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Abstract: The epidermal growth factor receptor (EGFR) signaling plays a key role in the initiation, progression, growth
and metastases of colorectal carcinoma (CRC). Monoclonal antibody against EGFR (aEGFR; Cetuximab) has been
used in treating CRC but some CRCs appeared to be resistant to aEGFR therapy, with undetermined mechanisms.
Here, we studied the effects of aEGFR on CRC cells in vitro. We found that aEGFR dose-dependently activated
Beclin-1 in 2 CRC cell lines, HT29 and SW480. Inhibition of autophagy significantly increased the aEGFR-induced
CRC cell death in an CCK-8 assay. Moreover, microRNA (miR)-216b levels were significantly downregulated in aEG-
FR-treated CRC cells. Bioinformatics study showed that miR-216b targeted the 3’-UTR of Beclin-1 mRNA to inhibit
its translation, which was confirmed by luciferase reporter assay. Together, these data suggest that aEGFR may
decrease miR-216b levels in CRC cells, which subsequently upregulates Beclin-1 to increase CRC cell autophagy
to antagonize aEGFR-induced cell death. Strategies that increase miR-216b levels or inhibit cell autophagy may
improve the outcome of aEGFR treatment in CRC therapy.
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Introduction

Colorectal carcinoma (CRC) originate from the
epithelial cells in the colon or rectum of the
gastrointestinal tract, and are the third most
prevalent cancer worldwide [1-3]. Although the
primary CRC are highly curable, distal metasta-
ses of CRC to the liver, lungs or other sites may
substantially increase the difficulties for treat-
ments [4].

The epidermal growth factor receptor (EGFR)
has been recognized as an important mediator
in CRC initiation and progression. This mem-
brane-bound receptor tyrosine kinase (RTK)
has therefore become a key target of therapeu-
tic strategies designed to treat metastatic CRC,
in particular with monoclonal antibodies (mAbs)
against the extracellular domain of the receptor
[5-8]. KRAS is an effector molecule responsible
for signal transduction from ligand-bound EGFR
to the nucleus. Activating mutations in KRAS
are recognized as a strong predictor of resis-
tance to EGFR-targeted mAbs. Cetuximab is an

EGFR chemeric human-murine monoclonal an-
tibody (@EGFR). In 2009, the FDA approved
cetuximab for treatment of colon cancer with
wild-type KRAS, since it had little or no effect in
colorectal tumors harboring a KRAS mutation
[9]. In spite of all abovementioned approaches,
the effects of aEGFR on CSCs in the chemother-
apy of CRC remain unclear.

Autophagy is a catabolic biological event char-
acterized by the degradation of the cellular
compartments and their recycling in order to
improve cell survival upon harsh living environ-
ment [10-13]. Among all autophagy-associat-
ed proteins, autophagy-associated protein 6
(ATGS6, or Beclin-1) is a key regulator for autoph-
agy [14]. Recent studies have demonstrated a
critical role of autophagy in the tumor initiation,
growth and metastases, and especially in the
mechanisms underlying chemo-resistance of
tumor cells during chemotherapy [15-19]. Ne-
vertheless, autophagy has not been shown
associated with resistance of CRC cells against
aEGFR therapy.
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MicroRNAs (miRNAs) are a class of non-coding
small RNAs that regulate the protein translation
of target mRNA, through its base-pairing with
the 3’-untranslated region (3-UTR) [20, 21].
There are accumulating evidence to show that
miRNAs play very important roles in tumor [22-
24]. Among all miRNAs, the involvement of miR-
216b as a tumor suppressor in the carcinogen-
esis of various cancers as just acknowledged
recently [25-28]. However, the involvement of
miR-216b in the chemo-resistance of CRC
against aEGFR has not been studied.

Here, we found that aEGFR dose-dependently
activated Beclin-1 in 2 CRC cell lines, HT29 and
SWA480. Inhibition of autophagy significantly
increased the aEGFR-induced CRC cell death in
an CCK-8 assay. Moreover, microRNA (miR)-
216b levels were significantly downregulated in
aEGFR-treated CRC cells. Bioinformatics study
showed that miR-216b targeted the 3’-UTR of
Beclin-1 mRNA to inhibit its translation, which
was confirmed by luciferase reporter assay.

Materials and methods
Cell lines and reagents

HT29 and SW480 are two human CRC lines
purchased from ATCC (ATCC, Rockville, MD,
USA), and were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM) supplemented with
20% fetal bovine serum (Invitrogen, Carlsbad,
CA, USA) in a humidified chamber with 5% CO,
at 37°C. HT-29 is a colorectal adenocarcinoma
from a 44 year-old female, and has been
describe before [29]. SW480 is a colorectal
adenocarcinoma from a 50 year-old male, and
has been describe before [30]. aEGFR (Taxol,
Sigma-Aldrich, St. Louis, MO, USA) was pre-
pared in a stock of 100 mg/ml and applied to
the cultured CRC cells at 0.2 mg/ml, 0.5 mg/ml
and 1 mg/ml, respectively. 3-Methyladenine
(3-MA, Sigma-Aldrich) was prepared and used
fresh at a concentration of 5 mmol/I.

Cell transfection

MiRNAs mimics (miR-216b) and miRNAs anti-
sense oligonucleotides (as-miR-216b) were ob-
tained from Origene (Beijing, China). For a con-
trol of these plasmids for modifying miR-216b
levels, a plasmid carrying a null sequence (null)
was used. These constructs were generated
and cloned into the TOPO plasmid (Invitrogen,
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Carlsbad, CA, USA). The plasmids were trans-
fected into cells at a concentration of 50 nmol/I
using Lipofectamine-2000 (Invitrogen), receiv-
ing a nearly 100% transfection efficiency. The
cells were analyzed after 24 hours, according
to the manufacturer’s instruction.

MicroRNA target prediction and 3-UTR lucifer-
ase-reporter assay

MiRNAs targets were predicted with the algo-
rithms TargetSan (https://www.targetscan.org)
[31]. The Beclin-1 3’-UTR reporter plasmid (pRL-
Beclin-1) was purchased from Creative Biogene
(Shirley, NY, USA). CRC cells were co-transfect-
ed with pRL-Beclin-1 and miR-216b/as-miR-
216b/null by Lipofectamine 2000 (5x10* cells
per well). Cells were collected 48 hours after
transfection for assay using the dual-luciferase
reporter assay system gene assay kit (Promega,
Beijing, China), according to the manufacturer’s
instructions.

Cell counting kit-8 (CCK-8) assay

The CCK-8 detection kit (Sigma-Aldrich) was
used to measure cell viability according to the
manufacturer’s instructions. Briefly, cells were
seeded in a 96-well microplate at a density of
5000/ml. After 24h, cells were treated with res-
veratrol. Subsequently, CCK-8 solution (20 ml/
well) was added and the plate was incubated at
37°C for 2 h. The viable cells were counted by
absorbance measurements with a monochro-
mator microplate reader at a wavelength of
450 nm. The optical density value was reported
as the percentage of cell viability in relation to
the control group (set as 100%).

Western blot

Protein was extracted from the cultured cells
with RIPA lysis buffer (Sigma-Aldrich) on ice.
The supernatants were collected after centrifu-
gation at 12000x% g at 4°C for 20 min. Protein
concentration was determined using a BCA pro-
tein assay kit (Bio-rad, China), and the proteins
were separated on SDS-polyacrylamide gels,
and then transferred to a PVDF membrane. The
membrane blots were first probed with a pri-
mary antibody. After incubation with horserad-
ish peroxidase-conjugated second antibody,
autoradiograms were prepared using the en-
hanced chemiluminescent system to visualize
the protein antigen. The signals were recorded
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Figure 1. aEGFR dose-dependently increases Beclin-1 levels in CRC cells. (A, B) Beclin-1 levels in HT29 cells after
aEGFR treatment (0.2 mg/ml, 0.5 mg/ml and 1 mg/ml) with/without 3-MA (5 mmol/I), shown by representative
Western blots (A), and by RT-gPCR for mRNA (B). (C, D) Beclin-1 levels in SW480 cells after aEGFR treatment (0.2
mg/ml, 0.5 mg/ml and 1 mg/ml) with/without 3-MA (5 mmol/l), shown by representative Western blots (C), and by

RT-qPCR for mRNA (D). *p<0.05. NS: non-significant. N=5.

using X-ray film. Primary antibodies were rabbit
anti-Beclin-1 and anti- a-tubulin (Cell Signaling,
San Jose, CA, USA). Secondary antibody is HRP-
conjugated anti-rabbit (Jackson ImmunoRe-
search Labs, West Grove, PA, USA). a-tubulin
was used as a protein loading control. The pro-
tein levels were first normalized to a-tubulin,
and then normalized to the experimental con-
trols.
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Quantitative real-time PCR (RT-qgPCR)

Total RNA was extracted from cultured cells
using miRNeasy kit (Qiagen), for cDNA synthe-
sis. Quantitative real-time PCR (RT-qgPCR) was
performed in duplicates with QuantiTect SYBR
Green CRCR Kit (Qiagen). All primers were pur-
chased from Qiagen. Data were collected and
analyzed with 2-AACt method for quantifica-
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Figure 2. Suppression of autophagy increases aEG-
FR-induced CRC cell death. (A, B) aEGFR was given
to HT29 (A) or SW480 cells (B) at different doses (0.2
mg/ml, 0.5 mg/ml and 1 mg/ml) with/without 3-MA
(5 mmol/I). Cell viability was examined in an CCK-8
assay. *p<0.05. NS: non-significant. N=5.

tion. Values of genes were first normalized
against a-tubulin, and then compared to experi-
mental controls.

Statistical analysis

All statistical analyses were carried out using
the SPSS 18.0 statistical software package. All
data were statistically analyzed using one-way
ANOVA with a Bonferroni correction, followed by
Fisher's Exact Test. All values are depicted as
mean * standard deviation and are considered
significant if p < 0.05.

Results

aEGFR dose-dependently increases Beclin-1
levels in CRC cells

We examined the effects of aEGFR on CRC cell
autophagy using 2 CRC cell lines, HT29 and
SWA480. We gave aEGFR at different doses (0.2
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mg/ml, 0.5 mg/ml and 1 mg/ml) to these cells,
with or without an autophagy inhibitor 3-MA (5
mmol/I). We found that aEGFR dose-depend-
ently upregulated Beclin-1 in HT29 cells, which
was significantly suppressed by 3-MA (Figure
1A). However, the Beclin-1 mRNA was not
affected by aEGFR (Figure 1B). Similarly, we
found that aEGFR dose-dependently upregulat-
ed Beclin-1 in SW480 cells, which was signifi-
cantly suppressed by 3-MA (Figure 1C). How-
ever, the Beclin-1 mRNA was not affected by
aEGFR (Figure 1D). These data suggest that
aEGFR dose-dependently increases Beclin-1
levels and cell autophagy in CRC cells, which
may contribute to its chemo-resistance against
aEGFR. Moreover, the regulation of Beclin-1 by
aEGFR may be at post-transcriptional level.

Suppression of autophagy increases aEGFR-
induced CRC cell death

Next, we examined the effects of aEGFR on
CRC cell death when autophagy is inhibited. We
found that aEGFR dose-dependently decreased
HT29 cell survival in an CCK-8 assay, while
these effects were further augmented when
autophagy was suppressed by 3-MA (Figure
2A). Similarly, we found that aEGFR dose-
dependently decreased SW480 cell survival,
while these effects were further augmented
when autophagy was suppressed by 3-MA
(Figure 2B). These data suggest that while
aEGFR dose-dependently increases CRC cell
death, aEGFR also dose-dependently increases
CRC cell autophagy, which attenuates aEGFR-
induced cell death.

aEGFR modulates miR-216b, which targets
Beclin-1 to regulate CRC cell autophagy

Since miRNAs are critical regulators for protein
translation, we performed bioinformatics stud-
ies to screen miRNAs that may target 3’-UTR of
Beclin-1 mRNA, and were regulated by aEGFR
treatment. Among all predicted binding miR-
NAs, we found that miR-216b targeted the 579-
585 base pairs of 3-UTR of Beclin-1 mRNA
(Figure 3A). Moreover, miR-216b levels were
found to be dose-dependently inhibited by
aEGFR in HT29 cells (Figure 3B), and in SW480
cells (Figure 3C). Together, these data suggest
that miR-216b may be a Beclin-1-targetting
miRNA that is suppressed by aEGFR treatment
in CRC cells.

Am J Transl Res 2016;8(2):1190-1196
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Figure 3. aEGFR modulates miR-216b, which targets Beclin-1 to regulate CRC cell autophagy. (A) Bioinformatics
study for miRNAs that target 3'-UTR of Beclin-1 mRNA, showing that miR-216b targets the 579-585 base pair of 3'-
UTR of Beclin-1 mRNA. (B, C) MiR-216b levels were found to be dose-dependently inhibited by aEGFR in HT29 cells

(B), and in SW480 cells (C). *p<0.05. N=5.
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Figure 4. MiR-216b inhibits Beclin-1 protein transla-
tion in CRC cells. A. The miR-216b levels in HT29 and
SWA480 cells were modified and verified by RT-qPCR.
B. In order to verify that the binding of miR-216b to
the 3’-UTR of Beclin-1 mRNA is functional, the intact
3-UTR of Beclin-1 was cloned into a luciferase re-
porter plasmid. MiR-216b overexpression significant-
ly reduced the luciferase activity of 3’-UTR reporter
for Beclin-1, while miR-216b depletion significantly
increased the luciferase activity of 3’-UTR reporter
for Beclin-1. *p<0.05. N=5.
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MiR-216b inhibits Beclin-1 protein translation
in CRC cells

In order to verify that the binding of miR-216b
to the 3’-UTR of Beclin-1 mRNA is functional,
the intact 3'-UTR of Beclin-1 was cloned into a
luciferase reporter plasmid. Then, miR-216b
levels in HT29 and SW480 cells were modified
by transfection of either miR-216b mimic, or
antisense, or null as a control. The modification
of miR-216b levels in HT29 and SW480 cells
was confirmed by RT-gPCR (Figure 4A). We
found that miR-216b overexpression signifi-
cantly reduced the luciferase activity of 3'-UTR
reporter for Beclin-1, while miR-216b depletion
significantly increased the luciferase activity of
3-UTR reporter for Beclin-1, in either HT29
cells or SW480 cells (Figure 4B). Thus, our data
suggest that the binding of miR-216b to the
3’-UTR of Beclin-1 mRNA in CRC cells is func-
tional. Together, the findings in the current
study suggest that aEGFR may decrease miR-
216b levels in CRC cells, which subsequently
upregulates Beclin-1 to increase CRC cell
autophagy to antagonize aEGFR-induced cell
death. Strategies that increase miR-216b lev-
els or inhibit cell autophagy may improve the
outcome of aEGFR treatment in CRC therapy
(Figure 5).
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Figure 5. Schematic of the model. aEGFR may de-
crease miR-216b levels in CRC cells, which subse-
quently upregulates Beclin-1 to increase CRC cell
autophagy to antagonize aEGFR-induced cell death.

Discussion

aEGFR induces mitotic arrest at concentrations
typically used in human tumor cell (including
CRC cells) culture, it was believed that aEGFR
may have a therapeutic effect on human can-
cer. Nevertheless, some cancer cells appear to
be resistant to aEGFR treatment. On the other
hand, the compromised effects of aEGFR on
cancer mitotic arrest and cell death may be
resulting from the molecular responses of can-
cer cells to aEGFR, in which enhanced survival
is reached by activation of cell autophagy.
Numerous screens to identify cellular and
molecular markers of resistance or sensitivity
to paclitaxel have been performed by different
researchers. However, so far a validated bio-
marker to be used in clinic for predicting the
outcome of aEGFR therapy has not been
achieved.

In the current study, we analyzed the effects of
aEGFR on the cell viability and autophagy of
CRC cells. We found that aEGFR dose-depend-
ently decreases CRC cell viability. However, this
aEGFR-induced CRC cell death appeared to be
attenuated by enhanced autophagy-associated
cell survival. In line with this view, it seemed
that aEGFR induce both apoptotic cell death
and autophagic cell survival in CRC cells, and
autophagy appears to be a negative feedback
of CRC cells to antagonize the toxicity of aEGFR.
aEGFR generated a harsh environment for CRC
cells. In order to survive, lung cancer cells
decreased miR-216b levels to induce upregula-
tion of Beclin-1 to augment autophagic cell sur-
vival. Here, we used 2 different CRC lines (HT29
and SW480) and achieved same result, which
potentially excluded a possibility of cell-line
dependence of the current findings.

Together, our data shed light on a previously
non-appreciated signaling regulatory pathway
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that controls the effects of aEGFR against CRC
cells. Future experiments may be applied to fur-
ther dissect the details of the pathway, e.g.
other involved key proteins, other involved miR-
NAs, and the clinic relevance. Our study also
suggests that strategies that increase miR-
216b levels or inhibit cell autophagy may
improve the outcome of aEGFR treatment in
CRC therapy.
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