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Original Article

Background: Autophagy and the unfolded protein response (UPR) are mechanisms with dual roles in both 
maintaining cellular homeostasis and controlling the progression of various diseases such as cancer. Therefore, 
the identification of different molecules and proteins involved in the regulation of these pathways may contribute 
to finding new therapeutic targets. A member of the M28 family of the metallopeptidases, endoplasmic 
reticulum metalloprotease 1 (ERMP1), is overexpressed in cancers such as colorectal cancer. The role of this 
protein in UPR activation was previously reported in breast cancer. We aimed to evaluate the role of ERMP1 
in the activation of autophagy and apoptosis in colorectal cancer. 
Methods: ERMP1 gene silencing was performed using specific small hairpin RNA (shRNA) in the HCT-116 colorectal 
cancer cell line. Then, autophagy-associated protein markers including Beclin 1, p62, and LC3II were evaluated 
via western blotting. The effect of ERMP1 knockdown on cellular apoptosis was also assessed by propidium iodide 
staining flow cytometry analysis. Statistical analysis was performed using SPSS software version 20. 
Results: All three autophagy markers increased significantly in the ERMP1-silenced HCT116 cell lines 
compared with negative control cells (P<0.05). It seems that ERMP1 silencing inhibits autophagy at the flux 
stage. However, ERMP1 knockdown had no significant effect on HCT-116 apoptotic cell death (P>0.05). 
Conclusion: The oncogenic protein, ERMP1, activates autophagy in the HCT-116 colorectal cancer cell line. 
Targeting ERMP1 may be considered as a proper approach in colorectal cancer therapy. Further investigations 
are required to confirm these results.
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Introduction

The increasing incidence of colorectal cancer 
during the recent decades is a major concern. A 

wide range of genetic alterations, mechanisms, and 
signaling pathways are involved in the development 
of cancers like colorectal cancer (1, 2). 

Autophagy is a self-degradative process, which 
is activated in eukaryotic cells in response to 
stress conditions like hypoxia and starvation. In 
the endoplasmic reticulum stress state, autophagy 
preserves the cells by maintaining protein and 
lipid homeostasis, mitochondria metabolism, and 
organelle recycling (3). During the autophagy 
process, a series of molecular events occur, leading 
to the formation of vesicles called autophagosomes 
containing defective organelles and proteins that have 
lost their structure. Eventually, the contents of the 
autophagosomes are degraded by autophagosome-
lysosome fusion (4). Microtubule-associated 
protein 1 light chain 3B (LC3) is essential for the 
maturation of the autophagosome during autophagy. 
The autophagy-related protein 4 (ATG4) protease 
cleaves the C-terminal polypeptide of LC3 and 
generates LC3I. Then, covalent conjugation of LC3I 
to phosphatidylethanolamine (PE) by a complex of 
ATG proteins (ATG3, ATG7, ATG12-ATG5-ATG6L) 
generates LC3II. LC3II is recruited to the membrane 
of autophagosomes and autolysosomes and is 
degraded by lysosomal hydrolysis. Therefore, LC3II 
is a marker of autophagy activation (5). Also known 
as sequestosome-1 (SQSTM1), P62 is a classical 
substrate and receptor of autophagy. P62 connects 
to ubiquitinylated protein substrates through the 
C-terminal ubiquitin-associated domain (UBA) and 
also binds to LC3 through its LC3-interacting region 
(LIR). Finally, P62 promotes selective degradation 
of ubiquitinylated proteins. Therefore, p62 is known 
as a key indicator of autophagy flux (6, 7).

In addition to the autophagy, another signaling 
pathway named the unfolded protein response (UPR) 
is activated following endoplasmic reticulum (ER) 
stress conditions (8). The UPR pathway initially 
stops protein translation to maintain homeostasis 
and restore normal ER activity by activating a 
series of signaling pathways; it also contributes to 
proper protein folding by increasing the production 
of molecular chaperones. Continuous stimulation 
and prolonged stress of the ER leads the UPR and 
autophagy pathways toward apoptosis (9). 

Autophagy is one of the mechanisms that, besides 
maintaining cellular homeostasis, can lead to 
the development and progression of pathological 
conditions such as cancer (10). The role of autophagy 
in cancer is quite complex and still under discussion. 
It seems that in the early stages of cancer formation, 
autophagy plays a role in inhibiting the tumor, but 
in the late stages, autophagy helps cancer cells to 
survive (11, 12). Autophagy is also responsible for the 
resistance of cancer cells to anti-cancer drugs (13, 14).

In comparison with normal cells, proliferation is 
increased and occurs more rapidly in cancer cells, 
and glycolytic metabolism is also altered. Therefore, 
cancer cells have more metabolic requirements and 
experience more stress, making their survival more 
dependent on autophagy (15). Various studies have 
shown that inhibition of autophagy can play an 
important role in treatment processes (16, 17).

Considering that autophagy has a dual role both in 
cell survival and cell death, identification of different 
pathways and enzymes involved in the regulation of 
autophagy may contribute to finding new therapeutic 
targets.

Endoplasmic reticulum metalloprotease 1 (ERMP1) 
is a member of the M28 family of metallopeptidases. 
The ERMP1 protein with 898 amino acids plays an 
essential role in normal ovarian histogenesis and is 
encoded by the ERMP1 gene located on chromosome 
9p24 (18, 19). 

A recent study indicated the overexpression 
of ERMP1 in cancers like ovary, breast, lung, 
and colorectal cancer (20). During ER stress, the 
enhancement of ERMP1 expression activated the 
UPR and facilitated the survival of breast cancer 
cell lines. On the other hand, ERMP1 gene silencing 
inhibited the proliferation, migration, and invasion 
of SK-BR-3 and MCF7 breast cancer cell lines (20). 

Since in addition to UPR, the autophagy process is 
also activated during ER stress, we hypothesized that 
autophagy may be another pathway that is affected by 
ERMP1 oncogene and leads to cancer development.

Based on our best knowledge, there is still no study 
on the relationship between ERMP1 and autophagy 
in colorectal cancer. This made us interested in 
designing this study to investigate this relationship 
and gain a better insight into the mechanisms 
involved in the development of colorectal cancer.

Materials and Methods

Cell Lines and Culture
Two cell lines, HEK293T and HCT116, were 

prepared from the Bonyakhteh Company 
(Bonyakhteh, Tehran, Iran). RPMI 1640 and DMEM 
media (Bio Idea, Tehran, Iran) supplemented with 
10% fetal bovine serum, 1% penicillin, 2 mM 
glutamine, and 1% streptomycin were used for 
culturing HCT116 and HEK293T, respectively, in a 
humidified CO2 (5%) incubator at 37°C. The cells in 
the 3rd-4th passages were used for all experiments.

Production of Lentivirus Encoding ERMP1 shRNA 
or Scrambled shRNA 

The shRNA against the ERMP1 gene (oligo ID: 
TRCN0000336766) and scrambled shRNA (negative 
control) were separately cloned into a lentiviral 
plasmid (pLKO.1) (Addgene; cat. #10878). The 
sequence of ERMP1 shRNA and scrambled shRNA 
were 5’-GGACTTTGCTCGGCGTTTATT-3’ 
and 5’-CCTAAGGTTAAGTCGCCCTCG -3, 
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respectively. Stably transduced cells were selected 
with puromycin and plasmids and were purified from 
a single colony using the GeneJET Plasmid Miniprep 
kit (Thermo Fisher Scientific, no. #K0502).

Confirmation sequencing was performed 
using the following primers: 5′- 
TGGACTATCATATGCTTACCGTAAC -3′ and 5′- 
GTATGTCTGTTGCTATTATGTCTA-3′. 

Then, HEK293T cells were cotransfected with 
the pLKO.1 plasmid containing ERMP1 shRNA 
or scrambled shRNA and the second-generation 
packaging system, envelope protein-coding plasmid 
pMD2.G (Addgene plasmid #12259), and packaging 
construct pSPAX2 (Addgene plasmid #12260).

The standard polyethylenimine (PEI)-mediated 
method was applied for cotransfection (21). In 
brief, HEK293T cells with about 80% confluency 
were cotransfected with 1.5 µg pSPAX2, 0.5 µg 
pMD2.G, and 2 µg of the pLKO.1 vector encoding 
ERMP1 shRNA or scrambled shRNA. Then, the 
obtained lentiviruses were collected from the media 
after 48 hours (h) by centrifugation (1250 rpm for 
5 minutes) before being aliquoted and stored at −80 
°C. A Lentivirus-Associated p24 ELISA Kit (Takara 
Bio USA, no. # 632200) was applied for lentiviral 
titration.

shRNA Lentiviral Transduction and Real-time 
qPCR Assay

HCT116 cells (6.0×105) were seeded in 6-well 
plates. After 24 h, the solution containing either 
lentivirus expressing ERMP1 shRNA or scrambled 
shRNA was added at the multiplicity of infection 
(MOI) of 5-50 with polybrene (8 μg/ml). After 
another 24 h, the transduction medium was aspirated 
and replaced with fresh complete medium and 1 
μg/ml of puromycin dihydrochloride (Santa Cruz 
Biotechnology, no. # sc-108071) for selection. The 
culture media was removed and replaced with freshly 
prepared selective media every 2-3 days. 

After 3 weeks, the ERMP1 knockdown efficacy 
was assessed by quantitative real-time PCR in 
the remaining puromycin-resistant clones. In 
brief, RNA extraction from cultured cells was 
performed using the Tripure RNA isolation kit 
(Roche Applied Science, Germany). Then, cDNA 
was synthesized using the RevertAid First Strand 
cDNA Synthesis Kit (Thermo Fisher Scientific, 
USA). The primer sequences applied for assessing 
the ERMP1 knockdown efficacy were ERMP1 F: 
5´- TCTTTTGGCACTTCAGCAC-3 ,́ ERMP1 R: 5´- 
CCCACCATCCACTAATACAAC-3 ,́ GAPDH F: 5´- 
CGACCACTTTGTCAAGCTCA -3 ,́ and GAPDH R: 
5´- AGGGGTCTACATGGCAACTG -3 .́

Western Blotting
The autophagy markers were evaluated by western 

blotting according to the protocol described 
previously. In brief, after 72 starvations without 
changing the media, cells were harvested and 

centrifuged for 5 min (1500 g). The obtained pellets 
were rinsed once with phosphate-buffered saline 
(PBS). Cells were lysed using sonication and the 
NP-40 lysis buffer method. The composition of 
NP-40 lysis buffer was 20 mM pH 7.5 Tris-HCl, 
0.5 mM PMSF, 100µM β-glycerol 3-phosphate, 
0.5% Nonidet P-40, and 0.5% protease inhibitor 
cocktail. After sonication (3 times, 5 pulses/second) 
and centrifugation (10.000 g at 4 °C for 8 min), the 
cell lysate supernatant containing the proteins was 
stored for further analysis at -80 °C. The Lowry 
method was applied for the evaluation of the protein 
concentration. Electrophoresis was performed on 10-
15% sodium dodecyl sulfate-polyacrylamide (SDS-
PAGE) gel. The samples were prepared by boiling 
(100 °C for 5 min). Based on the type of proteins, 
about 10-20 µg of samples were loaded on the gel 
and electrophorized. The separated proteins were 
transferred to 0.2 µM nitrocellulose membranes (Bio-
Rad; #1620112) for 2 hours at 100 volts using transfer 
buffer (500 nM glycine, 50 mM Tris-HCl, and 20% 
methanol). The membranes were blocked (overnight 
at 4 °C) with 5% skimmed milk in 1X Tris-buffered 
saline containing 0.01% Tween 20 (TBST). Then, 
the membranes were incubated with desired primary 
antibodies (Anti-Beclin1, Anti-P62, and Anti-LC3II) 
(Cell signaling Technology, USA) in 1% milk and 1X 
TBST (overnight at 4 °C). Afterward, the membranes 
were washed three times with 1X TBST for 20 min 
and were subsequently incubated with horseradish 
peroxidase (HRP) conjugated secondary antibodies 
(anti-rabbit IgG (whole molecule) conjugated with 
the peroxidase enzyme; Sigma-Aldrich, Germany) 
for 2 h at room temperature. The membranes were 
then washed again three times and incubated for 
2-3 min with enhanced chemiluminescence (ECL) 
reagents (Abcam, USA).

Visualization of the blots was performed using 
the ChemiDoc MP imaging system (Bio-Rad, 
USA) and the intensities of the blots were measured 
using the Image Lab densitometry software after 
normalization to GAPDH.

Apoptosis Assay by Flow Cytometry
The Nicoletti method was applied to evaluate 

cellular apoptosis (22). In brief, transfected HCT-116 
cells (scrambled or ERMP1 shRNA) were cultured in 
6-well plates and incubated for 72 h under starvation. 
Then, the cells were detached using EDTA and 
centrifuged at 1500 g for 5 min at 4 °C. After washing 
the pellets once with PBS, the cells were re-suspended 
in a hypotonic PI lysis buffer (0.1% Triton X-100, 1% 
sodium citrate, 0.5 mg/ml RNase A, and 40 μg/ml 
propidium iodide) before being incubated for 30 min 
at 37 °C. The nuclei of the dead cells were determined 
by flow cytometry as a sub-G1 population and were 
analyzed with FlowJo software. 

Statistical Analysis
In order to analyze the data, SPSS software version 
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20 (SPSS Inc., Chicago, IL, USA) was used. The 
Mann–Whitney test, the Kruskal–Wallis test, and 
Bonferroni’s post hoc test were conducted. Data 
representation was based on mean±standard deviation 
(SD). P-values less than 0.05 were considered 
statistically significant and all experiments were 
independently replicated three times.

Results

The Effect of ERMP1 Knockdown on Autophagy
The role of ERMP1 in the autophagy pathway was 

investigated by ERMP1 silencing in the HCT116 
cell line. For this purpose, the autophagy-associated 
protein markers including Becline-1, p62, and 
LC3βII/LC3βI were assessed and compared by 
western blotting in the ERMP1-shRNA treated cell 
line and the scrambled negative control shRNA-

treated cells (Figure 1). The band intensity of the 
above markers was averaged from three independent 
repetitions of experiments (Figure 1A) and finally, 
the relative quantifications of Becline-1, p62, and 
LC3βII/LC3βI were determined (Figure 1 B, C, 
D). Our results indicated that all three autophagy 
markers increased significantly in the ERMP1-
silenced HCT116 cell lines compared with negative 
control cells (P<0.05 for Becline-1 and LC3βII/
LC3βI and P<0.01 for p62). 

ERMP1 Knockdown Had no Significant Effect on 
Apoptosis

The results of the apoptosis assay revealed that 
although apoptosis slightly increased in ERMP1-
knockdown HCT116 cells compared with negative 
controls (12.5% vs 11% Sub G1), the increase was 
insignificant (P>0.05) (Figure 2). 

Figure 1: The effect of ERMP1 knockdown on autophagy in HCT-116 cells. The expression of protein markers of autophagy (Beclin-1, 
P62, and LC3) was determined by western blotting. GAPDH was used as the loading control (A). ERMP1 knockdown significantly 
increased the amount of the Beclin-1, P62, and LC3 proteins compared with the control (Scrambled shRNA) (B, C, D). Immunoblots 
are representative of three different biological replicates. (*P<0.05, **P<0.01). 

Figure 2: The effect of ERMP1 knockdown on HCT-116 cell death. The propidium iodide Nicoletti assay was performed for evaluation 
of cell death (A, B). ERMP1 knockdown could not significantly induce apoptosis compared with the corresponding control (C). Data 
are presented as mean±SD of three replicates from three independent experiments. (NS, non-significant). 
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Discussion

The UPR and autophagy are two signaling pathways 
that are triggered during ER stress to maintain 
cellular homeostasis. For survival under starvation 
conditions, cancer cells are metabolically dependent 
on catabolic processes like autophagy. Therefore, 
recognizing the pathways and molecules involved 
in autophagy regulation may help us in discovering 
promising therapeutic targets (23).

There are limited studies on the ERMP1 protein. Qu 
et al. indicated that miR-148b downregulates ERMP1 
gene expression and suppresses the oxidative stress 
response in endometrial cancer cells, and therefore 
acts as a tumor suppressor (24).

In a study by Grandi et al., the role of ERMP1 in 
UPR activation was described (20). They evaluated 
the expression of the ERMP1 gene in breast, ovary, 
lung, and colorectal cancer cell lines and found its 
over-expression in all above cancers irrespective 
of their grade and stage. They also reported the 
expression enhancement of the ERMP1 gene during 
ER stress in breast cancer cell lines, which led to 
activation of the UPR and survival signals. On the 
other hand, knockdown of the ERMP1 gene inhibited 
proliferation, migration, and invasion while inducing 
cell death in the SK-BR-3 and MCF7 breast cancer 
cell lines (20). 

Considering the cross-talk between UPR and 
autophagy under ER stress conditions (25), we 
hypothesized that ERMP1 over-expression may lead 
to cancer cells’ survival through activation of the 
autophagy pathway in addition to the UPR pathway. 
To our best knowledge, there is still no study on the 
role of ERMP1 in autophagy activation in colorectal 
cancer cells. Therefore, this study was focused on 
this issue. Considering the high expression level 
of ERMP1 in the HCT116 cell line, this cell line 
was selected for our study. Our results indicated an 
increase of all three autophagy markers following 
ERMP1 knockdown. Considering that Beclin-1 is an 

important factor in the initiation of autophagy (26), 
it seems that ERMP1 silencing induces autophagy 
initiation. On the other hand, two other factors 
including p62 and LC3βII/LC3βI play key roles 
in the autophagy flux, and their levels decrease 
during the autophagy process (27). The increasing 
levels of these proteins in ERMP1 knockdown cells 
demonstrated that ERMP1 knockdown may inhibit 
autophagy at the flux stage. 

Our finding also showed that ERMP1 knockdown 
cannot significantly induce apoptosis in HCT116 
cells.

Given that the overexpression of the ERMP1 gene 
has been reported in various cancer cell lines such as 
ovary, breast, lung, and colorectal cancers, it seems 
that ERMP1 acts as an oncogenic protein (20). On 
the other hand, considering the results of previous 
studies and the present study, it can be inferred that 
ERMP1 has an important role in the activation of the 
UPR and autophagy signaling pathways in colorectal 
cancer cell lines (20). Since these signaling pathways 
lead to cancer cell survival, targeted inhibition of 
ERMP1 may lead to UPR and autophagy inhibition, 
eventuating in decreased survival in cancer cells.

Conclusion

ERMP1 is an oncogenic protein that activates the 
autophagy and UPR signaling pathways in colorectal 
cancer cell lines. Therefore, ERMP1 targeting may 
be a proper approach in colorectal cancer therapy. 
Further investigations would be helpful to confirm 
these results.
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