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Abstract
Objective: Endoplasmic reticulum-metallopeptidase 1 (ERMP1) is involved in cellular response to oxidative stress. 
However, its functional role in proliferation and progression of cancer cells remains unknown. The focus of this study 
was to investigate the molecular-mechanisms in which ERMP1 modulates the proliferation and progression of colorectal 
cancer (CRC) cells under normal and environment stress conditions.   
Materials and Methods: In this experimental study, ERMP1 expression was evaluated using reverse transcription-
quantitative polymerase chain reaction (RT-qPCR) in CRC cells. ERMP1 was knocked down using lentiviral transduction 
of ERMP1-specific shRNA into HCT116 cells. ERMP1 was also upregulated using lipofectamine transfection of 
ERMP1-overexpressing vector into SW48 cells. To evaluate the role of ERMP1 in the cellular and environmental stress 
conditions, ERMP1-downregulated cells were exposed to stressful conditions including starvation, serum free medium, 
and treatment with redox or chemotherapy agents for 72 hours. The expression of AKT, p-AKT, phospho-mammalian 
target of rapamycin (p-mTOR), β-catenin, p-β-catenin, E-cadherin, and Glucose-regulating protein 78 (GRP78) proteins 
was evaluated by western blotting. The expression of ERMP1, CYCLIN D, and c-MYC was evaluated by RT-qPCR. The 
cell surface localization of GRP78, cell cycle distribution, and apoptosis were determined by Flow cytometry.
Results: ERMP1 knock-down reduced the cellular proliferation, inactivated the PI3K/AKT pathway, prompted the 
G1 arrest, and attenuated the free β-catenin and CYCLIN D expression. Opposite results were obtained in ERMP1-
overexpressed cells. Knock-down of ERMP1 also reduced the GRP78 localization at the cell surface. Various 
environmental stress conditions differently affected the ERMP1-downregulated cells.
Conclusion: ERMP1 functioned as an oncogene in CRC cells by promoting malignant characteristics. The 
phosphoinositide 3-kinases (PI3K)/AKT/β-catenin pathway and localization of GRP78 were closely related to the effects 
of ERMP1. Consequently, ERMP1 might be regarded as a promising target in therapeutic strategies related to CRC.
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Introduction
Endoplasmic reticulum-metallopeptidase 1 (ERMP1) 

is a member of the M28 Zn-peptidase family with nine 
transmembrane-domains typically incorporated in the 
endoplasmic reticulum (ER) (1). ERMP1 gene is located 
at chromosome 9p24 and encodes an approximately 100 
kDa protein. It was first recognized as a new, hypothetical 
gene named Felix-ina, expressed in the granulosa cells of 
ovarian follicles in rats. Its role in follicular organization 
was attributed to its proteolytic function on precursor 
proteins which is essential for intra-ovarian cell to cell 
communication (2). Primarily, ERMP1 was proposed as 
a candidate oncogene due to its localization on amplified 
chromosome in cancers (3). In 2016, it was identified as 
a chief player in the unfolded protein responses (UPR) 

and defense against oxidative stress in cancer cells. This 
identification was based on the findings, showing that 
ERMP1 expression is extremely affected by thapsigargin-
induced ER stress and other oxidative stresses. The 
overexpression of ERMP1 is verified in multiple cancers 
including breast, ovary, colon and lung; meanwhile the 
maximum expression level is attributed to CRC (1).

Colorectal cancer (CRC) is regarded as one of the most 
common causes of morbidity and mortality from cancer and 
public health problem worldwide. Although CRC can occur 
at any age, it is mostly categorized as an old-age disease 
with the most occurrence in the fifth decade of human life. 
Unfortunately, it is highly metastatic and resistant to anticancer 
therapies (4). Despite progression in cancer therapy, survival 
is less than 5 years ,in most of the patients, which necessitates 
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the exploration of molecular mechanisms and cancer-specific-
cellular targets in CRC for novel therapeutic strategies (5). 
ERMP1 is suggested as a new target for anti-cancer therapies 
because of its effect on GRP78. Accordingly, ERMP1 
mediates the ER stress-promoted activation of GRP78 
and loss of ERMP1 suppresses the GRP78 expression (1). 
GRP78 was initially recognized by glucose deprivation led 
to the overexpression of this 78 kDa protein in chick embryo 
fibroblasts; therefore,, it is called glucose-regulated protein 
78 (GRP78) (6). It was routinely regarded as an ER luminal 
protein because of a retention KDEL motif in carboxyl domain 
supposed to exert its anti-apoptotic effects in cancer just by 
regulating the activation of UPR. Later, a sub-fraction of this 
protein was detected at the cell surface of cancer cells as a 
multifunctional receptor that mediates the signaling pathways, 
a finding that unwrapped novel mechanisms wherein GRP78 
exerts its anti-apoptotic and pro-proliferative effects in cancer 
cells. GRP78 upregulation is attributed to various stressful 
parameters such as nutrient deprivation, hypoxia, low pH 
condition, chemotherapy agents, and radiation (7). 

In 2018, miR-148b was defined as a tumor suppressor 
because of its negative impact on ERMP1 expression 
in human endometrial cancer. Following the ERMP1 
suppression, the proliferation of endometrial cells was 
suppressed (8). Recently, the correlation between ERMP1 
and phosphatidylinositol-3-kinase (PI3K)/AKT pathway 
was distinguished. This association was ascribed to miR-
328-3p suppressing the PI3K/AKT pathway via targeting 
ERMP1 in hepatocellular carcinoma and reduces the 
cancer cells proliferation and invasion (9). 

The PI3K/AKT signaling pathway is implicated in the 
cellular proliferation and survival at both physiological and 
pathological conditions. Because cancer cells are under 
cellular and environment stresses, the PI3K/AKT pathway 
plays a critical role in cancer progression. Multiple targets 
of AKT included in glucose metabolism, protein synthesis, 
and cell cycle control comprise glycogen synthase kinase-3β 
(GSK-3β), insulin receptor substrate-1 (IRS-1), mammalian 
target of rapamycin (mTOR), cyclin-dependent kinase (CDK) 
inhibitors like p21 and p27, and so on. As to β-catenin, AKT/
GSK-3β/β-catenin transduction pathway activates an axis 
that positively mediates the cell cycle progression from G1 to 
S phase via inactivating GSK-3β, upregulating CYCLIN D, 
and suppressing some transcription factors which ultimately 
cause p27 depletion (10). 

AKT is overactivated in most human cancers that 
causes the uncontrollable cell growth, metastasis, and 
angiogenesis of cancer cells by activating the PI3K/
AKT/mTOR pathway (11). The overactivation of 
proliferative pathways in cancer cells and application 
of chemotherapeutic agents induce stressful condition 
in tumor microenvironment (12) known as cellular and 
environment stresses and considered as a barrier for 
effective treatments (13). 

Considering the important role of the AKT/GSK-3β/β-
catenin pathways and GRP78 in cancers, we made an 

attempt to determine the functional role of ERMP1 in 
proliferation and progression of CRC cells and related 
pathways under normal or environment stress conditions. 

Materials and Methods
This study was approved by the Ethics Committee 

of Shiraz University of Medical Sciences (IR.SUMS.
REC.1400.279).
Materials

In this experimental study, RPMI-1640, fetal bovine 
serum (FBS), and DMEM (Dulbecco’s Modified Eagle 
Medium) were acquired from Pan biotech (Germany). The 
pLKO.1, pCMV6-AN-GFP, and pCDNA3.1 (+)-ERMP1 
vectors were prepared from Addgene (USA), OriGene 
(USA), and Biomatik (Canada) companies, respectively. 
Lipofectamine 2000 were obtained from Thermo Fisher 
(USA). The ERMP1 and scramble oligo sequences 
were purchased from metabion (Germany). Super ECL 
reagent, and BCA assay kit were purchased from Abcam 
(UK), and Thermo Scientific (USA), respectively. 
Annexin-V apoptosis detection kit, puromycin, and 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT), were obtained from MabTag (Germany), 
Santa Cruz (USA), and Sigma-Aldrich (USA), 
respectively. Antibodies for AKT (Cat. #4691), p-AKT. 
S473 (Cat. #9271), and p-β-Catenin (Cat. #9561) were 
purchased from cell signaling (USA). Also, antibodies 
for GAPDH (Cat. #sc-47724), E-Cadherin (Cat. #sc-
71009), and β-Catenin (Cat. #sc-7963) were obtained 
from Santa Cruz Biotechnology (USA). p-mTOR S2448 
(Cat. # 610301) antibody from BioLegend (USA), anti-
rabbit IgG, and anti-mouse IgG peroxidase-conjugated 
secondary antibodies were acquired from Sigma-Aldrich 
(USA), and Alexa-conjugated secondary antibody was 
also purchased from Razi BioTech (IRAN). The designed 
shRNA against ERMP1 and scramble shRNA were 
prepared through Metabion Company (Germany).

Cell culture

Seven human CRC cell lines including HT29, HCT116, 
LS180, SW1116, SW742, SW480, SW48, and HEK293T 
cell line, as a human-embryonic-kidney cell line, 
were obtained from National cell bank of Iran for this 
experimental study. All cells were cultured in RPMI-1640 
medium except LS180 and HEK293T cell lines cultured 
in DMEM, containing 10% FBS and 5% CO2 at 37˚C 
humidified incubator. Whenever the cells reached 70-
80% confluency, they were trypsinized and seeded in an 
appropriate plate for each experiment. Each experiment 
was performed 3 times independently, and at least the 
mean of 3 independent assays was represented.  

RNA extraction and reverse transcription-quantitative 
polymerase chain reaction

Total RNA was elicited from the cells using the 
RNA extraction Kit (SinaClon, Iran), according to the 
manufacturer’s guidelines. Subsequently, cDNA was 
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synthetized employing cDNA synthesis kit (SinaClon, 
Iran), according to the kit procedure. The mRNA 
expression analysis was performed using reverse 
transcription-quantitative polymerase chain reaction (RT-
qPCR) on QuanStudioTM 5 Real-Time PCR system. First, 
the mRNA expression level of ERMP1 was determined 
in 7 CRC cell lines (SW48, SW480, SW742, SW1116, 
LS180, HT29, and HCT116). Then, the cell line with 
the highest (HCT116) and lowest (SW48) expression 
of ERMP1 were selected for ERMP1 knock-down and 
overexpression, respectively. The primers that were used 
to detect each gene product are listed in Table S1 (See 
supplementary Online Information at www.celljournal.org). 
GAPDH was employed as a control gene to normalize 
all expression data. The relative expression levels (fold 
changes) were quantified by utilizing the 2-∆∆CT method. 

 Transduction with shRNA-encoding lentiviruses
Lentiviral-based transduction of short hairpin (sh) RNA 

was used in stable knock-down of the ERMP1 gene. 
Initially, ERMP1-specific shRNA oligos (shERMP1) or 
shRNA against scramble sequence (shscramble) (negative 
control) were cloned into pLKO.1 vector at Agel and EcoRI 
restriction sites and, then, amplified by transformation 
to the competent DH5α E.coli. Lentiviral particles 
expressing shERMP1 or shscramble were produced in 
6-well plate containing HEK293T cells by co-transfecting 
2 µg pLKO.1 plasmid (pLKO.1-shERMP1, or PLKO.1-
shscramble) plus 0.5 µg enveloping-plasmid (pMD2.G) 
and 1.5 µg packaging-plasmid (pSPAX2) (which encode 
the viral capsid and transcriptional machinery). 

HCT116 cells were seeded in the 6-well plate (1.0×105 
cells/ well). After 24 hours, lentiviruses expressing 
shERMP1 or shscramble (negative control) were added 
with 8 μg/ml polybrene. Following transfection, the 
medium was replaced with fresh and complete medium. 
Then, puromycin selection with optimal dose (1 μg/ml) 
was carried out 72 hours post-transduction for two weeks. 
Finally, the efficacy of ERMP1 knock-down was assessed 
by RT-qPCR. 

The upregulation of ERMP1 gene using overexpression 
vector

SW48 cells were seeded in 24-well plates to reach 70-
80% confluency on the day of transfection. After replacing 
the medium, transfection mixture was added to the cells 
(2.5 µl of Lipofectamine-2000 for each µg of pCDNA3.1 
(+)-ERMP1, pCDNA3.1 or pCMV6-AN-GFP) and 
incubated for 4 hours at 37°C with 5% CO2. To reduce 
cytotoxicity, we replaced the transfection medium with 
fresh one, and the cells were incubated for 48 hours. The 
efficiency of transfection was assessed by fluorescence 
microscopy using the pCMV6-AN-GFP vector as a 
control. Finally, the cells were collected for next steps.

 MTT proliferation assay
Cells were plated in 96-well in a medium containing 10% 

FBS with about 5,000 and 7,000 cell/well for HCT116 and 
SW48, respectively. Seventy two hours after treatment or 
48 hours post-transfection, 20 μl of MTT solution (5 mg/
ml) was added to each well and incubated for 4 hours 
at 37°C to quantify the cell viability. After 4 hours, the 
medium was removed and the resulting MTT formazans 
solubilized in 100 μl of dimethyl sulfoxide (DMSO) to 
check each solution spectrophotometrically at 570 nm. 

Cell treatment 
The ERMP1 stably knocked down HCT116 cell line or 

HCT116 scramble cell line were seeded in appropriate 
plates in 5 or 6 groups. The next day, the medium was 
changed in all groups. In the first group, the cells were 
exposed to the normal condition (medium was changed 
whenever it was necessary). The second group was exposed 
to the starvation condition (medium was not changed for 
72 hours to induce starvation). The remaining groups 
were also exposed to the serum free medium (0.25% FBS) 
and medium containing Dithiothreitol [(DTT) 10 µM)], 
5-Fluorouracil [(5-FU) 8 µM], and cisplatin (6 µM) for 
72 hours, respectively.  

Colony forming assay 
The cells (200 cell/well) were seeded in 6-well plate 

and cultured for 2-3 weeks at 37°C in a 5% CO2 incubator. 
The medium was replaced every 7 days. After the 
colonies became visible (50 cell/colony), 95% methanol 
was used to fix them. Then, the colonies were stained with 
crystal violet followed by PBS washing to be viewed and 
counted by microscope (×40 magnification). Afterwards, 
10% acetic acid was used to dissolve the crystal violet for 
quantification of the stained colonies. The solutions were 
added to a 96-well plate to determine the absorbance at 
590 nm using the spectrophotometer (14).

Immunoblotting analysis
Western Blot assay was performed for protein analysis. 

Briefly, the cells were harvested and lysed to be centrifuged 
for 8 minutes with 10.000 g at 4˚C. The supernatant was 
ready to be used for loading on dodecyl sulfate (SDS)-
polyacrylamide gel. Therefore, proteins were separated 
based on their molecular weight by electrophoresis in an 
SDS-polyacrylamide gel under denaturing conditions; 
then, they transferred to a nitrocellulose membrane using 
the wet transfer apparatus at 100 V or 400 mA. After 
blockage of nitrocellulose membrane with PBS-T + 5% 
skim milk at RT, proteins were ready for incubation 
with primary antibodies (anti-AKT, p-AKT, GAPDH, 
E-Cadherin, β-catenin, p-β-catenin and p-mTOR) for 
overnight with agitation. The membrane was then 
incubated with relative secondary antibody at RT. Finally, 
proteins were identified through a chemiluminescence 
imaging system (Bio-Rad Chemidoc XRS, USA). 

Evaluation of the cell cycle by Flow Cytometry

The respective cells were cultured in 6-well plates, and 
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after being detached by 0.25% Trypsin-EDTA solution on 
the day of experiment, the cells centrifuged at 1500 g for 
5 minutes at 4°C to be washed in PBS and re-suspended 
in a hypotonic propidium iodide (PI) lysis buffer (0.1% 
Triton X-100, 1% sodium citrate, 0.5 µg/ml RNase A, 
40 analyzed by flow cytometry (BD FACS Calibrator, 
Biosiences Company, USA).

Evaluation of the apoptosis by Flow Cytometry

Cells were cultured in 6-well plates and on the day 
of experiment, they were detached, washed with PBS, 
and re-suspended in 500 μl of annexin V binding 
buffer. Then, 5 μl of annexin V conjugate and 5 μl of 
PI solution were added to the samples to be incubated 
in the dark for 20 minutes. After centrifuging at 400 
g for 5 minutes and re-suspending in 200 μl annexin 
V binding buffer, we analyzed each sample by flow 
cytometry.   

Detection of the cell surface GRP78 

The cells were harvested and re-suspended in ice cold 
PBS. Primary antibody (10 μg/ml) was added to 100 μl of 
the cell suspension and incubated for at least 30 minutes 
at 4°C. Then, the cells were washed 3 times with PBS 
and centrifuged for 5 minutes at 400 g. Alexa-conjugated 
secondary antibody dilution was added, and the cells 
were re-suspended in this solution to be incubated in dark 
for 20-30 minutes at 4°C. After being washed 3 times 
with PBS and centrifugation, the cells were ready to be 
analyzed with flow cytometry. 

Statistical analysis
All data are reported as means ± SD from at least 

3 independent assays. Statistical data analysis was 
conducted by using the GraphPad Prism 7.0 for Windows 
(GraphPad Software, Inc, USA). T test and the 1- or 
2-way ANOVA tests were used for comparison of two 
and multiple groups, respectively. * P<0.05, ** P<0.01, 
*** P<0.001 and **** P<0.0001 were considered as 
statistically significant.

Results
ERMP1 is variously expressed in colorectal cancer 
cells

The total RNA was elicited from 7 CRC cell lines to 
assess the expression level of ERMP1 by RT- qPCR 
(Fig.1A). We found a relatively high expression level of 
ERMP1 in HCT116 cells P<0.0001 and a low expression 
in SW48 cells. Accordingly, to explore the biological 
function of ERMP1 in CRC, we selected HCT116 and 
SW48 cell lines to down- and up-regulate ERMP1, 
respectively (Fig.1B, C).

Transduction of cells through lentiviral-based shRNA 
approach provided a quick and stable method to 
successfully diminish the ERMP1 expression (Fig.1B).

To overexpress ERMP1 gene, we designed and 
ordered pCDNA3.1 (+)- ERMP1 vector. Later, 
pCDNA3.1 (+)-ERMP1 vector was transformed 
into the E.coli and amplified. Then, it was extracted 
and confirmed via digestion with PmeI restriction 
enzyme. SW48 cells were transiently transfected with 
pCDNA3.1 (+)-ERMP1 and empty vector (pCDNA3.1). 
The transfection efficiency was checked 48 h later as 
illustrated in Figure 1C.

ERMP1 mediates the proliferation of colorectal cancer 
cells 

ERMP1 has a remarkable expression in various 
cancer types including CRC cancer prompted us to 
verify the cancer-related function of ERMP1. As 
shown in Figure 2A, MTT assay was conducted to 
evaluate the proliferation of ERMP1 shRNA-mediated 
knock-down HCT116 cells (-ERMP1 cells) compared 
to HCT116 control cells (transduced with scramble 
shRNA). The results of the proliferation assay in the 
SW48 cells transfected with pCDNA3.1 (+)-ERMP1 
vector (+ERMP1 cells) compared to the SW48 control 
cells (transfected with empty vector) are also shown in 
Figure 2B. The current results indicated that ERMP1 
overexpression promoted the proliferation rate in 
SW48 representing the probable role of the ERMP1 in 
proliferation pathways of CRC cells.      

As shown in Figure 2C, down-regulation of ERMP1 
along with the DTT treatment, obviously (P=0.009) 
reduced the proliferation rate in -ERMP1 cells compared 
to the scramble control. Interestingly, 5-FU and cisplatin 
treatment elevated the proliferation rate in -ERMP1 cells 
compared to the scramble ones (P=0.03).

Additionally, as shown in Figure 2D, the colony 
formation assay was performed in the -ERMP1 cells to 
further determine the ERMP1 effects in CRC cells.  

ERMP1 facilitates the AKT expression and 
subsequently promotes the PI3K/AKT pathway in 
colorectal cancer cells 

The PI3K/AKT pathway, as a crucial intracellular 
signal transduction pathway, contributes to survival, 
proliferation, and invasion of cancer cells in response 
to extracellular stimuli via mediating phosphorylation 
cascade. Therefore, the PI3K/AKT pathway was 
evaluated in -ERMP1 and +ERMP1 CRC cells. As 
illustrated in Figure S1A (See supplementary Online 
Information at www.celljournal.org), and Figure 3A, 
ERMP1 knock-down in HCT116 cells considerably 
reduced the expression of AKT at both mRNA (P=0.007) 
and protein (P<0.0001) levels compared to scramble 
ones under normal condition. Moreover, the p-AKT 
protein level was also checked to distinguish; whether 
ERMP1 down-regulation affected the phosphorylation 
of AKT. Related results showed that the p-AKT level 
in -ERMP1 cells was decreased (P=0.0005). 

https://www.celljournal.org/jufile?ar_sfile=3922080
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Fig.1: ERMP1 relative expressions are normalized to GAPDH and determined by RT-qPCR. A. ERMP1 expression level in 7 CRC cell lines (SW48, SW480, 
SW742, SW1116, LS180, HT29 and HCT116), SW48 is applied as a reference set to 1.0, which exhibited the lowest mRNA expression level. B. The RT-qPCR 
results of the ERMP1 gene in puromycin-resistant colonies of HCT116 transduced cells with ERMP1 and scramble shRNAs, The ERMP1 expression was 
significantly inhibited in HCT116 cells following transduction with lentivirus expressing ERMP1 shRNA, compared with HCT116 cells transduced with 
scramble lentivirus (P=0.0002). C. Transfection efficiency in SW48 cells is determined using pCMV6-AN-GFP vector as a control and RT-qPCR, which showed 
that pCDNA3.1 (+)-ERMP1 vector transfection obviously enhanced ERMP1 expression in SW48 cells (P=0.0095) (scale bar: 200 µm). Bars represent the 
mean ± SD. **; P<0.01, ***; P<0.001, ****; P<0.0001 vs. scramble control or empty vector. One-way ANOVA A. Multiple comparison and B, C. Unpaired t 
tests were utilized. RT-qPCR; Reverse transcription-quantitative polymerase chain reaction and CRC; Colorectal cancer.

Fig.2: The MTT and colony formation assays for proliferation analysis. A. Knock-down of ERMP1 non-significantly reduced the proliferation rate in HCT116 
cells compared with scramble ones. B. Overexpression of ERMP1 significantly increased the proliferation rate in SW48 cells compared to the control empty 
vector ones (P=0.02). C. Exposure to various stressful conditions as a model of environmental stress, such as Dithiothreitol (DTT), 5-FU and cisplatin, 
differently affected the proliferation rate of -ERMP1 cells. D. Colony formation ability was reduced considerably by ERMP1 knock-down (P=0.03) and DTT 
treatment (P<0.0001). Data are reported as means ± SD. *; P<0.05, **; P<0.01, and ****; P<0.0001 compared with each scramble control or empty vector. 
A, B. Unpaired t test and C, D. two-way ANOVA multiple comparison tests were used. 

A B
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A B
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In SW48 cells, it was demonstrated that ERMP1 
overexpression led to an obvious increase in AKT expression 
at both mRNA (P=0.002) and protein (P=0.0002) level, 
compared to empty vector (Fig.S1B, See supplementary 
Online Information at www.celljournal.org, Fig.3B). 
In addition, p-AKT was also enhanced by ERMP1 
overexpression (P=0.004). These results demonstrated 
that ERMP1 regulated the PI3K/AKT pathway by 
affecting the expression and phosphorylation of AKT in 
CRC cells.           

Interestingly, a reduction in AKT expression was also 
observed in -ERMP1 cells, which were exposed to serum 
free, and DTT treatment circumstances compared to their 
control scramble cells (Fig.S1C, D, See supplementary 
Online Information at www.celljournal.org, Fig.3C, D). 
Since the results of starvation with serum free conditions 
were in the same line, we continued our experiments with 
one of them (serum free). 

The p-AKT protein level was also checked, and the 
results were different in each group. As displayed in 
Figure 3C, D, p-AKT was reduced in DTT-exposed 
-ERMP1 cells (P=0.03). These data illustrate that ERMP1 
knock-down and DTT exert synergistic effects on AKT 
and p-AKT expression in CRC cells. 

The AKT mRNA expression was measured in 5-FU 
and cisplatin exposed -ERMP cells, which showed an 
obvious increase in AKT expression at both mRNA 
(P=0.004) and protein (P<0.0001) levels compared to 
scramble treated cells for 5-FU-treated cells (Fig.S1E, See 
supplementary Online Information at www.celljournal.org, 
and Fig.3E) and at mRNA level for cisplatin-treated cells 
(P=0.003) (Fig.S1D, See supplementary Online Information 
at www.celljournal.org). Consequently, our results showed 
that ERMP1 promoted the expression of AKT and its 
phosphorylation, however this effect can alter subject to 
different circumstances in tumor microenvironment.

Additionally, we assessed the p-mTOR expression to 
determine whether the accelerating effects of ERMP1 on 
PI3K/AKT pathway can influence p-mTOR expression as 
downstream target of AKT.  

As displayed in Figure 3A, the p-mTOR protein 
expression level was reduced remarkably by ERMP1 
knock-down compared with the scramble control 
(P=0.002); however, by serum free and DTT exposure, 
p-mTOR expression did not modify in -ERMP1 cells 
(Fig.3C, D). 

In SW48 cells, overexpression of ERMP1 obviously 
increased (P=0.01) the p-mTOR expression compared 
with empty vector control (Fig.3B). These results 
illustrate that ERMP1 facilitates the expression of 
p-mTOR. Moreover, in the field of p-mTOR, DTT 
did not exhibit synergistic effect with ERMP1 knock-
down; conversely, DTT inhibited the effects of ERMP1 
knock-down.   

 

Fig.3: Evaluation of the ERMP1 effect on multiple proteins using Western 
blotting experiment. A. ERMP1 knock-down effects on PI3K/AKT/β-
catenin pathway proteins as well as E-cadherin and GRP78. B. ERMP1 
overexpression effects on PI3K/AKT/β-catenin pathway proteins. C. The 
impact of serum free stress on PI3K/AKT/β-catenin pathway proteins 
as well as E-cadherin and GRP78 in -ERMP1 cells. D. The effect of 
Dithiothreitol (DTT) exposure on PI3K/AKT/β-catenin pathway proteins as 
well as E-cadherin and GRP78 in -ERMP1 cells. E. AKT and GRP78 protein 
levels in 5-FU treated -ERMP1 cells. All details are explained in results. 
Data are presented as the mean ± SD. *; P<0.05, **; P<0.01, ***; P<0.001, 
and ****; P<0.0001 vs. each scramble control or empty vector, and 
unpaired t test is applied. 
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E
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ERMP1 induces the stability of β-catenin by facilitating 
AKT expression in colorectal cancer cells

Since phosphorylated AKT has the potency to regulate the 
function of multiple substrates involved in cellular survival 
such as GSK-3β becoming inactivated by p-AKT to trigger 
the stabilization of β-catenin for nucleus translocation, free 
β-catenin was measured in this study by western blotting to 
further investigate the ERMP1 effects on CRC cell lines. The 
results revealed that compared with the scramble control, 
the p-β-catenin/β-catenin relative ratio was significantly 
increased (P<0.0001) in -ERMP1 cells (Fig.3A) indicating 
a reduction in free β-catenin level by downregulation of 
ERMP1 in normal condition. In ERMP1 overexpressed 
cells, the p-β-catenin/β-catenin relative ratio was reduced 
(P=0.0008) in +ERMP1 cells (Fig.3B). Therefore, it appears 
that ERMP1 accounts for AKT-mediated GSK-3β/β-catenin 
pathway through stabilizing free β-catenin. 

Thereafter, we examined the p-β-catenin/β-catenin 
relative ratio in -ERMP1 cells under serum free, and DTT 
treatment and a significant enhancement (P=0.008) was 
found in DTT-exposed cells (Fig.3C, D).  

Stabilized β-catenin can translocate to the nucleus and 
incorporate with lymphoid enhancer factor/T cell factor (Lef/
Tcf) co-transcription factors to trigger transcription of target 
genes such as C-MYC and the CYCLIN D, which compromise 
in survival, proliferation and invasion of cancer cells. Hence, 
we evaluated C-MYC and CYCLIN D expression at mRNA 
level to verify the possible role of ERMP1 in regulation of the 
transcriptional activity of β-catenin. However, the C-MYC 
expression did not show any change in -ERMP1 cells with 
an exception for DTT-exposed cells, in which C-MYC 
expression was reduced (P=0.0004) compared to the related 
control (Fig.S1A-D, See supplementary Online Information 
at www.celljournal.org). In addition, we assessed the C-MYC 
expression in 5-FU and cisplatin-treated -ERMP1 cells show 
an enhancement in the proliferation rate compared with 
the related controls. Relative results indicated that C-MYC 
expression was upregulated by 5-FU (P<0.0001) and 
cisplatin (P=0.002) treatment in -ERMP1 cells compared 
to scramble cells (Fig.S1E, F, See supplementary Online 
Information at www.celljournal.org).

As revealed in Figure S1A, B (See supplementary 
Online Information at www.celljournal.org) a lower 
expression level of CYCLIN D (P=0.002) was detected 
in -ERMP1 cells; however, in SW48 cells, CYCLIN 
D expression exhibited an obvious upregulation by 
ERMP1 overexpression. It was revealed that CYCLIN 
D expression was affected by downstream impact of 
ERMP1 on free β-catenin, unlike C-MYC. Because the 
outcomes in -ERMP1 an +ERMP1 cells were opposite, the 
next procedures were just carried out with -ERMP1 cells 
to overcome the limitations.  

ERMP1 knock-down under serum free and DTT 
conditions enhances the E-cadherin expression in 
HCT116 cells 

Phosphorylated AKT is implicated in downregulation 

of E-cadherin expression at mRNA level; thus, the 
E-cadherin expression was evaluated with western blotting 
to examine whether E-cadherin contributes to ERMP1 
mediated β-catenin stabilization. As displayed in Figure 
3A, E-cadherin protein expression was not changed through 
ERMP1 downregulation in HCT116 cells.   

To further verify the ERMP1 correlation with E-cadherin, 
we also measured the expression of E-cadherin in -ERMP1 
cells which were exposed to serum free and DTT (Fig.3C, 
D). The results revealed that serum free condition (P=0.0001) 
or DTT treatment (P=0.001), upregulated the E-cadherin 
expression in -ERMP1 cells compared to their scramble 
controls. These data may reflect the possibility that ERMP1 
knock-down is not the solitary agent in downregulation 
of E-cadherin expression and ERMP1 silencing under 
stressful condition such as serum free and DTT treatment 
that can compact the membrane-bounded E-cadherin/β-
catenin complex and inhibit a relocation of β-catenin into 
the nucleus, where β-catenin activates the transcription of the 
genes associated with enhancing cellular proliferation and 
progression in CRC cells.

ERMP1 knock-down reduces the GRP78 localization 
on the HCT116 cell surface 

It is believed that ERMP1 has a role in upstream or 
within UPR and GRP78 overexpression. Therefore, we 
measured the GRP78 protein level in -ERMP1 cells. Based 
on our results, the expression of GRP78 at protein level 
was not changed by ERMP1 downregulation (Fig.3A). 
However, DTT treatment (P=0.04) and 5-FU exposition 
(P=0.01) led to the GRP78 overexpression in -ERMP1 
cells compared to each scramble controls (Fig.3D, E). 

Because the biological effect of ERMP1 on GRP78 and 
UPRs pathways was not exactly determined, we aimed 
to elucidate the possible role of ERMP1 in localization 
of GRP78. The result showed that ERMP1 knock-down 
diminished (P=0.002) the localization of GRP78 at the cell 
surface (Fig.4A). GRP78 aggregates at the cell surface, 
initiates the multiple signals and, thereby, regulates the 
cell malignancy. Subsequently, to investigate; whether 
enhancement in the GRP78 protein level under DTT and 
5-FU treatment increases the localization of GRP78 at 
the cell surface, we assessed csGRP78 under stressful 
circumstances in -ERMP1 cells. As revealed in Figure 
4B, exposure to DTT (P=0.002) and 5-FU (P=0.003), 
not only substantially they did not enhance csGRP78, 
but also reduced its cell surface content compared with 
normal condition, which may suggest GRP78 has been 
trapped in ER lumen to alleviate ER stress. However, 
cisplatin treatment did not change csGRP78 compared 
with -ERMP1 cells in normal condition.      

Knock-down of ERMP1 promotes apoptosis with 
Dithiothreitol treatment

MTT results showed that ERMP1 overexpression 
induced CRC cells proliferation, and its knock-down 
reduced the proliferation. In addition, we exposed 
-ERMP1 cells under stressful and DTT, 5-FU, and 

https://www.celljournal.org/jufile?ar_sfile=3922080
https://www.celljournal.org/jufile?ar_sfile=3922080
https://www.celljournal.org/jufile?ar_sfile=3922080
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cisplatin conditions to identify the role of ERMP1 on 
proliferation under these circumstances. We found that, in 
response to tumor microenvironment, ERMP1 differently 
manipulated the cellular proliferation, suggesting that 
ERMP1 can differentially act in tumor microenvironment 
(its function in some conditions may be compensated 
with other proteins). Meanwhile, we examined cellular 
apoptosis assay to evaluate the effect of ERMP1 
downregulation on apoptosis of -ERMP1 cells in normal 
condition and presence of environment stresses. The 
Figure 5 displays live, early/ late apoptotic and necrotic 
cells in the quadrants of flow cytometry (left part) and 
the comparison of total apoptotic and live cells in the 
curves (right part). According to the results, there was 
not any difference in apoptosis of -ERMP1 cells with its 
scramble control cells (Fig.5A). In the presence of stressful 
circumstances, just DTT exposure (P=0.04) triggered 
apoptosis in -ERMP1 cells, suggesting that ERMP1 is not 
the only factor in promotion of apoptosis in CRC cells. These 
results show that, in the absence of ERMP1, exposure to 
DTT induce apoptosis in HCT116 cells. 

Analysis of cell apoptosis result of 5-FU treated -ERMP1 
cells, revealed a reduction (P=0.001) in the percentage of 
apoptotic cells compared with that of scramble control, 
which suggests that ERMP1 downregulation alleviates 
the desired effects of 5-FU in CRC cells.  

ERMP1 knock-down manipulates the cell cycle by 
promoting the G1 arrest 

As cellular apoptotic results revealed that reduction 
in the proliferation rate of -ERMP1 cells was not the 
consequence of apoptosis, we assumed that ERMP1 
exerts its effects on cell cycle progression. Thus, -ERMP1 
cells were evaluated by flow cytometry to verify the 
cells distribution in various phases of the cell cycle. As 
illustrated in Figure 6A, -ERMP1 cells showed an obvious 
reduction in S phase (P<0.0001) of cell distribution as 
well as G2 (P=0.002) and a remarkable increase in G1 
distribution (P=0.001) was also identified in starved 
-ERMP1 cells with lower/miner intense (Fig.6B). When 
-ERMP1 cells were under serum free circumstance, 
cells distribution in S phase decreased (P=0.004), which 
in turn accumulated the cells in G1 (P=0.0007) (Fig. 
6C). Following DTT treatment for 72 hours, S phase 
of cell cycle reduced (0.008) which led to a drop in G2 
(P=0.004), and then blocked the cells in the G1 phase 
(P=0.0001) compared with its scramble control (Fig.6D). 
These results suggested that ERMP1 downregulation 
induced cell cycle arrest in G1. Accumulation of cells 
in G1 phase could probably be correlated to CYCLIN D 
expression downregulated with ERMP1 knock-down, and 
all of these modifications ultimately; led to a decline in 
cellular proliferation.  

   

Fig.4: Effect of ERMP1 knock-down on cell surface localization of GRP78 using Flowcytometry assay. A. Knock-down of ERMP1 significantly reduced 
the transportation of GRP78 on the cell surface (P<0.01). B. Following exposure to starvation, Dithiothreitol (DTT) and 5-FU, csGRP78 was decreased in 
-ERMP1 cells. Values are stated as the mean ± SD. **; P<0.01, and ****; P<0.0001 vs. each scramble control. A. Unpaired t test and B. One-way ANOVA 
multiple comparison tests were employed.   

A

B
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In order to explore the cause of enhancement in the 
proliferation rate of 5-FU and cisplatin-treated -ERMP1 cells, 
we measured modifications in the cell cycle of these -ERMP1-
treated cells. The results revealed that exposure to 5-FU and 
cisplatin for 72 hours elevated S phase distribution by reducing 
the cell numbers in G1 following 5-FU treatment (P<0.0001), 
compared with scramble control (Fig.6E, F). 

In SW48 cells, overexpression of ERMP1 noticeably 
reduced the cell number in the G1 phase (P=0.0013). 
Therefore, it seems that ERMP1 contributes to cell cycle 
progression. 

Taken together, these data demonstrate that -ERMP1-
mediated proliferation suppression is due to cell cycle 
intervention.   

Fig.5: Cellular apoptosis assay using flow cytometry analysis in -ERMP1 
cells. A. Knock down of ERMP1 didn’t induced apoptosis in HCT116 cells. 
B. Serum free condition didn’t affect the apoptosis in -ERMP1 cells. C. 
DTT treatment induced apoptosis in -ERMP1 cells. D-E. 5-FU and cisplatin 
treatment reduced apoptosis in -ERMP1 cells. Quadrants represents four 
principal population: Q1; Necrotic, Q2; Late apoptotic, Q3; Early apoptotic, 
and Q4; Live cells. Each value is stated as the mean ± SD. *; P<0.05, **; 
P<0.01 vs. each scramble control and two-way ANOVA multiple comparison 
were applied, SF; Serum free, DTT; Dithiothreitol, CIS; Cisplatin, and Ns; 
Non-significant.

Fig.6: Cell cycle progression assay of -ERMP1 CRC cells using flow 
cytometry analysis. A-C. Results showed that the distribution of cells in 
S phase significantly decreased by knock-down of ERMP1 under normal 
condition or serum free and DTT exposure as compared with each 
scramble controls. D, E. However, following 5-FU and cisplatin treatment, 
the number of cells in S phase expanded compared with their scramble 
cells. F. Via ERMP1 overexpression, cell distribution in G1 has remarkably 
reduced without an obvious rise in S phase. Values are defined as the 
mean ± SD. **; P<0.01, ***; P<0.001,  ****; P<0.0001 vs. each scramble 
control. Two-way ANOVA multiple comparison was used, SF; Serum free, 
DTT; Dithiothreitol, and CIS; Cisplatin.  

Discussion   
Knock-down and overexpression of ERMP1 in CRC cells 

revealed that ERMP1 could possess a role in proliferation 
of CRC cells under normal, stressful, and therapeutic 
condition detectable in tumor microenvironment because 
of high proliferation rate of cancer cells and therapy goals.  
In the same line with our study, a considerable loss (2-
fold reduction) in cellular proliferation of MCF7 and SK-
BR-3 cells has been observed subsequent to transfection 
with ERMP1 siRNAs (1). This loss in proliferation of 
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breast cancer cells has been attributed to the ERMP1 
function in UPR and oxidative stress. In another study, Qu 
et al. (8) indicated that miR-148b repressed the cellular 
proliferation and oxidative stress responses in human 
endometrial cancer RL95-2 cells by targeting ERMP1. In 
a recent observation, it has also been found that miR-328-
3p suppresses the proliferation and colony formation rate 
of Huh-7 hepatocellular carcinoma cells through binding 
to the 3ˊ-UTR end of the ERMP1 gene (9).

Cancer cells in tumor microenvironment are exposed to 
stressful conditions due to inner (high proliferation rate 
and nutrient deficiency) (15) or environment (therapy 
goals) factors (16). Accordingly, ERMP1 differently 
manipulated the cellular proliferation in response to 
stressful conditions and chemotherapeutic agents, 
suggesting that ERMP1 can possess dual effects in 
response to tumor microenvironment.  

DTT, as a redox agent, exacerbated the ERMP1 knock-
down effects, suggesting DTT as an efficient therapy in 
ERMP1 knock-down CRC cells. Our finding is in the 
same line with studies reported DTT as an inducer of cell 
death in multiple cancer cells (17-19).  

It was also found that the effect of ERMP1 knock-down 
in HCT116 cells became reversed with 5-FU/cisplatin 
treatment, which suggests that more attention should be 
paid in deciding which drug or therapeutic manipulation 
is likely to function in ERMP1 knock-down CRCs. 
Besides, knock-down of ERMP1 can be considered as a 
stress accelerating resistance to anti-cancer drugs, as it has 
previously been declared that tumor microenvironment 
stress alleviates drug efficiency via modulating molecular- 
and biochemical-mechanisms (13). However, more 
studies are needed to explore the underlying molecular 
mechanisms. In agreement with our outcomes, it has been 
observed that applying drug treatment, with the aim of 
enhancing tumor microenvironment stress, increases the 
intratumor heterogeneity and contributes to chemotherapy 
resistance (20). Additionally, the consequence of 
exposition to harsh tumor microenvironment is proposed 
to develop invasive and aggressive features of cancer 
cells in an in-silico study (21). In accordance with our 
study, some preclinical evidence has also revealed that 
some anti-angiogenic drugs stimulate cancer metastasis 
and aggressiveness (22, 23).   

The molecular mechanisms of ERMP1 function, as 
an extremely expressed protein in CRC was elucidated. 
Although studies documented that ERMP1 was implicated 
in UPR and oxidative stress responses of cancer cells, 
whether ERMP1 exerts its functional effects via PI3K/
AKT/mTOR pathway that has not yet been studied. Our 
results indicated that one of the unidentified mechanisms 
through which ERMP1 elicits its proliferative and 
progressive effects on CRC cells, is PI3K/AKT pathway. 
ERMP1 facilitated the AKT expression at both mRNA and 
protein level that subsequently promoted the PI3K/AKT 
pathway in CRC cells by enhancing the phosphorylation 
of AKT, which in turn augmented the phosphorylation 

of mTOR as well. PI3K/AKT/mTOR pathway has a 
significant role in modulating the survival, proliferation, 
progression, and invasion of CRC cells (24). AKT, as a key 
regulator of this pathway controls the function of multiple 
implicated in mediating the cell growth or proliferation, 
and cell cycle progression or apoptosis (11). Therefore, 
our results for the first time revealed that ERMP1 exerted 
its proliferative and colony forming impacts on CRC 
cells through PI3K/AKT pathway. In agreement with 
our study, Lu et al. (9) reported that the miR-328-3p 
overexpression suppressed the AKT phosphorylation by 
targeting ERMP1 and reduced the p-mTOR/mTOR ratio. 
Consequently, it decreases the malignant proliferation and 
invasion in liver cancer.

Phosphorylated AKT can in turn drive epithelial-
mesenchymal transition (EMT) and reduce the transcription 
of E-cadherin that would impair cell adhesion and alleviate 
cellular motility and invasion in cancer cells (25). It has 
been revealed that activation of AKT with Contactin-1 
in lung cancer diminishes E-cadherin expression (26). 
Consequently, we assessed the expression of E-cadherin 
and free β-catenin at protein level and identified that 
knock-down of ERMP1 remarkably attenuated the free 
β-catenin level without affecting the level of E-cadherin; 
however, exposition of these cells to serum free and DTT 
obviously increased the E-cadherin level and reduced free 
β-catenin. Moreover, ERMP1 overexpression obviously 
stabilized β-catenin to be free for activating the AKT-
mediated GSK-3β/β-catenin pathway, and then prompted 
the transcription of CYCLIN D, which is demonstrated 
to cooperate in survival, proliferation, and invasion of 
cancer cells (27). Our results verified that the CYCLIN D 
expression was enhanced in +ERMP1 cells; however, it 
was reduced in -ERMP1 cells.  The CYCLIN D down-
regulation led to the cell cycle arrest of -ERMP1 cells at 
G1 phase. One mechanism in which ERMP1 can enhance 
the free β-catenin is through AKT phosphorylation. The 
p-AKT phosphorylates and inactivates GSK-3β, which 
causes a reduction in β-catenin degradation and eventually 
leads to the activation of Wnt/β-catenin signaling that 
ultimately trigger the CYCLIN D promoter activity (28). 
The role of CYCLIN D in G1 arrest has been illustrated 
in an observation that revealed adiponectin reduced the 
transcription of CYCLIN D via restraining AKT-induced 
phosphorylation of GSK-3β and attenuating free β-catenin 
in breast cancer cells (29). In CRC, it has been verified that 
peroxisome proliferator-activated receptor γ coactivator 
1α (PGC-1α), as a regulator of mitochondrial function, 
modulates SW620 and SW480 cells proliferation and 
invasion through AKT/GSK-3β/β-catenin pathway (30). 
In addition, another study has reported that CYCLIN D, as 
a downstream target of activated AKT/GSK-3β/β-catenin 
signaling, is induced by β-catenin as a consequence of 
PIK3CD overexpression in CRC cells in a way that, via 
blockage of AKT signaling or depletion of β-catenin, 
PIK3CD-regulated cell growth, and invasion becomes 
reversed (31). 

As p-AKT has the potency to regulate the function of 
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multiple substrates involved in cellular survival such as 
GSK-3β becomes inactivated by p-AKT to trigger the 
stabilization of β-catenin for nucleus translocation (32) 
and it was revealed for the first time in this study that 
downregulation of ERMP1 could reduce intracellular 
accumulation and nuclear activity of β-catenin, which then 
decreased the expression of CYCLIN D and elevated the 
G1 arrest. It appears that AKT is a determining marker in 
mediating ERMP1 effects, and G1 is the dominant phase 
in CRC cell cycle affected by ERMP1. 

In response to ERMP1 knock-down, the protein level of 
E-cadherin did not change in normal condition and this 
may reflect the possibility that ERMP1 is not the solitary 
agent implicated in regulating E-cadherin expression; 
this is in accordance with the concept that various factors 
can be involved in inhibition of E-cadherin (26, 33) as 
applying starvation or exposure to serum free and DTT 
circumstances in our study reduced the expression of 
E-cadherin. Since E-cadherin and β-catenin cohesion, 
regularly found in the adherent junction, suppresses the 
release of β-catenin to nucleus and stabilizes the complex 
formation for cellular adhesion with restoring β-catenin 
membrane bounded, these results indicate that ERMP1 
reduces the complex formation between E-cadherin and 
β-catenin that further facilitates the release of β-catenin 
to act as a transcription factor. Therefore, co-exerting 
serum free or DTT conditions following ERMP1 knock-
down could inhibit the AKT-mediated EMT through 
restoring E-cadherin expression in CRC cell. Research 
on oral squamous carcinoma cells has revealed that AKT 
inhibition could bring back the E-cadherin expression, 
and thereby the mesenchymal-to-epithelial reverting 
transition (34).

According to our data, knock-down of ERMP1 did not 
promote apoptosis, possibly due to inability in affecting 
C-MYC expression with an exception to DTT-treated cells 
which further caused cell apoptosis and reduced C-MYC 
expression in ERMP1 downregulated cells. C-MYC 
promotes the progression through cell cycle phases not 
only by inducing cell-cycle regulators such as cyclins 
and cyclin-dependent kinases, but also via repressing the 
activity of a set of cell cycle inhibitors (35). It has been 
demonstrated that C-MYC expression is regulated through 
not only Wnt/β-catenin and PI3K/AKT/GSK-3 pathways, 
but also many other important signaling pathways (36); 
possibly because of that result, ERMP1 could not influence 
C-MYC expression, and ERMP1 was not the only factor to 
induce apoptosis in CRC cells.

All together, we provided evidence that ERMP1 through 
activating its downstream signaling could possibly 
modulate the G1 phase progression. G1 arrest found 
by ERMP1 downregulation may be attributed to the 
reduction of CYCLIN D expression, attained in -ERMP1 
cells. Since G1 phase and G1 to S phase transition in cell 
cycle specifically regulates the cellular proliferation and 
differentiation, the proliferation of CRC cells was affected 
by ERMP1.   

Our data also showed that GRP78 expression was not 
affected by ERMP1 knock-down, whereas reduction 
in csGRP78 was considerably explored in -ERMP1 
cells. Since ERMP1 is an ER membrane protein (1), 
GRP78 has probably become trapped in ER membrane 
to initiate ER stress through ERMP1 downregulation. 
Nonetheless, in -ERMP1 cells co-existing with 
starvation, DTT and 5-FU circumstances, both 
expression and cell surface localization of GRP78 
were decreased. The results of DTT are consistent 
with evidence documented that DTT by reducing 
GRP78 expression prompted ER stress-promoted 
HeLa cells apoptosis (17). Although it is proved that 
ERMP1 contributes to ER stress, whether it acts in 
upstream or within ER-related UPRs remains unclear, 
these data suggest that ERMP1 plays an important 
role in localization of GRP78 and exert its several 
biological effects via GRP78. GRP78 is upregulated 
in numerous cancers, and following translocation to 
the cell surface it acts as a receptor for various ligands 
that induce cell malignancy by promoting multiple 
responses such as cell proliferation, migration, 
invasion, stemness, and chemo-resistance (7, 37). 
In the case of CRC, csGRP78 also aggregate in the 
cell membrane, act as a biomarker for prognosis, and 
promote signaling pathways involved in survival and 
proliferation of CRCs such as PI3K/AKT pathway and 
Wnt/β-catenin through binding to α2-macroglobulin, 
complexing with PI3K, and promoting PI [3, 4, 5] P3 
production and co-localization (38, 39). Besides, it has 
been suggested that GRP78 can indirectly suppress 
the interaction between β-catenin and E-cadherin 
through prevention of the E-cadherin expression in 
CRC (40),  and co-existence of starvation or DTT in 
-ERMP1 cells seems to downregulate the expression 
of GRP78 and subsequently accelerate its preventive 
effects on E-cadherin. As a consequence, it seems 
that ERMP1exerts its effects on proliferation of CRC 
cells through not only AKT expression, but also 
translocation of GRP78 to the cell surface.  

In summary, in an attempt to explore the mechanisms 
whereby ERMP1 enhances the proliferation of CRC 
cells, we found that ERMP1 played a role in accelerating 
AKT expression. As a consequence, the augmented 
p-AKT significantly increased free β-catenin, an affect 
that elevated the expression of CYCLIN D but not 
C-MYC; this suggests that activation of p-AKT plays a 
role in ERMP1-mediated stabilization of β-catenin and 
depletion of complex formation between E-cadherin 
and β-catenin. Thus, through enhancing the expression 
of AKT and facilitating cell surface translocation 
of GRP78, ERMP1 could promote the AKT/mTOR 
phosphorylation, free β-catenin stabilization, and 
subsequently prompt the cell cycle progression of 
CRC cells into the S phase.

The limitation of the present study was lacking animal 
experiments. Our next plan is to assess the frequency 
of the ERMP1 overexpression in CRC patients and 
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explore the clinical and pathological impact of ERMP1 
overexpression in affected patients.

Conclusion
Our in vitro research suggests that ERMP1 acts 

as an oncogene possibly through accelerating the 
malignant characteristics of CRC cells via affecting the 
PI3K/AKT/mTOR/β-catenin signaling pathways and 
localizing GRP78; therefore, ERMP1 may be regarded 
as a promising point in therapeutic strategies related to 
CRC. Additionally, this evidence helps better explore the 
ERMP1 employed molecular mechanisms underlying 
CRC proliferation which may further suggest the 
effectiveness of ERMP1 suppression in combination 
with DTT for CRC treatment. Further in vivo studies are 
required to confirm these results.
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