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Abstract. Insulin-like growth factor 1 (IGF-1) is reported to 
inhibit autophagy of human colorectal carcinoma cells (HCT); 
however, little is known regarding the mechanisms underlying 
the inhibitory effect of IGF-1 on autophagy in HCT resistant 
strains. The present study aimed to analyze the inhibitory effect 
of IGF-1 on the autophagy of HCT resistant strains and its 
potential underlying mechanisms. The viability and apoptosis 
of HCT-8 colon cancer cells were analyzed, and expression 
levels of relevant genes and proteins were investigated using 
reverse transcription-quantitative polymerase chain reac-
tion and western blot analysis, respectively. Treatment of 
cells with IGF-1 induced apoptosis. IGF-1 treatment activated 
protein kinase B (AKT), which may inhibit autophagy via 
the AKT/mammalian target of rapamycin signaling pathway. 
Following inhibition of autophagy, drug resistant cells became 
sensitive to apoptosis induced by 5-fluorouracil.

Introduction

Colorectal cancer is one of the most common types of cancer 
worldwide and the incidence is increasing (1). Although 
progress has been made with regard to treatment of colorectal 
cancer, patient survival remains poor (2). Currently, the 
primary drugs used for the treatment of colorectal cancer 
are oxaliplatin and 5-fluorouracil (5-FU) (3). How autophagy 
determines and regulates the sensitivity of colorectal cancer 
cells to 5-FUremainsunclear and requires investigation.

Autophagy is a degradation process that has important 
roles in cellular homeostasis (4). Despite its simplicity, 

evidence has demonstrated that autophagy is a highly complex 
process, involving protein degradation, organelle turnover and 
breakdown of cytoplasmic components during nutrient starva-
tion or stress (5). Autophagy contributes to apoptosis when it is 
executed excessively or inefficiently (6). It has been suggested 
that autophagy serves a fundamental role in tumor progres-
sion (7-10).

Insulin-like growth factor-1 (IGF-1) has been reported to 
regulate cell survival, proliferation, differentiation and metab-
olism (11-13). IGF-1 has an inhibitory role on autophagy in 
various cell types, including human osteocarcinoma cells (11).
However, little is known regarding the mechanisms underlying 
its inhibitory effect on autophagy in drug-resistant human 
colorectal carcinoma cells (HCT).

Therefore, the aim of the present study was to analyze the 
inhibitory effect of IGF-1 on autophagy in drug-resistant HCT, 
and its underlying mechanism.

Materials and methods

Cell culture. HCT-8 human HCT and HCT-8R5-FU-resistant 
HCT cells were obtained from Bogoo Biomart (Shanghai, 
China) The cells were cultured in RPMI-1640 medium 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
containing 10% fetal bovine serum (Gibco; Thermo Fisher 
Scientific, Inc.), 2 mM L-glutamine, 100 U/ml penicillin and 
100 ng/ml streptomycin at 37˚C in a humidified atmosphere of 
95% air. The medium was replaced every 2 days. 

Autophagy analysis using the DsRed-microtubule-associated 
protein 1A/1B-light chain 3 (LC3)reporter. To develop 
an autophagy reporter, DsRed protein was fused with the 
N-terminus of the human LC3 protein through transfecting 
293T cells with a lentivirus. Recombinant lentiviruses 
expressing the DsRed-LC3 reporter were generated and 
applied to infect target cells (14). 

Apoptosis assays. For apoptosis assays, cells were seeded 
at 5x105 cells/ml in triplicate and starved with serum-free 
medium for 24 h, and subsequently treated with 10 or 50 nM 
IGF-1 [Phoenix Biotech (Beijing) Co., Ltd., Beijing, China], 
10 nM MK-2206 (Selleck Chemicals, Houston, TX, USA) or 
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100 nM 3-methyladenine (MA; Sigma-Aldrich; Merck KGaA, 
Darmstadt, Germany) in combination with 10 µg/ml 5-FU 
(Kyowa Hakko Kirin Co., Ltd., Tokyo, Japan). After 24 h, 
cells were stained with 5 µl annexin V-fluorescein isothio-
cyanate and propidium iodide (PI; Invitrogen, Thermo Fisher 
Scientific, Inc.) for 15 min at room temperature and analyzed 
by flow cytometry (BD FACSCalibur™; BD Biosciences, 
Franklin Lakes, NJ, USA) using Flowjo software (version 10; 
Tree Star, Inc., Ashland, OR, USA).

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) analysis. HCT-8R cells were treated with 
IGF-1, AKT inhibitor and 3-MA. Total RNA was extracted 
using the RNeasy kit (Qiagen GmbH, Hilden, Germany) and 
transcribed into cDNA with an RNA Reverse Transcriptase 
kit (Takara Bio, Inc., Otsu, Japan). qPCR was performed with 
a SYBR®Green PCR assay (Takara Bio, Inc.) according to 
the manufacturer's protocol (95˚C for 1 min, and 40 cycles 
of 95˚C for 5 sec and 60˚C for 35 sec, followed by a final 
standard dissociation protocol), using the primers listed in 
Table I. Expression of GAPDH served as an internal control. 
The results were analyzed using the comparative Cq method 
(2-ΔΔCq) (15).

Western blot analysis. HCT-8R cells were treated with IGF-1, 
AKT inhibitor and 3-MA. Cells (5x105 cells/ml) were lysed 
in radioimmunoprecipitation assay buffer (Beyotime Institute 
of Biotechnology, Haimen, China). The cell extracts were 
collected and diluted in SDS-loading buffer and denatured for 
5 min at 95˚C, and protein determination was performed using 
a bicinchoninic acid assay. The samples (30 µg) were sepa-
rated using SDS-PAGE on a 12.5% gel and blotted onto 0.2 µm 
polyvinylidene difluoride membranes (Bio-Rad Laboratories, 
Inc., Hercules, USA). Following blocking with 5% skimmed 
milk powder in TBS containing Tween 20, membranes were 
incubated at 4˚C overnightwithrabbit antibodies against LC3B 
(1:400, catalog no. ab48394; Abcam, Cambridge, UK), protein 
kinase B (1:400, AKT; catalog no. ab179463s; Abcam) and 

phosphorylated (p)-AKT (1:400, catalog no. ab81283; Abcam). 
Subsequently, membranes were incubated with a horseradish 
peroxidase-conjugated anti-rabbit secondary antibody at room 
temperature for 45 min (1:2,000; catalog no. sc-2357; Santa 
Cruz Biotechnology, Inc., Dallas, TX, USA) and proteins were 
visualized with an Enhanced Chemiluminescence system 
(PerkinElmer, Inc., Waltham, MA, USA). β-actin antibody 
(1:1,000; catalog no. sc-130656; Santa Cruz Biotechnology, 
Inc.) was used as an internal control.

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation. A one-way analysis of variance and Scheffé 
post hoc test was applied to investigate significant differences 
among multiple groups. Statistical analysis was performed 
using SPSS software version 11.0 (SPSS, Inc., Chicago, IL, 
USA). P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Autophagy assay using the DsRed-LC3 reporter. Following 
culture for 24 h, autophagy in the drug-resistant cells increased. 
Autophagic bodies decreased following IGF-1 treatment 
(Fig. 1); however, this was reversed upon the addition of an 
AKT inhibitor. 

Apoptosis assays. Apoptosis was detected by annexin V-PI 
staining. In non-resistant cells, apoptosis was increased by 
5-FU treatment, whereas the resistant strain exhibited reduced 
apoptosis at 24 h following 5-FU treatment (Fig. 2). In order to 
reduce the inhibitory effect of serum on autophagy, the cells 
were serum-starved for 24 h, and subsequently cultured with 
10 or 50 nM IGF-1 and 5-FU for a further 24 h. Eventually, 
apoptosis induced by 5-FU treatment was elevated by 
co-culture with IGF-1 in drug-resistant HCT-8R cells (Fig. 3). 
With the addition of the AKT inhibitor MK-2206 (10 nM) or 
autophagy agonist 3-MA (100 nM), apoptosis was decreased 
(Fig. 4).

Table I. Primers used for quantitative polymerase chain reaction.

 Sequence (5'-3') 
 ----------------------------------------------------------------------------------------------------------------------------------------------------------------
Gene Forward Reverse

ULK1 CTGGTCCTCTTGCTTCCGTC  ACACCAGCCCAACAATTCC
BECN1 TCCGGGCTCCCGAGG TTCCTCCTGGGTCTCTCCTG
Vps34 GCTTAAGATCTGGAATGAATGGCT TGCCAGGAGTTTTTGTGGGT
Atg5 GGGTCCCTCTTGGGGTACAT ACCACACATCTCGAAGCACA
Atg7 TGGTTACAAGCTTGGCTGCT TCAAGAACCTGGTGAGGCAC
LC3B AAGGCTTTCAGAGAGACCCTG CCGTTTACCCTGCGTTTGTG
Atg16I CCTGCAATAACAAATTGCTGGA GCCTGTTTGGTACGTCATGC
Atg4B CTCATCTACCTGGACCCCCA AGAATCTAGGGACAGGTTCAGGA
Atg12 CTGTGTAATTGCGTCCCCCT GAAGCTGCAACACAGACTGC
GAPDH AATGGGCAGCCGTTAGGAAA GCGCCCAATACGACCAAATC

ULK1, unc-51 like autophagy activating kinase 1; BECN1, beclin-1; Vps34, phosphatidylinositol 3-kinase catalytic subunit type 3; Atg, 
autophagy-related; LC3B, microtubule-associated protein 1A/1B-light chain 3.
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RT-qPCR analysis. RT-qPCR was used to assess the effects 
of IGF-1 on the mRNA expression levels of autophagy-associ-
ated genes (Fig.5). In the initiation stage of autophagy, IGF-1 
treatment downregulated the mRNA expression levels of the 
autophagy-associated genes unc-51 like autophagy activating 
kinase 1 (ULK1), beclin-1(Becn1) and phosphatidylinositol 
3-kinase catalytic subunit type 3 (Vps34) in HCT-8cells 
(Fig. 5A). Treatment with IGF-1 and the AKT inhibitor 
MK-2206 significantly increased the mRNA expression levels 
of these genes; however, treatment with IGF-1 and 3-MA had 
no significant effect. In the elongation stage, a similar pattern 
was observed in the mRNA expression levels of autophagy 
related (Atg)5, Atg7 and Lc3b (Fig. 5B). In the expansion stage, 
IGF-1 downregulated the mRNA expression levels of Atg4b, 
Atg16l and Atg12, whereas addition of MK-2206 eliminated 
the inhibitory effect of IGF-1 (Fig. 5C).

Western blot analysis. As presented in Fig. 6A, LC3 protein 
expression levels increased following treatment with IGF-1, 
and decreased with the addition of IGF-1 and the AKT inhib-
itor MK-2206. Similarly, p-AKT protein expression levels 
increased with the addition of 50 nM IGF-1, and decreased 
with the addition of 10 or 50 nM IGF-1 and MK-2206 (Fig. 6B). 

Discussion

Autophagy has been reported to serve an important role in cell 
death (4,6). The present study aimed to analyze the inhibitory 

Figure 1. Autophagy assay. Autophagic bodies in (A) HCT-8 cells, 
(B) HCT-8R cells, (C) HCT-8R cells treated with IGF-1 and (D) HCT-8R 
cells treated with IGF-1 and an AKT inhibitor (magnification, x400). IGF-1, 
insulin-like growth factor 1; HCT, human colorectal carcinoma cells; R, 
resistant; AKT, protein kinase B.

Figure 2.Apoptosis of non-resistant and drug-resistant cells following 
treatment with 5-FU. Annexin V-FITC and PI staining of (A) HCT-8 cells, 
(B) HCT-8 cells treated with 5-FU, (C) HCT-8R cells, and (D) HCT-8R cells 
treated with 5-FU. The upper and lower right quadrants indicate apoptotic 
cells. FITC, fluorescein isothiocyanate; PI, propidium iodide; 5-FU, 5-fluoro-
uracil; HCT, human colorectal carcinoma cells; R, resistant.

Figure 3. Apoptosis of drug-resistant cells following IGF-1 treatment. 
Annexin V-FITC and PI staining of (A) HCT-8R cells treated with 10 nM 
IGF-1, (B) HCT-8R cells treated with 50 nMIGF-1, (C) HCT-8R cells treated 
with 10 nM IGF-1 and 5-FU, and (D) HCT-8R cells treated with 50 nM 
IGF-1 and 5-FU.The upper and lower right quadrants indicate apoptotic 
cells. IGF-1, insulin-like growth factor 1; FITC, fluorescein isothiocyanate; 
PI, propidium iodide; HCT, human colorectal carcinoma cells; R, resistant; 
5-FU, 5-fluorouracil.
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Figure 4. Apoptosis of drug-resistant cells following IGF-1 and AKT inhib-
itor treatment. Annexin V-FITC and PI staining of (A) HCT-8R cells treated 
with 10 nM IGF-1, 5-FU and the AKT inhibitor MK-2206, (B) HCT-8R 
cells treated with 10 nM IGF-1, 5-FU and the autophagy agonist3-MA, 
(C) HCT-8R cells treated with 50 nM IGF-1, 5-FU and MK-2206, and 
(D) HCT-8R cells treated with 50 nM IGF-1, 5-FU and 3-MA. The upper 
and lower right quadrants indicate apoptotic cells.IGF-1, insulin-like growth 
factor 1; AKT, protein kinase B; FITC, fluorescein isothiocyanate; PI, prop-
idium iodide; HCT, human colorectal carcinoma cells; R, resistant; 5-FU, 
5-fluorouracil; 3-MA, 3-methyladenine.
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effect of IGF-1 on autophagy in HCT-8R drug-resistant cells, 
and its potential underlying mechanisms.

In the present study, autophagic bodies decreased 
following IGF-1 treatment; this effect was reversed following 
the addition of an AKT inhibitor. This suggested that IGF-1 
may inhibit autophagy by activating AKT. Through apoptosis 
analysis, IGF-1 was observed to increase sensitivity to apop-
tosis induced by 5-FU, which decreased upon the addition 
of an AKT inhibitor or 3-MA. These findings suggested that 
IGF-1 may inhibit autophagy via the AKT/mammalian target 
of rapamycin (mTOR) signaling pathway, and increase the 
sensitivity of resistant strains to 5-FU. 

In a previous study, Lyu et al (16) revealed that peiminine 
resulted in cell death and promoted autophagic flux in HCT-116 
cells, and suggested that peiminine enhanced autophagic 
flux by suppressing the phosphorylation of mTOR via the 
inhibition of upstream signals. In addition, Troncoso et al (11) 
reported that IGF-1 inhibits autophagy via the 5’ adenosine 
monophosphate-activated protein kinase/mTOR signaling 
pathway in addition to the AKT/mTOR signaling pathway. It 
has additionally been reported that inhibition of the mTOR 
signaling pathway induces autophagy and decreases cell 
viability (17,18).

The present study revealed that IGF-1 downregulated 
the mRNA expression levels of autophagy-associated genes 
involved in the three autophagy stages. Atg and Becn1 
are important markers of autophagy (19-24). Previously, 
Jia et al (25) investigated the effect of IGF-1 on the expres-
sion of the autophagy-associated genes LC3 and Becn1 in 
vascular smooth muscle cells (VSMCs). Transmission elec-
tron microscopy revealed significantly reduced numbers of 
vacuolated cells in IGF-1-treated VSMCs compared with the 
untreated control group, andIGF-1 was demonstrated to inhibit 
the expression of autophagy-associated genes via the AKT 
signaling pathway. In the present study, LC3B-I and p-AKT 
protein expression levels increased following IGF-1 treat-
ment, and decreased upon the addition of IGF-1 and an AKT 
inhibitor. These findings indicated that IGF-1 did not appear 
to promote apoptosis alone, although it increased sensitivity to 
apoptosis induced by 5-FU.

In conclusion, the results of the present study suggested 
that IGF-1 activated AKT and inhibited autophagy via the 
AKT/mTOR signaling pathway. Following inhibition of 
autophagy, drug-resistant HCT-8R cells became sensitive to 
5-FU treatment, and treatment with 5-FU in combination with 
IGF-1 increased apoptosis. 

Figure 5. Reverse transcription-quantitative polymerase chain reaction 
analysis following treatment of cells with IGF-1, AKTi and 3-MA.mRNA 
expression levels of genes associated with the three stages of autophagy: 
(A) Initiation, (B) elongation and (C) expansion, were assessed.IGF-1, 
insulin-like growth factor 1; AKTi, protein kinase B inhibitor; 3-MA, 
3-methyladenine; ULK1, unc-51 like autophagy activating kinase 1; Becn1, 
beclin-1; Vps34, phosphatidylinositol 3-kinase catalytic subunit type 3; 
Atg, autophagy-related; Lc3b, microtubule-associated protein 1A/1B-light 
chain 3. ##P<0.05 vs. control.

Figure 6. Western blot analysis following treatment of cells with IGF-1, AKTi 
and 3-MA. (A) Protein expression levels of LC3B. Lane a, FBS; lane b, FBS 
and AKTi; lane c, FBS and 3-MA; lane d, FBS and 50 nM IGF-1; lane e, FBS 
and 50 nM IGF-1 and AKTi; lane f, FBS, 50 nM IGF-1 and 3-MA; lane g, 
CM. (B) Protein expression levels of p-AKT and AKT. Lane h, FBS; lane i, 
FBS and AKTi; lane j, FBS and 50 nM IGF-1; lane k, FBS, 10 nM IGF-1 and 
AKTi; lane l, FBS, 50 nM IGF-1 and AKTi; lane m,CM.IGF-1, insulin-like 
growth factor 1;AKTi, protein kinase B inhibitor; 3-MA, 3-methyladenine; 
LC3B, microtubule-associated protein 1A/1B-light chain 3; FBS, fetal bovine 
serum; CM, complete medium; AKT, protein kinase B; p, phosphorylated.
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