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Abstract: HIF-1α is an important transcriptional factor, which plays roles in cancer development and progression. 
But its regulation by miRNAs is not clear. Here, to investigate the regulation of HIF-1α by miRNAs, miRNAs were 
predicted and miR-526b-3p was verified as a regulator of HIF-1α in colon cancer cells. Using TaqMan RT-PCR analy-
sis, we analyzed the expression of miR-526b-3p in tumor tissues and cell lines and found that miR-526b-3p was 
consistently under-expressed in cancer tissues and cell lines compared with their normal controls. When miR-526b-
3p was induced into the colon cancer cells, cell proliferation, metastasis and glycolysis of colon cancer cells were 
suppressed. We also found that miR-526b-3p was down-regulated in metastatic colon cancer tissues and negatively 
with HIF-1α mRNA in colon cancer tissues. In a summary, miR-526b-3p plays as a tumor suppressor by down-regu-
lation of HIF-1α expression in colon cancer and may be a new diagnosis or therapeutic target. 
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Introduction

Colon cancer is a very common type of cancer. 
Its therapeutic methods usually include opera-
tion and chemotherapy. However, there are still 
many questions needing to resolve such as 
early diagnosis, drug resistance and metasta-
sis. Hypoxia-inducible factors (HIFs), critical 
regulators in tumor hypoxia, are known to regu-
late multiple steps of tumorigenesis and are 
typically associated with changes in metabo-
lism, angiogenesis, metastasis, drug resis-
tance, and poor clinical outcomes [1, 2]. HIFs 
consists of HIF-α and HIF-β subunits. HIF-1α 
and HIF-2α are the two isoforms of HIF-α family. 
In normoxia, α subunits of HIF are hydroxylated, 
recognized by the von Hippel-Lindau (pVHL), 
the substrate recognition component of an E3 
ubiquitin ligase complex that targets HIF-α for 
proteasomal degradation. In hypoxia, HIF-α is 
stabilized by inhibiting prolyl hydroxylation, and 
in turn ubiquitin proteasomal degradation, 
making HIF-α capable of dimerizing with ARNT, 
binding to the hypoxia-responsive DNA ele-
ment, and recruiting the transcription coactiva-

tor p300/CBP for the transcriptional activation 
of a host of hypoxia-responsive genes [3-5].

MicroRNAs (miRNAs) are small non-coding RNA 
molecules, which broadly express in various 
cells and regulate gene expression at the post-
transcriptional level through interaction with 
the 3’-UTRs of target mRNAs [5-8]. There are 
reports showed that many miRNAs participate 
cell proliferation, development, differentiation, 
apoptosis, metabolism and metastasis of colon 
cancer. Indeed, recent studies show that aber-
rantly regulated miRNAs like miR-106b, miR-
135, miR-21, miR-622 in colon cancers by tar-
geting functional genes [9-12]. Studies show 
that miRNA expression is dysregulated in colon 
cancer.

In our study, miR-526b-3p was predicted as a 
regulator of HIF-1α. The expression of miR-
526b-3p in colon cancer was examined in colon 
cancer tissue samples and cell lines. Role of 
miR-526b-3p in colon cancer cells were investi-
gated, which included cell proliferation and 
metastasis. The study demonstrated that miR-
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526b-3p played as a suppressor in colon can-
cer by targeting HIF-1α.

Materials and methods 

Tumor samples

Colon cancer and non-cancer samples were 
obtained from 86 patients diagnosed with 
colon cancer. The specimens of colon cancer 
were confirmed histologically. Adjacent noncan-
cerous tissue samples were used as normal 
control tissues. The research protocol for the 
human tissue collection was approved by the 
review board of Liaoning cancer hospital & 
institute (Shenyang, China).

Cell culture

Human colon cancer cell lines CT26, SW116, 
LS174T, DLD-1, LOVO, SW620, HCT116, HT-29 
and SW480 were obtained from China Center 
for Type Culture Collection (ATCC, Rockville, 
MD, USA) and Cell Bank of the Chinese Academy 
of Sciences (Shanghai, China). Human benign 
colon cells NCM460 were obtained from ATCC. 
The cells were maintained in Dulbecco’s modi-
fied Eagle medium (DMEM) supplemented with 
10% fetal bovine serum, 100 units/ml penicillin 
and streptomycin and maintained in cell culture 
flasks.

RNA Isolation and quantitative real-time-PCR

Total RNA from the various cells and tissues 
were extracted using RNeasy Mini Kit (QIAGEN, 
USA) according to the manufacturer’s instruc-
tions. The total RNA was treated with DNase I 
and purified using phenol-chloroform. The real-
time RT-PCR for miRNA detection was per-
formed using mirVana qRT-PCR miRNA detec-
tion kit. The real-time RT-PCR for HIF-1α 
detection was performed using SYBR Green 
One-step Real-Time RT-PCR Master Mixes 
(ThermoFisher). Reactions were carried out in 
Applied Biosystems 7500 Real time PCR sys-
tem. The running conditions were according to 
the manuals. 

Analysis of cell proliferation

Colon cancer cells HT-29 and SW480 were plat-
ed in 6-well plates and transfected with mimic 
miR-526b-3p or the control. Cell proliferation 
was assayed by CCK8 according to the instruc-
tions. The absorbance value was at 570 nm. 

Invasion assay

Colon cancer cells HT-29 and SW480 were plat-
ed in 6-well plates and transfected with mimic 
miR-526b-3p or HIF-1α or the control. Cell inva-
sion was evaluated using 24-transwell cham-
bers with coating matrigel (8-μm pore size, 
Corning, NY). The invaded cells were fixed and 
stained with 0.1% crystal violet and counted 
under a microscope at least five randomly 
selected fields.

Luciferase reporter assay

The wild-typed HIF-1α 3’-UTR sequence was 
amplified from NCM460 cells by PCR. The 
mutated HIF-1α 3’-UTR was performed using 
QuickChange Site-Directed Mutagenesis Kit. 
The wide-type and mutated HIF-1α 3’-UTR were 
cloned into pMirTarget vector (OriGene). Colon 
cancer cells were co-transfected with HIF-1α 
3’-UTR or miR-526b-3p mimics using Lipofec- 
tamine 2000 for 24 hour and then and per-
formed for luciferase activity analysis using 
luciferase assay system (Promega).

Western blotting

Colon cancer cells HT-29 and SW480 were plat-
ed in 6-well plates and transfected with mimic 
miR-526b-3p or HIF-1α or the control. Total pro-
tein was extracted using RIPA buffer, qualified 
and then performed for SDS-PAGE. The protein 
on the gels was transferred to PVDF mem-
branes. The blots were probed with the anti-
HIF-1α, LDHA, PKM2, HK2, GLUT1 and GAPDH 
and detected using an ECL system (Pierce).

Statistical analysis

Data were analyzed using SPSS 15.0. All data 
were represented as mean ± SEM from tripli-
cate experiments. Statistical analyses were 
performed using Student’s t-test, and a p < 
0.05 value was considered significant.

Results

miR-526b-3p is identified as a potential regu-
lator of HIF-1α in colon cancer cells

HIF-1α is an important transcriptional factor, 
which is induced by hypoxia or growth factors. 
To find the new miRNAs that regulates HIF-1α, 
miRNA target gene prediction software miR-
Base was used. The most potential miRNAs 
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including the reported miRNAs were selected 
for real time RT-PCR, the data showed that the 
significant miRNAs were found in HT-29 colon 
cancer cells (Figure 1A). The significant miR-
NAs included miR-199a-5p, miR-199b-5p, miR-
135b-5p, miR-135b-5p, miR-142-3p.2, miR-
18b-5p, miR-18a-5p, miR-4735-3p, miR-20b- 
5p, miR-20a-5p, miR-106b-5p, miR-106a-5p, 
miR-93-5p, miR-17-5p, miR-338-3p, miR-481-
3p, and miR-526b-3p (Figure 1A). The down-
regulation of miR-526b-3p expression was veri-

fied in various colon cancer cells (Figure 1B). 
miR-526b-3p was selected for the following 
study.

miR-526b-3p regulates HIF-1α expression in 
colon cancer cells

HIF-1α is a candidate target gene of miR-526b-
3p using miRBase (Figure 2A). When HT-29 
cells were co-transfected wide type of reporter 
plasmid carrying with 3’-UTR of HIF-1α or the 

Figure 1. miR-526b-3p is identified as a potential regulator of HIF-1α in colon cancer cells. A. The expression miR-
NAs in HT-29 colon cancer cells that regulates HIF-1α. miRNA expression was examined by real time RT-PCR. B. 
miR-526b-3p was down-regulated in various colon cancer cells. *p < 0.05, **p < 0.01 vs control.

Figure 2. HIF-1α is a direct target of miR-526b-3p in colon cancer cells. A. Wild typed and mutant target sites for 
miR-526b-3p sequences in 3’UTR of HIF-1α were shown. B. Luciferase reporter assays were performed to verify 
the binding of miR-526b-3p in 3’-UTR of HIF-1α. WT: wild type; Mut: mutation. C. qRT-PCR assay was performed 
to detect the mRNA level of HIF-1α in HT29 cells treated with miR-526b-3p mimics. miR-526b-3p was measured 
by miRNA real-time RT-PCR in HT29, SW480 and HCT116 cells after miR-526b-3p mimic transfection. D. Western 
blotting analysis was used to measure HIF-1α protein in colon cancer cells exposing in hypoxia (1% O2) treated with 
miR-526b-3p mimics. *p < 0.05, **p < 0.01 vs control.
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mutated plasmid and miR-526b-3p, the dual 
reporter assays revealed that introduction of 
miR-526b-3p suppressed the activity of 3’-UTR 
of HIF-1α, but not mutated 3’-UTR of HIF-1α 
(Figure 2B). When the colon cancer cells includ-
ing HT29, SW480 and HCT116 cells were trans-
fected miR-526b-3p mimics, HIF-1α mRNA 
decreased significantly (Figure 2C). Because 
HIF-1α protein is sensitive to oxygen and easily 
degraded, so the colon cancers were transfect-
ed miR-526b-3p and then exposed to 1% oxy-
gen for HIF-1α induction. The data from west-
ern blotting showed that HIF-1α protein was 
reduced in the cells with miR-526b-3p mimics 
transfection (Figure 2D). The results indicated 
that HIF-1α is a direct target of miR-526b-3p in 
colon cancer cells. 

Low expression of miR-526b-3p is positively 
correlated with clinincal features of colon 
cancer

miR-526b-3p expression levels in colon cancer 
tissues were examined by qRT-PCR analyses 

and significantly lower in 86 human Colon can-
cer tissues than their normal adjacent Colon 
tissues (Figure 3A). Furthermore, miR-526b-3p 
expression levels were compared between 
metastatic tissues and non-metastatic colon 
ones and the former was greatly lower than the 
latter (Figure 3B). Further analysis showed that 
miR-526b-3p expression was negatively asso-
ciated with the histological grade of colon can-
cer (Figure 3C). The results demonstrated that 
lack of miR-526b-3p expression in colon can-
cer is positively related to the advanced stage, 
metastasis, and poor prognosis.

HIF-1α was found to be negatively related to 
miR-526b-3p expression in colon cancer tis-
sues (Figure 3D). 

miR-526b-3p suppresses colon cancer cell 
proliferation and invasion by down-regulation 
of HIF-1α

HIF-1α was identified as a target gene of miR-
526b-3p, but the functional relationship bet- 
ween miR-526b-3p and HIF-1α is not known. 

Figure 3. Low expression of miR-526b-3p is positively correlated with clinic features of colon cancer. A. miR-526b-
3p was down-regulated in various colon cancer tissues. B. miR-526b-3p was down-regulated in metastatic colon 
cancer tissues. C. miR-526b-3p was related to colon cancer features in clinic. D. HIF-1α mRNA expression was 
negatively with miR-526b-3p expression in colon cancer tissues. *p < 0.05, **p < 0.01 vs control.
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HT29 cells were transfected with both HIF-1α/
ΔODD and miR-526b-3p, and then cell prolifer-
ation was assayed by CCK8. It was shown that 
cells with HIF-1α overexpression grew faster, 
and miR-526b-3p inhibited HIF-1α induced cell 
growing (Figure 4A and 4B). Moreover, upon 
transfection with the HIF-1α/ΔODD construct, 
the suppression of miR-526b-3p mediated cell 
invasion (Figure 4C and 4D) in HT29 and 
SW480 cells was also abolished. Taken togeth-
er, the results demonstrated that the repres-
sion of cell progression by miR-526b-3p was 
typically a consequence of decreased HIF-1α 
expression in colon cancer cells.

miR-526b-3p regulates colon cancer cell gly-
colysis through HIF-1α

HIF-1α could regulate cancer cell metabolism 
by its targets genes such as CA9, LDHA. To 
investigate whether miR-526b-3p involves in 
colon cancer cell metabolism, HT-29 and 

SW480 cells were transfected miR-526b-3p 
and HIF-1α/ΔODD, and glycolysis rate and  
lactate were examined. It was showed that  
cells with miR-526b-3p overexpression had  
low rate of glycolysis than in the cells with  
HIF-1α overexpression and miR-526b-3p could 
inhibit the glycolysis rate of the cells induced  
by HIF-1α (Figure 5A and 5B). Lactate pro- 
duction was also inhibited in HT-29 and SW480 
cells with miR-526b-3p overexpression and 
miR-526b-3p could inhibit the lactate produc-
tion of the cells induced by HIF-1α (Figure  
5C and 5D). The changes of glycolysis was 
related to up-regulation of glycolysis associat-
ed gene expression (Figure 5E). LDHA, HK2 
and GLUT1 were suppressed in the cells with 
miR-526b-3p restoration. 

Discussion

Increasing number of studies has demonstrat-
ed that miRNAs may serve as novel prognostic 

Figure 4. miR-526b-3p suppresses colon cancer cell proliferation and invasion by down-regulation of HIF-1α. A. Cell 
grow was assayed in HT-29 cells with miR-526b-3p or HIF-1α transfection. B. Cell grow was assayed in SW480 cells 
with miR-526b-3p or HIF-1α transfection. C. Cell migration was assayed in HT-29 and SW480 cells with miR-526b-
3p or HIF-1α transfection. D. Cell invasion was assayed in HT-29 and SW480 cells with miR-526b-3p or HIF-1α 
transfection. *p < 0.05, **p < 0.01 vs control.
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markers for prediction of chemotherapeutic 
responses and prognosis in patients with colon 
cancer. In the current study, we show that miR-
526b-3p can regulate HIF-1α in colon cancer 
cell lines. We revealed an inverse correlation 
between miR-526b-3p and HIF-1α in a panel of 
colon cancer cell lines as compared to a normal 
colon epithelial cell line. miR-526b-3p restora-
tion in colon cancer cell lines, reduces HIF-1α 
mRNA and protein levels, and inhibits cell 
growth, colony formation and metastasis. In 
conclusion, our data suggest that miR-526b-3p 
acts as a tumor suppressive miRNA and when 
down-regulated promotes tumorigenesis thr- 
ough the up regulation of HIF-1α.

There are several miRNAs targeting HIF-1α and 
playing roles in tumor and other diseases. For 
example, Xu et al reported that miR-338-3p is 
involved in sensitivity to sorafenib in hepatocar-
cinoma cells via targeting HIF-1α [13]. Krutilina 
reported that miR-18a inhibits lung metastasis 
in breast cancer by down-regulation of HIF-1α 
[14]. Except in cancer, regulation of HIF-1α by 
miRNAs is also reported. MiR-210 could regu-
lates TH17 cell differentiation by targeting HIF-
1α expression [15]. In our study, we found a 
new regulator of HIF-1α, miR-526b-3p. Firstly, it 
was verified that HIF-1α is indeed a direct tar-
get gene of miR-526b-3p in colon cancer cells. 

Further research demonstrated that HIF-1α 
mRNA and protein were negatively regulated by 
miR-526b-3p. The cellular function assays indi-
cated that miR-526b-3p could inhibit colon 
cancer cell proliferation, metastasis and gly-
colysis by targeting HIF-1α.

Overall, some of the important tumor-suppres-
sive mechanism of miR-526b-3p through the 
negative regulation of HIF-1α was investigated. 
miR-526b-3p may be a miRNA-based molecu-
lar therapy candidate of colon cancer. Our find-
ings provide insight into the mechanism of dys-
regulation of colon cancer stem cells and 
eventually colorectal cancer initiation and pro-
gression. By understanding the molecular 
mechanisms of colorectal cancer biology, there 
are more methods or targets of colon cancer 
therapy be developed.
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