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	 Background:	 5-Fluorouracil (5-FU)-based chemotherapy is a conventional therapeutic approach for the treatment of patients 
with colorectal cancer (CRC). However, development of 5-FU resistance frequently occurs. We explored a po-
tential method for regulating the sensitivity to 5-FU-based chemotherapy in CRC patients.

	 Material/Methods:	 Cell viability was determined by 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2-H-tetrazolium bromide (MTT) assay. 
Gene expression levels were detected by real-time quantitative polymerase chain reaction (RT-qPCR). Protein 
expression levels were evaluated by Western blot. TargetScan was used for the prediction of binding sites for 
miRNA in mRNAs. The interaction between mRNA 3’UTR and miRNA was verified by dual luciferase reporter 
assay. Tissue samples were obtained from 33 CRC patients who received surgery at Xingtai People’s Hospital.

	 Results:	 miR-106a level was associated with 5-FU sensitivity in CRC cells. Overexpression of miR-106a reduced 5-FU sen-
sitivity of HCT116 and SW620 cells, and antagonist of miR-106a sensitized HCT116 and SW620 towards 5-FU. 
miR-106a overexpression decreased dual-specificity phosphatases 2 (DUSP2) expression at mRNA and protein 
levels in HCT116 and SW620 cells. Through downregulation of DUSP2, miR-106a elevation increased COX-2 
expression and stemness-maintenance genes (SOX2 and OCT4). Furthermore, we predicted that miR-106a di-
rectly binds to 3’UTR of DUSP2 mRNA, which was confirmed by dual luciferase assay. Silencing of DUSP2 re-
versed elevated 5-FU sensitivity induced by miR-106a antagonist in HCT116 cells. A negative correlation was 
discovered between miR-106a and DUSP2 in tumor samples of CRC patients.

	 Conclusions:	 miR-106a plays an important role in mediating response to 5-FU-based chemotherapy in CRC and could serve 
as a potential target for CRC patients.
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Background

Colorectal cancer (CRC) is the third most commonly diagnosed 
cancer type in the United States, with more than 73 000 new 
cases reported and at least 26 000 patients dying of it annu-
ally [1]. 5-Fluorouracil (5-FU) is a widely used chemotherapy 
agent for clinical treatment of various cancers [2]. 5-FU, alone 
or in combination with other drugs, greatly improved the clin-
ical outcomes of CRC patients [3]. However, the therapeutic 
efficacy of 5-FU is challenged by different responses from in-
dividuals towards drug treatment and the acquired drug re-
sistance [4]. Several biomarkers have been discovered to pre-
dict responses to 5-FU-based chemotherapy in CRC, although 
their clinical application remains controversial [5,6]. Thus, it is 
of great importance to explore new molecular mechanisms in 
driving 5-FU sensitivity of CRC to fulfill unmet clinical needs.

Disruption of normal microRNAs (miRNAs) expression is fre-
quently observed during cancer initiation and development [7]. 
miRNAs are small, non-coding, single-stranded RNA sequenc-
es that can post-transcriptionally regulate expression of their 
target genes through directly binding to complementary 3’UTR 
sequences [8]. miRNAs function as tumor suppressors or an 
oncogenes, depending on the setting [9]. Overexpression of 
oncogene miRNAs and decrease of tumor suppressor miRNAs 
expression alter cell signaling and promote cancer progres-
sion [10]. Several studies showed that expression of some 
specific miRNAs is associated with response to chemothera-
py agents in CRC and may serve as predictors for CRC patients 
receiving chemotherapy [11–13].

Tumor-initiating cells account for a small proportion of tumor-
forming cancer cells within a tumor [14]. With strong self-re-
newal ability, tumor-initiating cells confer chemotherapy re-
sistance and lead to poor prognosis for cancer patients [15]. 
In CRC, metastasis during 5-FU treatment and resistance to 
5-FU resulted from YAP-induced stemness in cancer cells [16]. 
Dual-specificity phosphatases (DUSPs) are negative regula-
tors of MAPKs [17]. DUSP family members can be divided 
into 3 groups according to their distribution in cells. DUSP2 is 
a member of class I DUSP and is located in the nucleus [18]. 
DUSP2 expression is significantly reduced in many human can-
cers and its level is inversely correlated with cancer malignan-
cy [19]. Downregulation of DUSP2 induces cancer stemness 
and increased chemoresistance/lapatinib resistance in can-
cer cells [20,21].

However, little is known about the regulation of DUSP2 by 
miRNAs and their involvement in 5-FU sensitivity.

Material and Methods

Patients

We analyzed the gene expression levels of DUSP2 and miR-106a 
in tumor tissues and the adjacent normal tissues from 33 
CRC patients. Participants were enrolled at Xingtai People’s 
Hospital from June 2015 to May 2016. Written informed con-
sent was obtained from each patient. The experiments were 
carried out under the supervision of the Ethics Committee of 
Xingtai People’s Hospital.

Cell culture

We obtained the 293 cell line and human CRC HCT116/SW620 
cell lines from ATCC (American Type Culture Collection) and 
used them within 6 months. Cells were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM) with 10% fetal bovine serum 
(FBS) in an incubator at the temperature of 37°C with 5% CO2.

Treatment of 5-FU

For the treatment of 5-FU, different concentrations of 5-FU (0.5, 
1, 2.5, and 5 μg/ml) or 5-FU (2.5, 5, 10, and 20 μg/ml) were 
added to the DMEM and incubated for 48 h. The former series 
of different concentrations of 5-FU (0.5, 1, 2.5, and 5 μg/ml) 
was used for the detection of cell viability in HCT116 cell lines 
and SW620 cell lines after the treatment of miR-NC antagonist 
or miR-106a antagonist, while the later series of different con-
centrations of 5-FU (2.5, 5, 10, and 20 μg/ml) was applied for 
the detection of cell viability in HCT116 cell lines and SW620 
cell lines after the treatment of miR-NC mimics or miR-106a 
mimics. Cells were then used for the subsequent experiments.

MTT assay

Cell viabilities of HCT116 and SW620 cell lines were determined 
by MTT assay. In brief, HCT116 or SW620 cells were cultured 
in 96-well plates and treated with the indicated agent for the 
indicated time. After that, cells were stained by MTT for 2 h. 
Absorbance at 570 nm was read on a microplate reader after 
dissolving the purple precipitates with MTT detergent reagent.

RT-qPCR

Total RNA from cells and tissues was extracted by TRIzol 
(Invitrogen) according to the manufacturer’s instructions, then 
reverse-transcribed into cDNA using the PrimeScript™ RT re-
agent Kit. RT-qPCR was performed on a CFX96 device using 
SYBR® Premix Ex Taq™ II.

For determination of miRNA expression level, reverse tran-
scription was performed using the miScript II RT kit. miR-106a 
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expression levels in different groups were detected with an 
miScript SYBR Green PCR kit according to the manufacturer’s 
instructions.

U6 was used as an endogenous reference gene for miR-106a 
and GAPDH was used as an endogenous reference gene for 
DUSP2.

Western blot

Proteins were extracted from cells with RIPA lysis buffer 
(Beyotime Institute of Biotechnology, Jiangsu, China) and quan-
tified by bicinchoninic acid method (BCA, Beyotime Institute 
of Biotechnology, Jiangsu, China). Equal amounts of samples 
(15 μg) were loaded into each lane on a sodium dodecyl sulfo-
nate (SDS) gel (8–10%), and then transferred onto a polyvinyl-
idene fluoride (PVDF) membrane. After blocking in 5% non-fat 
milk for 1 h at room temperature, the membranes were incu-
bated in primary antibodies overnight at 4°C followed by incu-
bation with secondary antibodies at room temperature for 1 h. 
Subsequently, the bands were developed by ECL Western blotting 
substrate and images were captured by ImageQuant LAS 4000.

Cell transfection

miR-NC mimics or miR-106a mimics (40 nM, Genepharma, 
Shanghai, China) was transfected by Lipofectamine 2000 
(Invitrogen) according to the manufacturer’s instructions. Briefly, 
miR-NC mimics or miR-106a mimics and Lipofectamine 2000 
were mixed in Opti-MEM medium and incubated for 20 mins at 
37°C, then the cells were added to the mixture and cultured for 
24 h. Transfected cells were used for subsequent experiments.

Dual luciferase reporter assay

DUSP2 3’UTR was amplified from cDNA of 293 and then ligat-
ed into pGL3. pGL3- DUSP2-3’UTR Mut was obtained using a 
site-directed mutagenesis kit.

The dual luciferase reporter assay was conducted as follows: 
293 cells were first plated in 24-well plates for 24 h, then co-
transfected with pGL3-DUSP2-WT or pGL3-DUSP2-3’UTR Mut 
and miR-NC mimics or miR-106a mimics and pRL, and the mix-
ture was incubated at 37°C for 48 h; the assay was performed 
with the Dual Luciferase Assay System.
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Figure 1. �miR-106a decreases the sensitivity of CRC cells towards 5-FU. In HCT116 cells, compared with cells transfection with miR-NC 
mimics, miR-106 mimics significantly elevated miR-106a level (A) and reduced sensitivity of cells upon 5-FU treatment (B). 
In SW620 cells, miR-106 mimics showed similar results (C, D). *, **, *** p<0.05 and p<0.01, p<0.0001, respectively.
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Statistical analysis

Data were analyzed by GraphPad Prism 6. Results are expressed 
as mean ±SD. Comparisons between different groups were con-
ducted using the t test. Comparisons among more than 3 groups 
were conducted using one-way ANOVA followed by Newman-
Keuls test. p<0.05 was considered as a significant difference.

Results

Overexpression of miR-106a decreases the sensitivity of 
CRC cells towards 5-FU

To determine the effect of miR-106a on the sensitivity of CRC 
cells towards 5-FU, we increased the expression of miR-106a in 
HCT116 cells by transfection of miR-106a mimics. Transfection 
of miR-106 mimics significantly elevated miR-106a levels in 
HCT116 cells (Figure 1A). In addition, compared with cells trans-
fected with miR-NC mimics, transfection of miR-106a mimics 
reduced sensitivity of cells upon 5-FU treatment (2.5, 5, 10, 

and 20 μg/ml) (Figure 1B). Similarly, in another CRC cell line, 
SW620, transfection of miR-106 mimics significantly elevated 
miR-106a level (Figure 1C) and overexpression of miR-106a 
also led to an obvious reduction of sensitivity towards 5-FU 
treatment (2.5, 5, 10, and 20 μg/ml) (Figure 1D).

Decrease of miR-106a expression sensitized CRC cells 
towards 5-FU

To further confirm the effect of miR-106a expression on 5-FU 
sensitivity in CRC cells, we assessed the cell viability with in-
creasing concentrations of 5-FU (0.5, 1, 2.5, and 5 μg/ml) af-
ter antagonizing of miR-106a. Transfection of miR-106a antag-
onist significantly decreased miR-106a level in HCT116 cells 
(Figure 2A). As we expected, miR-106a downregulation en-
hanced 5-FU-induced cell viability inhibition in HCT116 cells 
(Figure 2B). Consistent with our observation in HCT116 cells, 
antagonizing of miR-106a also significantly decreased the miR-
106a level (Figure 2C) and sensitized CRC cells towards 5-FU 
treatment in SW620 (Figure 2D).
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Figure 2. �Decreased miR-106a expression sensitized CRC cells towards 5-FU. In HCT116 cells, miR-106a antagonist significantly 
decreased miR-106a level (A) and enhanced 5-FU-induced cell viability inhibition (B). Consistent with our observation 
in HCT116 cells, antagonizing of miR-106a also showed similar results in SW620 (C, D). **, *** p<0.01 and p<0.0001, 
respectively.
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The above results indicate that miR-106a expression is asso-
ciated with 5-FU sensitivity in CRC cells.

miR-106a promoted stemness of CRC cells via regulation 
of DUSP2

DUSP2 was recently discovered to drive stemness of CRC cells 
and played a pivotal role in chemotherapy resistance [21]. We 
observed that overexpression of miR-106a significantly de-
creased DUSP2 mRNA and protein expression levels in HCT116 
cells (Figure 3A, 3B).

DUSP2 inversely controlled the expression of COX2 to modu-
late stemness of cancer cells [21]. Compared with cells trans-
fected with miR-NC mimics, transfection of miR-106a mimics 
elevated expression of COX-2 and key regulators of stemness, 
SOX2 and OCT4 (Figure 3C).

Similarly, in SW620 cells, enhanced expression of miR-106a 
repressed DUSP2 expression and reduced COX-2, SOX2, and 
OCT4 protein levels (Figure 3D–3F).
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Figure 3. �miR-106 promoted stemness of CRC cells via regulation of DUSP2. In HCT116 cells, overexpression of miR-106a significantly 
decreased DUSP2 mRNA and protein expression levels (A, B) and elevated expression of COX-2, SOX2, and OCT4 (C). 
Similarly, in SW620 cells, enhanced expression of miR-106a repressed DUSP2 expression and induced COX-2, SOX2, and 
OCT4 protein levels (D–F). *** p<0.0001.
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Figure 4. �DUSP2 was targeted by miR-106a. Using the 
TargetScan online tool, we predicted that there was 
a binding site for miR-106a in 3’UTR of DUSP2 mRNA 
(A). Dual luciferase reporter assay showed that 
transfection of miR-106a mimics decreased relative 
luciferase activity of the 293 cell line cells transfected 
with DUSP2 3’UTR-WT but not DUSP2 3’UTR-Mut (B). 
*** p<0.0001.
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These results demonstrate that miR-106a expression is as-
sociated with stemness in CRC cells via regulation of DUSP2.

DUSP2 is a direct target of miR-106a

We next assessed whether DUSP2 is directly regulated by 
miR-106a. Using the TargetScan online tool, we predicted that 
there was a binding site for miR-106a in 3’UTR of DUSP2 mRNA 
(Figure 4A). Dual luciferase reporter assay showed that trans-
fection of miR-106a mimics decreased relative luciferase ac-
tivity of 293 cells transfected with DUSP2 3’UTR-WT but did 
not change the luciferase activity of 293 cells transfected with 
DUSP2 3’UTR-Mut (Figure 4B).

These data suggest that miR-106a directly binds to 3’UTR of 
DUSP2 mRNA to negatively regulate its expression.

Silencing of DUSP2 abrogated miR-106 antagonist-induced 
high sensitivity towards 5-FU in CRC cells

To investigate whether regulation of 5-FU sensitivity by 
miR-106a depended on DUSP2, we assessed the cell viability 

upon 5-FU in CRC cells with DUSP2 silencing alone or in com-
bination with miR-106 antagonizing. As showed in Figure 5A 
and B, transfection of DUPS2 siRNA or miR-106 antagonist de-
creased or increased DUSP2 mRNA and protein level in HCT116, 
respectively. Transfection of miR-106 antagonist sensitized 
HCT116 cells towards 5-FU treatment, and DUSP2 silencing 
reversed this effect (Figure 5C).

These results indicate that miR-106a reduced 5-FU sensitivity 
via regulation of DUSP2 expression in CRC.

Expression of miR-106a was inversely correlated with 
DUSP2 mRNA levels in tumor tissues from CRC patients

RT-qPCR was used to detect miR-106a and DUSP2 mRNA lev-
els in tumor tissues and matched normal tissues from CRC 
patients. Consistent with many previous reports [22,23], re-
markable elevation of miR-106a levels was observed in tu-
mor tissues compared with their counterparts (Figure 6A). 
There was no significant difference in DUSP2 mRNA levels be-
tween tumor tissues and matched normal tissues (Figure 6B). 
Interestingly, analysis of DUSP2 and miR-106a levels suggests 
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Figure 5. �Silencing of DUSP2 abrogated miR-106 antagonist-induced high sensitivity towards 5-FU in CRC cells. DUPS2 siRNA or 
miR-106 antagonist decreased or increased DUSP2 mRNA and protein level in HCT116, respectively (A, B). 
miR-106 antagonist sensitized HCT116 cells towards 5-FU and DUSP2 silencing reversed this effect (C). *** p<0.0001.
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that their expression was inversely associated with each oth-
er (Figure 6C).

Thus, the results from samples of CRC tumors further proved 
our finding of a regulatory relationship between miR-106a 
and DUSP2.

Discussion

Resistance to chemotherapy drugs frequently occurs in clin-
ical treatment of CRC patients. Although there were several 
papers describing the different expression patterns between 
tumor cells from drug-sensitive patients and drug-resistant 
patients, the underlying molecular mechanism driving che-
moresistance has remained unclear. Here, we demonstrated 
that miR-106a desensitized CRC cells towards 5-FU treatment. 
Mechanistically, miR-106a negatively regulates DUSP2 expres-
sion and thus enhances cell stemness.

A previous study indicated that miR-106a functions as a tu-
mor suppressor or an oncogene in different cancer types, de-
pending on cellular context [24]. In CRC, miR-106a was highly 
expressed in metastatic CRC cells, and promoted cell migra-
tion via repression of TGFBR2 [25]. In renal carcinoma cells, 
miR-106a inhibited IRS2 expression to induce cell growth ar-
rest [26]. In particular, dysregulation of miR-106a was associat-
ed with the chemoresistance in ovarian cancer, gastric cancer, 
and hepatocellular carcinoma via regulation of target genes in 
selected cell types [27–29]. miR-106a was one of the most sig-
nificantly differentially expressed miRNAs after detection and 
analysis of 742 miRNAs expression in plasma samples of CRC 
patients from both responders and non-responders towards 
5-FU-based chemotherapy [30]. Overexpression of miR-106a 

reduced sensitivity of CRC cells towards 5-FU treatment, while 
antagonizing of miR-106a sensitized CRC cells towards 5-FU 
exposure. These data confirm that miR-106a negatively regu-
lates 5-FU sensitivity of CRC cells.

DUSP2 inhibited CRC cell stemness and its downregulation 
was closely linked to chemoresistance [19,21]. Several reports 
showed that downregulation of DUSP2 in cancer cells was me-
diated by HIF-1a-induced transcriptional repression [31]. The 
role of miRNAs in regulation of DUSP2 in cancer was not stud-
ied before. We found that overexpression of miR-106a led to 
a decrease of DUSP2 at both mRNA and protein levels in CRC 
cells. A negative correlation of miR-106a levels and DUSP2 
levels was observed in tumor tissues from CRC patients. Dual 
luciferase assay showed that DUSP2 was a direct target of 
miR-106a. In addition, elevation of miR-106a increased the 
expression of SOX2 and OCT4, which are 2 key regulators of 
cell stemness. More importantly, silencing of DUSP2 abolished 
miR-106a antagonist-induced hypersensitivity of CRC cells to-
wards 5-FU treatment. Collectively, these data show that miR-
106a directly represses DUSP2 expression and thus reduce 
5-FU sensitivity of CRC cells.

Conclusions

In conclusion, we have identified miR-106a as a key regulator 
of 5-FU sensitivity in CRC cells. miR-106a can negatively reg-
ulate DUSP2 expression and enhance cell stemness. Our work 
indicates that miR-106a might be a promising therapeutic tar-
get for chemotherapy of CRC patients.

Interestingly, there were interactions between long non-cod-
ing RNAs (lncRNA) and miRNAs [32]. Moreover, the effects of 

Figure 6. �miR-106a level was inversely correlated with DUSP2 level in CRC tumor tissues. Remarkable elevation of miR-106a levels was 
observed in tumor tissues compared with their counterparts (A). There was no significant difference in DUSP2 mRNA levels 
between tumor tissues and normal tissues (B). DUSP2 and miR-106a level were inversely associated with each other (C). 
*** p<0.0001. n.s. , no significant difference.
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lncRNAs in cancer have been studied recently. For instance, 
Tan et al. reported that upregulated expression of SPRY4-IT1 
predicts poor prognosis in CRC [33]. Therefore, we will perform 
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