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Abstract: Chemotherapy resistance frequently drives tumor progression. However, the underlying molecular mecha-
nisms remain unclear. In this study, we found that the expression level of miR-26b was down-regulated in the human 
colorectal cancer tissues and the resistant cells strains: HT-29/5-FU and LOVO/5-FU cells. Meanwhile, we showed 
that miR-26b improved sensibility of colorectal cancer cells to 5-FU in vitro and enhanced the potency of 5-FU in 
the inhibition of tumor growth in vivo. We further demonstrated that the tumor suppressive role of miR-26b was 
mediated by negatively regulating P-glycoprotein (Pgp) protein expression. Furthermore, studies of colorectal cancer 
specimens indicated that the expression of miR-26b and Pgp had inverse correlation. Importantly, we found that 
CpG islands in the miR-26b promoter region were hypermethylated in 5-FU resistant cells. Our study is the first to 
identify the tumor suppressive role of over-expressed miR-26b in chemo-sensitivity. Identification of a novel miRNA-
mediated pathway that regulates chemo-sensitivity in colorectal cancer will facilitate the development of novel 
therapeutic strategies in the future. 

Keywords: miR-26b, Pgp, 5-FU-resistance, colorectal cancer

Introduction

Colorectal cancer (CRC) is the most common 
cause of cancer-related mortality both in China 
and the western world. Although surgery, che-
motherapy and radiotherapy for the treatment 
of CRC have improved in recent decades, the 
overall survival rate of the patients remains 
poor [1]. 5-Fluorouracil (5-FU) is one of the che-
motherapeutic drugs, which is most widely 
used alone or combined with other drugs in 
CRC treatment. The studies have shown that 
5-FU induced apoptosis and/or cell cycle ar- 
rest in cancer cells [2, 3]. However, the develop-
ment of chemotherapy resistance is a major 
obstacle against successful chemotherapy in 
advanced CRC treatment [4]. There is an ur- 
gent need to investigate the molecular mecha-
nisms underlying drug resistance of CRC, which 
could help to develop the novel prognostic bio-
markers and an efficient strategy for the treat-
ment of CRC. 

MicroRNAs (miRNAs) are a class of short non-
coding RNA molecules that bind to the 
3’-untranslated region (3’-UTR) of the target 
mRNAs and act post-transcriptionally as ne- 
gative regulators of gene expression [5, 6]. 
Accumulating evidence has shown that miRNAs 
functioned as oncogenes or tumor suppressor 
genes in varies tumor including CRC [7, 8]. 
Emerging evidence has revealed that abnormal 
expression of miRNAs also play a vital role in 
chemotherapeutic drug resistance [9]. Rein- 
forced expression of miR-20a sensitized breast 
cancer cells to a broad spectrum of chemother-
apy drugs and suppressed their proliferation 
both in vitro and in vivo [10]. Zhang Y et.al has 
shown that miR-587 is an important mediator 
of 5-FU-induced apoptosis in CRC [11]. In recent 
years, miR-26b has been a focus of interest for 
its role as a tumor suppressor in several cancer 
types, such as breast cancer, hepatocellular 
carcinoma, prostate cancer and colorectal can-
cer [12-15]. However, the potential role of miR-
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26b in overcoming chemotherapy resistance 
and the underlying mechanism in colorectal 
cancer remain unrevealed.

In the present study, we firstly demonstrated 
that miR-26b was decreased in colorectal can-
cer specimens and cancer cell lines, and the 
high degree of methylation of the miR-26b  
CpG islands was found in 5-FU-resistant cell. 
Moreover, we confirmed that miR-26b inhibited 
Pgp expression by directly targeting its 3’-UTR 
and activated the intrinsic apoptosis pathway 
through up-regulating cleavage of caspase-9 
and caspase-3. These changes increased the 
sensitivity of colorectal cancer cells to 5-FU 
and inhibited cell proliferation in vivo and in 
vitro. These findings suggest that the resis-
tance to 5-FU in colorectal cells is mediated at 
least in part via a miR-26b/Pgp apoptosis cas-
cade, and provide new insights into the molecu-
lar mechanism of colorectal development and 
chemotherapy resistance as well as new strat-
egy for colorectal diagnostics and treatment in 
the future. 

Materials and methods

Tissue samples

A collection of 52 colon tissues were analyz- 
ed in the research, which included 16 human 
adjacent normal tissues and 36 colon tumor 
samples, were from Changshu No. 2 People’s 
Hospital. All tumor samples were collected 
immediately after the surgical removal and 
stored in liquid nitrogen. The experimental pro-
cedures were approved by the Institutional 
Review Board of Changshu No. 2 People’s 
Hospital.

Cell lines 

Human colon cancer cell lines HT-29 and LOVO 
and the human normal colorectal epithelial cell 
(FHC) were purchased from ATCC and cultur- 
ed in Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with 100 U/ml of peni-
cillin, 100 ug/ml of streptomycin and 10% fetal 
bovine serum. The cells were cultured at 37°C 
in an incubator with 5% CO2. HT-29 and LOVO 
cells were cultured after 22-26 passages in 
complete DMEM medium supplemented with 
2.5 ug/ml of 5-fluorouracid (5-FU) (Sigma), 
replacing the drug each day. The cells became 
more resistant to this drug. These cells, which 
are named HT-29/5-FU and LOVO/5-FU cells, 

were subsequently cultured in complete DMEM 
medium containing 1.25 ug/ml of 5-FU.

Reagents

Lipofectamine 3000 Reagent (Invitrogen) was 
used for transfected cells, which was follow- 
ed the manufacturer’s instructions. MiR-26b 
mimics and miR-NC were bought from ribobio. 
Pgp plasmid was bought from Addgene. Pri- 
mary antibodies against Pgp and GAPDH were 
purchased from Cell Signaling Technology. Pri- 
mary antibodies against Caspase-3, Caspase- 
9 and Cleaved-PARP were obtained from BD 
Biosciences, and Santa Cruz, respectively. 
5-Aza-2’-deoxycytidine (5-Aza-dC) was purch- 
ased from Sigma. Cell lines were treated with 5 
μM of 5-Aza-dC for 120 h.

Western blotting

Cells were lysed in RIPA lysis included protease 
inhibitors (Thermo scientific) and collected 
supernatant. The total proteins were separated 
by 10% gradients SDS-PAGE gels. Proteins 
were transferred to a polyvinylidene fluoride 
membrane and blocked with 5% non-fat milk 
before incubation with primary antibodies at 
4°C overnight. Proteins were incubated with 
horseradish peroxidase-conjugated secondary 
antibodies for two hours, and detected utilizing 
horseradish peroxidase substrate.

RNA extraction and RT-qPCR analysis

The cells collected and lysed in Trizol (Invi- 
trogen). The supernatant were transferred in 
RNA-free tube, added in 200 ul Trichlorome- 
thane. The mixture was centrifuged at 12000 g 
speeds for 30 minutes. Isopropanol in equal 
volume was added to the supernatant to pre-
cipitate RNA, centrifuged at 12000 g speeds 
for 30 minutes. The precipitation was washed 
twice by 75% ethanol and dissolved in free-
RNase water. RT-qPCR assays were performed 
to test the expression levels of miR-26b accord-
ing to the manufacturer’s instructions (TaKaRa) 
using an ABI Prism 7900HT instrument. The 
miR-26b values were normalized to U6. The 
2-ΔΔCt method was used as relative quantifica-
tion measure of differential expression.

Plasmids and luciferase assay

For the miR-26b-target analysis, two fragments 
of Pgp-WT or Pgp-Mut were cloned in the down-
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stream of the luciferase gene in pMIR-reporter 
plasmid according to protocol. HT-29 cells were 
seeded into 24-well plate reached to 1×105 

cells/ml each well and were transfected by 
Lipofectamine 3000 (Invitrogen) with 0.3 ug of 
luciferase reporter plasmid, and 0.2 ug of pre-
miR-26b or control precursor. After transfection 
for 6 hours, medium were replaced with new 
DMEM. Luciferase activities were measured 48 
h after transfection.

Cell viability assay and apoptosis

HT-29 and LOVO cells were transfected with 
anti-miR-NC or anti-miR-26b. HT-29/5-FU and 
LOVO/5-FU cells were transfected with miR-NC 
or miR-26b. Then, cells were plated in 96-well 

plate at concentration of 5,000 cells/well.  
The Cells were incubated in the presence of dif-
ferent concentrations of 5-FU. After 48 h, the 
cells viability was assayed by the CCK-8 (Cell 
Counting Kit-8) assay (Dojindo Molecular Te- 
chnologies, Kumamoto, Japan) according to the 
manufacturer’s protocol. The study was repeat-
ed 3 times. HT-29/5-FU and LOVO/5-FU cells 
transfected with miR-NC or miR-26b were cul-
tured for 48 h. The cells were analyzed using a 
FACSCanto-II flow cytometer (BD Biosciences). 

Methylation-specific PCR

The genomic DNA was isolated and modified by 
the CpGenome DNA kit (Chemicon Internation- 
al Inc. Temecula, CA) according to the manufac-

Figure 1. miR-26b is down-regulated in CRC and 5-FU resistance cells. A. The expression levels of miR-26b in normal 
(n = 16) and CRC tissues (n = 36) were analyzed by qRT-PCR and normalized to U6 expression levels. Data were 
presented as the means ± SD from three independent experiments with triple replicates per experiment. **P<0.01 
indicates significant difference. B. The expression levels of miR-26b in GEO dataset GSE35843 with 23 normal tis-
sues and 55 CRC tumors. **P<0.01. C. The expression of miR-26b in colorectal cancer cell lines (HT-29 and LOVO) 
compared with normal colorectal epithelial cells (FHC). *P<0.05. D. The expression levels of CRC 5-FU sensitive 
cells (HT-29 and LOVO) and resistant cells (HT-29/5-FU and LOVO/5-FU) miR-26b were analyzed by qRT-PCR and 
normalized to the values of sensitive cells. U6 levels were used as an internal control. **P<0.01.
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turer’s protocol. The bisulfite-treated DNA was 
stored at -80°C until use. Methylation-specific 
PCR (MSP) for miR-26b promoter methylation 
was performed in a two-step approach as pr- 
eviously reported. For each PCR, methylated 
and unmethylated DNA was included as posi-
tive and negative controls, and water was used 
as a control for the PCR reaction. PCR products 
were separated on 3% agarose gels.

Construction of stable cell lines

The miRNA lentivirus of overexpressed miR-NC 
or miR-26b were purchased from Shanghai 
Genechem Co., LTD. HT-29/5-FU cells were cul-
tured in 6-cm dish. When cells density reached 
40%, 5 μl lentivirus and 3 μl polybrene (lentivi-
rus was diluted to 1×108 TU/ml and polybrene 
was diluted to 50 μg/ml using ehhanced infec-
tion solution) were added to culture media that 
were replaced for every 24 hours. After three 

times infection, the cells were selected by add-
ing puromycin (8 μg/ml) in medium.

Tumorigenesis in nude mice

4 weeks of age BALB/c-nude male mice were 
bought at the Shanghai Experimental Animal 
Center and were randomly divided into miR-NC, 
miR-26b, miR-NC + 5-FU and miR-26b + 5-FU 
groups. 1×106 cells in 1:1 PBS/Matrigel were 
planted subcutaneously into the nude mice. 
After 8 days, tumors were measured per two 
days. On the eighteenth day, tumors were har-
vested and weighed.

Statistical analysis

All the results were analyzed by the SPSS 11 
statistical software, with P<0.05 considered 
statistically significant. Quantitative variables 

Figure 2. miR-26b suppresses the drug resistance of 5-FU in CRC. A, B. The CRC cells (HT-29 and LOVO) were 
transfected with anti-miR-26b or negative control (anti-miR-NC), and then were treated with different concentra-
tions of 5-FU. After 48 h, the cell viabilities were analyzed by CCK-8. Data were presented as the means ± SD from 
three independent experiments with triple replicates per experiment. **P<0.01. C, D. The HT-29 and LOVO were 
transfected with anti-miR-26b or anti-miR-NC, then were treated with 5 μM 5-FU. After 48 h, the apoptosis cells 
were analyzed by flow cytometry (FCM). **P<0.01. E, F. The CRC resistance cells (HT-29/5-FU and LOVO/5-FU) were 
transfected with miR-26b mimics or negative control (miR-NC), and then were treated with different concentrations 
of 5-FU. After 48 h, the cell viabilities were analyzed by CCK-8. Data were presented as the means ± SD from three 
independent experiments with triple replicates per experiment. **P<0.01. G, H. The HT-29/5-FU and LOVO/5-FU 
were transfected with miR-26b mimics or miR-NC, then were treated with 5 μM 5-FU. After 48 h, the apoptosis cells 
were analyzed by flow cytometry (FCM). **P<0.01.
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were analyzed using Student’s t-test between 
two groups or one-way analysis among multiple 
groups. The correlations were analyzed using 
Spearman’s rank test.

Results

MiR-26b is down-regulated in CRC and 5-FU 
resistant cells

Drug resistance is a major challenge in the che-
motherapy of CRC. More than half of CRC 
patients develop chemo-resistance with the 
mechanisms unknown [16, 17]. Firstly, we 
found that the expression levels of miR-26b 
were down-regulated not only in our own CRC 
tissues but also in GEO dataset GSE35843 
(Figure 1A and 1B). Meanwhile, we found that 

ed the chemo-resistance of CRC cells (Figure 
2A and 2B). Besides, apoptosis assays also 
showed that lower expression of miR-26b 
decreased the apoptosis rate of CRC cells with 
the treatment of 5-FU (Figure 2C and 2D). Next, 
we overexpressed miR-26b in CRC 5-FU resis-
tant cells (HT-29/5-FU and LOVO/5-FU), and 
then tested the drug sensitivities by CCK-8 
assay. The results indicated that enforced miR-
26b reversed the chemo-resistance of CRC 
cells (Figure 2E and 2F). As expected, apopto-
sis assays showed that high expression of  
miR-26b increased the apoptosis rate of CRC 
resistant cells with the treatment of 5-FU 
(Figure 2G and 2H). These data highlighted the 
significant functions of miR-26b in increasing 
the sensitivity of CRC to 5-FU and overcoming 
drug resistance.

Figure 3. miR-26b directly targets Pgp. A. The target and the binding sites 
of miR-26b were analyzed by TargetScan. The wide type (WT) and muta-
tion (mut) luciferase reporter vectors were conducted as the schema graph 
showed. B. Luciferase reporter assay was used on HT-29 to detect the rela-
tive luciferase activities of WT and mut reporters. **P<0.01. C. Upper: the 
LOVO and HT-29 were transfected with anti-miR-NC, anti-miR-26b and anti-
miR-26b + si-Pgp respectively and were subjected to western blotting and 
detected for Pgp expression levels. Lower: the LOVO/5-FU and HT-29/5-FU 
were transfected with miR-NC, miR-26b mimics and miR-26b mimics + Pgp 
respectively and were subjected to western blotting and detected for Pgp 
expression levels. D. The expression levels of Pgp in GEO dataset GSE35843. 
**P<0.01. E. According to the GEO dataset GSE35843, the spearman’s cor-
relation test was employed to analyze the correlation between the expres-
sion levels of Pgp and miR-26b.

the expression levels of miR-
26b in colorectal cancer cells 
were significantly lower com-
pared with levels in norm- 
al colorectal epithelial cells 
(FHC) (Figure 1C). Together, 
our results proved that miR-
26b was down-regulated in 
colorectal cancer specimens 
and cancer cell lines. Fur- 
thermore, we analyzed the 
miR-26b expression levels in 
CRC 5-FU resistant cells, and 
the results showed that the 
expression levels of miR-26b 
were significantly down-regu-
lated in 5-FU resistant cells 
compared to sensitive cells 
(Figure 1D). These data indi-
cated the important roles of 
miR-26b in CRC as well as in 
CRC chemo-resistance.

MiR-26b suppresses the drug 
resistance of 5-FU in CRC

Little is known about the 
effects of miR-26b in CRC ch- 
emo-resistance. To evaluate 
the functions of miR-26b in 
CRC chemotherapy sensitivi-
ty, we down-regulated miR-
26b in HT-29 and LOVO cells, 
and then tested the drug  
sensitivities by CCK-8 assay. 
The results indicated that 
miR-26b knockdown enhanc- 
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MiR-26b directly targets Pgp

To discover the mechanism of miR-26b in sen-
sitizing CRC resistant cells to 5-FU, we employ- 
ed the TargetScan program (http://www.tar-
getscan.org/vert_72/) to find out the targets  
of miR-26b and Pgp caught our attention 
(Figure 3A). Next, we performed the luciferase 
reporter assay to ensure the binding effects of 
miR-26b in the 3’UTR of Pgp, and the data  
suggested that miR-26b could suppress the 
luciferase activities of the reporter through 
binding to the predicted site (Figure 3B). Down-
regulation of miR-26b in CRC cells could 
increase Pgp protein levels. And, the increased 
level of Pgp due to miR-26b knockdown was 
reversed by down-regulation of Pgp (Figure 3C, 
upper). Furthermore, the overexpression of 
miR-26b inhibited the expression levels of Pgp 
in drug resistant CRC cells (Figure 3C, lower). 
Consistently, Pgp expression levels were higher 
in CRC tissues compared to normal tissues. 
Meanwhile, there were significant correlation 

between miR-26b and Pgp expression levels 
(Figure 3D and 3E). The data above demon-
strated that miR-26b repressed the drug resis-
tance of CRC via targeting Pgp.

Over-expression of Pgp reverses the suppres-
sion of miR-26b in drug resistance

To identify the roles of Pgp in miR-26b-re-
pressed CRC drug resistance progress, we 
reversed the expression of Pgp in miR-26b 
overexpressing cells to analyze the sensitivi- 
ties of HT-29/5-FU and LOVO/5-FU to 5-FU. The 
results suggested that compensation of Pgp 
reversed the suppression of miR-26b in ch- 
emo-resistance (Figure 4A and 4B). Besides, 
overexpression of Pgp also reduced the apop-
tosis rates of the resistant cells caused by  
miR-26b with the treatment of 5-FU (Figure 4C 
and 4D). Furthermore, the western blotting 
assay showed that overexpression of miR-26b 
increased the expression levels of apoptosis 
related proteins while Pgp could reverse it 

Figure 4. Overexpression of Pgp reverses the suppression of miR-26b in drug resistance. A, B. The HT-29/5-FU and 
LOVO/5-FU were co-transfected with miR-NC mimics or miR-26b or Pgp, and then were treated with different con-
centrations of 5-FU. After 48 h, the cell viabilities were analyzed by CCK-8. C, D. Cells were transfected as above, 
then were treated with 5 μM 5-FU. After 48 h, the apoptosis cells were analyzed by FCM. E. Cells were transfected 
as above, and were subjected to western blotting and detected for Pgp, Cleaved-PARP, Cleaved-Caspae-3, Cleaved-
Caspase-9 and GAPDH expression levels after 48 h. **, P<0.01 indicates significant difference of miR-26b group 
compared to miR-NC group; ##, P<0.01 indicates significant difference of miR-26b + Pgp group compared to miR-
26b group; $, P<0.05 indicates significant difference of miR-NC + Pgp group compared to miR-NC group.
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(Figure 4E). These results showed that overex-
pression of Pgp could block the suppression of 
miR-26b in drug resistance, which suggested 
that the effects of miR-26b in CRC drug resis-
tance depended on Pgp.

The attenuations of miR-26b in drug resis-
tance cells are induced by methylation in the 
promoter region

Methylation is an important regulatory mecha-
nism of gene expression, including miRNAs  
[18, 19]. We argued that whether the down-
regulations of miR-26b in 5-FU resistant cells 
were caused by hyper-methylation in miR-26b 
promoter region. Depended on which, we ana-
lyzed the methylation rate of miR-26b promot- 
er in 5-FU resistant cells and sensitive cells by 
MSP, and the data indicated that there were 
more methylation modification in 5-FU resis-
tant cells’ promoters (Figure 5A and 5B). Fur- 
thermore, the expression levels of miR-26b 
were upregulated with the inhibitor of methyla-
tion in 5-FU resistant cells, which suggested 
the repressed expression levels of miR-26b 
were induced by hyper-methylation (Figure 5C 
and 5D).

MiR-26b represses CRC drug resistance in vivo

To evaluate whether miR-26b could suppress 
the drug resistance of CRC in vivo, the tumor 

formation assay was employed. The miR-26b 
and miR-NC overexpressing HT-29/5-FU cells 
were subcutaneously injected into the nude 
mice and then treated with 5-FU. As expect- 
ed, 5-FU suppressed the tumor growth in both 
miR-NC and miR-26b group. Meanwhile, over-
expression of miR-26b not only inhibited the 
tumor growth but also enhanced the drug sen-
sitivity to 5-FU (Figure 6A-C). These data indi-
cated miR-26b could repress CRC drug resis-
tance in vivo.

Discussion 

Mounting evidence has demonstrated that 
miRNAs play critical roles in developing chemo-
resistance based on their functions and targets 
[20-22]. Previous reports suggested that miR-
26b played an important role in the develop-
ment and progression of various cancers, 
including CRC [23]. Previous study suggested 
miR-26b suppressed NF-κB signaling and sen-
sitized HCC cells to the doxorubicin-induced 
apoptosis by targeting TAK1 and TAB3 [24]. 
However, whether and how miR-26b might be 
involved in 5-FU chemo-resistance of CRC has 
not been studied. In this study, we focused on 
the role of miR-26b in the emergence of che-
mo-resistance and investigated the targeted 
signaling that mediates CRC escaping from 
drug toxicity. Consistent with previous studies, 
we also found a significantly reduced miR-26b 

Figure 5. The attenuations of miR-26b in drug resistance 
cells are induced by methylation in the promoter region. A, 
B. The Methylation specific PCR (MSP) was used to ana-
lyze the methylation levels of miR-26b promoter region in 
CRC 5-FU sensitive cells (LOVO and HT-29) and resistant 
cells (LOVO/5-FU and HT-29/5-FU). The relative densities 
were normalized as the ratio of the sensitive cells group. 
M means the PCR products were amplified by methyla-
tion-specific primers and U means the PCR products were 
amplified by unmethylation-specific primers. **P<0.01. 
C, D. The LOVO/5-FU and HT-29/5-FU were treated with 
5-Aza-dC for 5 days, and then the expression levels of 
miR-26b were analyzed by qRT-PCR. **P<0.01.
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expression of CRC tissues compared with nor-
mal tissues. Meanwhile, the expression level of 
miR-26b was downregulated in the CRC resis-
tant cells: Lovo/5-FU and HT-29/5-FU when 
compared with maternal cells. More important-
ly, we found that overexpression of miR-26b 
inhibited cell proliferation and induced apopto-
sis in vitro and in vivo. Western blot analysis 
showed that miR-26b overexpression elevated 
the key apoptosis-related protein levels of 
cleaved caspase-3, cleaved caspase-9 and 
cleaved PARP. Our study is first to identify the 
role of miR-26b in 5-FU chemo-resistance. 

So far, miR-26b has been reported to bind to 
various targets such as COX-2, CDC6, CHD1 
and so on [25-27]. However, the function of 
miR-26b and the association of its target gene 
with 5-FU chemo-resistance in CRC remained 
unclear. Mounting studies uncovered that one 
of the most important mechanisms being 
involved in chemo-resistance is the expression 
of Pgp, encoded by the multidrug resistance 1 

[31, 32]. RNA methylation of CpG islands in  
target gene promoters can alter gene expres-
sion, and be involved in chemo-resistance; for 
instance, methylation of miR-7 has been linked 
to the regulation of MAFG expression involved 
in Platinum Response [33]. Therefore, we spec-
ulated that methylation of miR-26b promoter 
CpG islands led to a decrease in miR-26b 
expression in CRC resistant cells; this was con-
firmed by MSP analysis. We also found that 
miR-26b expression was upregulated by 5-Aza 
treatment, suggesting that miR-26b promoter 
methylation led to down-regulation of miR-26b 
and an increase in chemo-resistance. 

In the present manuscript, we introduce the 
epigenetic regulation of miR-26b as a mecha-
nism involved in 5-FU-resistance in cancer cell 
lines directly regulating Pgp, which is overex-
pressed in resistant phenotypes. To the best of 
our knowledge, this is the first report linking the 
regulation of Pgp by miR-26b and its role in che-
motherapy response to 5-FU. Moreover, miR-

Figure 6. miR-26b represses CRC drug resistance in vivo. The HT-29/5-FU 
miR-26b- and miR-NC-overexpressing cells were conducted by lentivirus. The 
cells were dispersed in 100 μl of serum-free medium and subcutaneously 
injected into the sides of posterior flank of nude mice. A. The mice were 
daily intraperitoneal administration of 5-FU when the tumors were detected 
at day 8, and the tumors were measured every two days. **Indicates the 
significant difference of group: miR-26b compared to group: miR-NC. $$in-
dicates the significant difference of group: miR-26b + 5-FU compared to 
group: miR-NC + 5-FU. ##Indicates the significant difference of group: miR-NC 
+ 5-FU compared to group: miR-NC. B, C. The mice were sacrificed and the 
tumors weighed after 18 days, and the representative photos of tumors were 
showed (Bar = 10 mm). Data were presented as the means ± SD from four 
tumor samples. **P<0.01, $$P<0.01, ##P<0.01. 

(MDR1) gene, which acted as 
an ATP-dependent transport 
pump capable of effluxing 
cytotoxic agents [28]. In addi-
tion, Pgp also played a role in 
inhibition of drug accumula-
tion and caspase activation  
in the multidrug resistance 
tumor [29, 30]. Our study con-
firmed that miR-26b inhibit- 
ed Pgp expression by directly 
targeting the 3’-UTR. Forced 
expression of Pgp restored 
miR-26b-inhibited cell effects. 
Furthermore, Pgp was upregu-
lated in CRC tissue speci-
mens, and the increased lev-
els of Pgp protein expression 
were inversely correlated with 
the decreased miR-26b lev-
els, further confirming that 
Pgp was downregulated by 
miR-26b in clinical CRC tumor 
tissues.

The regulatory mechanism of 
miR-26b in the CRC remains 
unclear. Increasing evidence 
demonstrates that epigene- 
tics plays an important role in 
abnormal miRNA expression 
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26b methylation and Pgp arise as potential pre-
dictive biomarker for the identification of CRC 
patients that may present worst response to 
5-FU-derived treatment.
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