as a loading control. (B) RT-PCR analysis of autophagy-related gene mRNA expression in
AGS and N87 cells transfected with control or SP1 plasmids for 48 h. n=4. (C) Autophagic flux in AGS cells was determined by LC3b staining. Cells were
transfected with control or SP1 plasmids. Representative images of cells were taken. Scale bar, 20 ym. The numbers of autophagesome puncta were also shown.
Results are means = SEM of three independent experiments. ‘P<0.05, “P<0.01, “*P<0.001.
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Figure 2. Inbihition of SP1 induces autophagy in gastric cancer. (A) Western blot analysis of SP1, p62 and LC3b protein expression in AGS and N87 cells
after transfected with control or Si-SP1 oligos. GAPDH was used as a loading control. (B) RT-PCR analysis of autophagy-related gene mRNA expression in
AGS and N87 cells transfected with control or si-SP1 oligos for 48 h. (n=4). (C) Autophagic flux in AGS cells was determined by LC3b staining. Cells were
transfected with control or si-SP1 oligos. Representative images of cells were taken. Scale bar, 20 #m. The numbers of autophagesome puncta were also shown.
Results are means + SEM of three independent experiments. “P<0.05, “P<0.01.
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formation (19). ATG4B (autophagin-1) shows the catalytic  protein is an autophagy-specific substrate, the accumulation
efficiency for cleaving the C terminus of LC3B (20). And p62  of p62 protein is always employed as a readout for autophagy
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Figure 3. SP1 promotes p62 expression at transcriptional level. (A and B) AGS
cells were transfected with control or SP1 plasmids at different amount of SP1
plasmids. After 48 h, the protein (A) and mRNA (n=2) (B) levels of p62 were
determined. (C) The schematic view of p62 genomic structure. The location
of SP1 GC box was shown. (D) Luciferase reporter plasmid containing the
promoter of p62 was co-transfected with control and SP1 plasmids into AGS
cells. After 48 h, luciferase activity was determined. (n=6). (E) ChIP assay
was performed in AGS cells after transfected with SP1 plasmid. Anti-SP1
antibody was used. Results are means + SEM of three independent experi-
ments. “'P<0.01, ““P<0.001.

impairment (21). Therefore, those genes are widely used as a
markers of autophagic activity. To test whether SP1 alters the
expression of the ATG genes (LC3b, ATG4b and ATGS) in
gastric cancer cells, we used qRT-PCR and demonstrated that
the mRNA expression of these genes were inhibited by the
expression of SP1 in AGS and N87 cell lines (Fig. 1B). Also,
decreased formation of autophagosomes labeled by LC3b anti-
body have been found in AGS cells expressing SP1 compared
to the control (Fig. 1C). So these results indicated that SP1
may have a role in regulating autophagic pathways in gastric
cancer cells.

Inbihition of SPI induces autophagy in gastric cancer. As
the data shown using SP1 overexpression, to confirm our
hypothesis that spl plays a role in autophagic pathways and
we respectively transfected control and si-spl oligos to both
AGS and N87 cells by Lipo 2000 and 48 h after transfec-
tion, cells were lysed. As expected the protein level of spl
was downregulated in both AGS and N87 cell (Fig. 1A).
Consistently, we found that knockdown of SP1 in both AGS
and N87 cells promoted the transition of LC3-Ito LC3-II, and
the protein level of p62 was diminished treated with si-SP1
oligos compared to the cells treated with control oligols
(Fig. 2A). Furthermore, we also observed that SP1 deficiency
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led to an increasing of ATG genes (LC3b, ATG4b, ATGS)
mRNA expression in both AGS and N87 cells (Fig. 2B). To
further confirm the changes of autophagy accompany with
spl, AGS cells which were either transfected with a control
or spl plasmid were isolated and immunofluorescence
staining against LC3b antibody was applied and it was
found that the inhibition of SPI resulted in a clear increase
in the autophagic flux (Fig. 2C). These results suggested that
inhibition of the endogenous SP1 affected the process of
autophagy.

SP1 promotes p62 expression at transcriptional level. Accor-
ding to the above results, we speculated that the expression
level of p62 was mediated by spl. The transcriptional activity
of the p62 promoter was reported mediated by some transcrip-
tion factors, such as NRF2 (22). However, whether SP1 could
affect the expression of p62 and p62-mediated autophagy was
unknown. To confirm our hypothesis, we isolated AGS cells
which were either transfected with a control or spl plasmid
and then quantified the protein level of p62. As shown
in Fig. 3A and B, a dose-dependent protein level change of
p62 in relation to SP1 was noticed. Overexpression of SP1
upregualted the p62 expression in both protein and mRNA
levels intriguingly. Spl is a well-known transcriptional factor
and regulate many genes expression through binding to their
promoter. Therefore we speculated that spl may bind to the
promoter of p62. By analyzing the sequence before the p62
transcription start site, we found a potential SP1-bingding
element (GGGCGQG) located upstream of p62 (Fig. 3C).
Then we cloned this region into a luciferase reporter plasmid
(WT) and evaluated the transcriptional activity when SP1
overexpression in AGS cells. As shown in Fig. 3D, SP1 could
increase p62 promoter transcriptional activity. To evaluated
whether SP1 could be recruited to the promoter of SP1, ChIP
assay was performed in AGS cells. In agreement with the
results in luciferase assay, we detected the recruitment of SP1
to the p62 promoter in ChIP assay (Fig. 3E). Taken together,
these results indicated that SP1 may positively regulate p62
transcriptional activity by binding to its promoter in gastric
cancer cells.

p62 is required for SPI-mediated autophagy inhibition.
According to the above results, we found that spl could
affect both the expression of p62 and the autophagy in
gastric cancer cells. So we hypothesis that spl regulated
autophagy is p62-dependent in gastric cancer cells. To
confirm our hypothesis we extended our observation of
SP1 regulatory network in AGS cells. Overexpression of
SP1 increased p62 expression and led to downregulation
of autophagic flux, while knockdown of p62 resulted in
upregulation of LC3b-II even though with the presence of
high SP1 expression (Fig. 4A). These results, taken together,
indicated that SP1 promoted gastric cancer cells autophagy
via activating p62, and in other words, p62 is required for
SP1-mediated autophagy inhibition. In addition, to further
confirm the results we had founded, the immunoreactivity of
SP1 and p62 was analyzed in the gastric cell nuclear staining
As shown in Fig. 4B and C we observed increasingly high
spland p62 expression in gastric cancer specimens which
was consistent to our study.
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Figure 4. p62 is required for SP1-mediated autophagy inhibition. (A) Western blot analysis of p62, SP1 and GAPDH in AGS cells after transfected with SP1
plasmids and (or) si-p62 oligos. (B and C) Representative images of immunohistochemical staining of SP1 in tumor tissues (n=6) and normal tissues (n=7) (B)
and (C) p62. The distribution of immunolabelling was determined from a minimum of three representative high-power (x400) fields and categorised into three
groups: 0%, negative; 1-25%, focal; and 26-100%, diffuse. The relative level was quantified by Image-ProPlus (right). Scale bar, 50 ym. "P<0.05, ““P<0.001.

Discussion

Gastric cancer is one of the most popular and aggressive
cancers worldwide. Although factors of both genetics and
epigenetic are usual causes of gastric cancer progression and
development (23), but the underlying molecular mechanism
is still unclear. Autophagy plays a pivotal role in cancer
progression. It is well accepted that appropriate autophagic
flux is critical for cancer cells (24). Here we identified a novel
regulatory mechanism that SP1 acted as a negative regulator
of autophagy by activating p62 transcription in gastric cancer
cells. The SP1-p62 axis may facilitate the tumorigenesis in
gastric cancer.

SP1 is one of the general zinc finger transcription factor
SP family, which plays an important role in cancer progres-
sion (25). It had been observed that the expression of SP1 was
significantly elevated in gastric cancer specimens, and proved
to have a closed correlation with patient survival (16). It is
suggesting that SP1 signaling pathway may have a positive
effect on gastric cancer progression and SP1 could be a prog-
nostic marker for diagnosis of gastric cancer. However, little
was known about how SP1 function in autophagy of gastric
cancer. In the present study, we showed that SP1 could inhibit
autophagy level in gastric cancer cells. SP1 deficiency led to a
significant increase of autophagic flux in gastric cancer cells.
Mechanistically, we found SP1 could increase the transcrip-
tional activity of p62 through binding to the GC box located in
the upstream of SP1. We further confirmed that by Luciferase
assay and ChIP assay. Nonetheless, whether SP1 will function

to affect the other aspects of gastric cancer remain further
validation.

Alteration of autophagy-related genes was found in gastric
cancer (26,27). It had been found that autophagy played a
protective role at early stage of carcinogenesis (28,29). Auto-
phagy deficiency led to accumulation of p62 in cells (30).
The p62 protein is a structural component of the autophage-
some (31,32). Accumulation of p62 can promote tumorigenesis.
We here found that the p62 expression level was increase in
SP1-positve gastric specimens further supporting the notion
that SP1 could target p62 expression. Besides that, we also
observed that SP1-mediated autophagy inhibition was blocked
when elimination of p62, but the underlying mechanism is still
not clear. The recent study of Mathew et al added a number of
interesting twists to the role of p62 in cancer. These investiga-
tors showed that when cells with impairment in both apoptosis
and autophagy were metabolically stressed, the accumulation
of p62 led to enhanced tumorigenicity through an as yet unde-
fned mechanism involving increased aneuploidy (30). These
observations placed p62 as the missing link between defcient
autophagy and increased tumorigenesis through the control of
genome instability (33). An interesting feed-forward loop may
contribute to this process. The increased ROS production in
these cells may be responsible, at least in part, for the induction
of p62 expression. p62 overexpression then contributes to addi-
tional ROS production as part of an amplifying loop, thereby
promoting genome instability and autophagy. Meanwhile it is
plausible that when cells are deprived of nutrients and oxygen,
and p62 overexpression reaches a certain threshold level,
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NF-«B, which is a critical regulator of survivalis, inhibited by
the mopping up of critical components of the NF-kB pathway
into huge p62 aggregates. The dysregulated expression of SP1
resulted in hyperactivation of p62 may help the gastric cancer
cells survival or growth under adverse condition.

In conclusion, our results provide evidence that SP1

inhibits gastric cancer cell autophagy via activating of p62.
Further study will focus on the vivo effects of SP1 or p62 in
gastric tissues. Our finding would provide a novel strategy for
the treatment of gastric cancer.
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