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Background: Interactions between non-coding RNAs and mRNAs have been shown to play 
key roles in colorectal cancer (CRC) resistance to chemotherapeutic drugs, but the regulatory 
network of these ncRNA/mRNA interactions in the context of CRC cell resistance to 
oxaliplatin has yet to be fully defined.
Methods: MCF2L-AS1, miR-105, and IL-1β expression levels were measured in cells and 
serum samples via qPCR, while ELISAs were additionally used to quantify IL-1β levels in 
these samples. Interactions between MCF2L-AS1, miR-105, and IL-1β were detected 
through pull-down, RNA immunoprecipitation, and luciferase reporter assays. Cellular 
viability and OXA IC50 values were established through MTT assays, while in vivo OXA 
resistance was assessed using a tumor xenograft model system.
Results: MCF2L-AS1 levels were significantly elevated in CRC patients that did not 
respond to chemotherapy and in CRC/OXA cells relative to responders and chemosensitive 
CRC cells. From a mechanistic perspective, miR-105 was identified as a MCF2L-AS1 target, 
with this miRNA, in turn, suppressing the expression of IL-1β. Knocking down MCF2L-AS1 
or overexpressing miR-105 was sufficient to alleviate CRC/OXA cell chemoresistance, while 
overexpressing IL-1β reversed this effect.
Conclusion: The MCF2L-AS1/miR-105/IL-1β regulatory axis regulates the resistance of 
CRC cells to OXA treatment.
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Background
Colorectal cancer (CRC) is among the most prevalent and deadly cancers in the world, 
and affected patients often have poor outcomes.1,2 Oxaliplatin (OXA)-based che-
motherapy following tumor resection is the primary approach to treating this cancer 
type.3 The administration of OXA in combination with 5-fluorouracil (5-FU) and 
leucovorin (FOLFOX) is associated with >50% response rates in CRC patients, who 
exhibit a median survival of roughly two years.4 However, many of these patients 
develop chemoresistance, which represents a major barrier to therapeutic efficacy.5 

Clarifying the mechanistic basis for such chemoresistance thus has the potential to 
highlight new means of reliably treating patients with this deadly cancer type.

Long non-coding RNAs (lncRNAs) have been reported to regulate the progression 
of diverse forms of cancer, including non-small cell lung cancer (NSCLC), gastric 
cancer, breast cancer, and CRC.6–9 These lncRNAs can regulate chemoresistance and 
disease progression in the context of CRC.10–12 For example, the downregulation of 
LINC00958 can impair the proliferative, migratory, and invasive properties of CRC 
cells, instead inducing their apoptotic death through a mechanism associated with the 
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ability of this lncRNA to target miR-3619-5p.13 By seques-
tering miR-145 and thus indirectly controlling ABCC1 
expression, the lncRNA CACS15 can facilitate OXA che-
moresistance in CRC cells.14 This interaction whereby 
lncRNAs serve as competing endogenous RNAs (ceRNAs) 
which sequester miRNAs in a sequence-specific fashion is 
thought to influence diverse cancer types,15–18 influencing 
oncogenesis, chemoresistance, tumor cell survival, and pro-
gression in the context of CRC. The BLACAT1/miR-519d- 
3p/CREB1 regulatory axis, for example, can control CRC 
cell migratory, invasive, proliferative, chemoresistant, and 
survival properties.19

In one recent report, the lncRNA MCF2L-AS1 was 
shown to be related to CRC progression,6 yet its influence 
on the chemoresistance properties of these same tumor 
cells has yet to be assessed. Herein, we found that CRC 
patients that were unresponsive to OXA-based chemother-
apy exhibited MCF2L-AS1 upregulation, as did OXA- 
resistant CRC cells, suggesting this lncRNA to be closely 
related to chemoresistance. To explore the underlying reg-
ulatory mechanisms, we conducted bioinformatics ana-
lyses when identified miR-105 as a putative MCF2L-AS1 
target miRNA which in turn suppressed the expression of 
IL-1β. Consistent with these regulatory relationships, 
CRC/OXA tissues and cells exhibited reduced miR-105 
expression and increased expression of IL-1β, suggesting 
that MCF2L-AS1 may indirectly control IL-1β expression 
by serving as a ceRNA for miR-105, thus regulating CRC 
cell resistance to OXA.

Materials and Methods
Clinical Samples
In total, 120 samples of tumor tissues were collected from 
patients with CRC who were undergoing standard OXA- 
based chemotherapy. All patients provided written 
informed consent, and the Research Ethics Committee of 
The Second Affiliated Hospital of Wenzhou Medical 
University approved this study, which was consistent 
with the guidelines of the Declaration of Helsinki.

Cell Culture and Transfection
The HT-29 and LOVO CRC cell lines were obtained from 
the Type Culture Collection of the Chinese Academy of 
Sciences (Shanghai, China), and both the parental and 
OXA-resistant versions of these cells (HT-29/OXA and 
LOVO/OXA) were cultured in RPMI-1640 (Thermo 

Fisher Scientific, DE, USA) containing 10% FBS (Sigma- 
Aldrich, MO, USA) at 37°C in a 5% CO2 incubator.

RIBOBIO (China) was the source of all RNAi vectors 
(sh-MCF2L-AS1 and miR-105 inhibitor), overexpression 
vectors (pcDNA3.1-IL-1β and miR-105 mimic), and cor-
responding controls (sh-NC, NC inhibitor, pcDNA3.1, and 
NC mimic). Cells were transfected with these constructs 
by plating them in 6-well plates (4×105/well) for 24 h, 
after which Lipofectamine 3000 (Invitrogen, USA) was 
used based on provided directions to transfect cells with 
5 µg of an appropriate plasmid.

qPCR
For qPCR analyses, a TaqMan miRNA Reverse Transcription 
Kit (Applied Biosystems, CA, USA) or Reverse Transcription 
Reagents (Applied Biosystems) was used to prepare cDNA 
for miRNAs and for mRNAs/lncRNAs, respectively. All 
qPCR reactions were then performed with SYBR Green 
(Takara Bio Inc, Japan), using GAPDH and U6 as respective 
normalization controls for mRNAs/lncRNAs and miRNAs. 
Relative target expression was assessed via the 2−ΔΔCt 

approach. Primers used herein were as follows: MCF2L- 
AS1, forward, 5′- GATCAACGTTCAATCCACCG-3′ and 
reverse, 5′-A CGTCAAGATAGCGCAGCTTCC-3′; 
GAPDH, forward, 5′-TGTTCGTCATGGGTGTGAAC-3′ 
and reverse, 5′-ATGGCATGGACTGTGGTCAT-3′; IL-1β, 
forward, 5′-AAATACCTGTGGCCTTGGGC-3′ and reverse, 
5′-TTTGGGATCTACACTCTCCAGCT-3′; miR-105, for-
ward, 5′-TCGGCAGGTCAAATGCTCAGACTCC-3′ and 
reverse, 5′-CTCAACTGGTGTCGTGGA-3′; and U6, for-
ward, 5′-CTCGCTTCGGCAGCACA-3′ and reverse, 5′- 
AACGCTTCACGAATTTGCGT-3′.

MTT Assay
To assess cell viability, cells were added to 96-well plates 
(2×103/well) following transfection or other treatment. 
After 48 h, MTT solution was added to each well (20 
μL; 5 mg/mL; Sigma-Aldrich). After 4 h, 200 µL of 
DMSO (Sigma-Aldrich) was added per well, and absor-
bance at 490 nm was quantified.

Biotin RNA Pulldown Assay
The interactions between MCF2L-AS1 and miR-105 in 
CRC cells were assessed via biotin RNA pulldown assay. 
Briefly, biotinylated sense or antisense were combined 
with lysates of HT-29/OXA and LOVO/OXA cells for 2 
h, after which streptavidin-agarose beads (Invitrogen) was 
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used for immunoprecipitation. MCF2L-AS1 and miR-105 
expression was then assessed via qPCR.

RNA Immunoprecipitation (RIP)
A Magna RIP Kit (Millipore) was used based on provided 
directions. Briefly, anti-Ago2 (Cell Signaling Technology) 
was used to precipitate RNA, with qPCR being used for 
subsequent analyses and with data being shown as fold 
enrichment of MCF2L-AS1. Precipitated RNA Ct values 
were normalized to Ct values for the input RNA fractions.

Luciferase Reporter Assays
WT or mutant MCF2L-AS1 and IL-1β 3ʹ-UTR sequences 
containing putative miR-105 binding sites were amplified and 
cloned into the pGL3 vector to yield the WT pGL3-MCF2L- 
AS1 (MCF2L-AS1-WT) and pGL3-IL-1β (IL-1β-WT) or 
mutant pGL3-MCF2L-AS (MCF2L-AS-MUT) and pGL3- 
IL-1β (IL-1β-MUT) vectors. Next, cells were co-transfected 
with vectors and miR-105 mimics or corresponding controls. 
At 48 h post-transfection, a dual-luciferase reporter assay 
system (Promega, Shenzhen, Guangdong, China) was utilized 
based on provided directions to assess luciferase activity.

ELISAs
Levels of IL-1β were assessed in HT-29/OXA and LOVO/ 
OXA cell supernatants using a commercial ELISA kit 
(R&D systems).

Animal Experiments
BALB/c nude mice (4- to 6-week-old) were obtained from 
the SLAC Laboratory Animal Co., Ltd (Shanghai, China) 
and housed under specific pathogen-free conditions at 
28°C. The Institutional Animal Care and Use Committee 
of The Second Affiliated Hospital of Wenzhou Medical 
University approved this study, which was consistent with 
the NIH guidelines for the care and use of laboratory 

animals. Briefly, mice were subcutaneously implanted 
with 5×106 T-29/OXA and LOVO/OXA cells that had 
been transfected with si-MCF2L-AS1 or si-NC constructs 
in the right flank (n=5/group). At 6 days post-implantation, 
mice were intraperitoneally injected with OXA (2 mg/kg) 
every 7 days five times. Tumor volume was assessed every 
7 days for 28 days as follows: volume = length × width2/2.

Statistical Analysis
Data are means ± SD, and were compared between groups 
using Student’s t-tests and one-way ANOVAs. 
Associations between MCF2L-AS1 and miR-105 expres-
sion were assessed through Pearson’s correlation analyses. 
Data were prepared and analyzed with GraphPad Prism 
7.0 (GraphPad Software Inc, CA, USA), with P < 0.05 as 
the significance threshold.

Results
CRC/OXA Cells and Serum Samples 
Exhibit Increased MCF2L-AS1 Expression
Relative to their corresponding parental cell lines, OXA IC50 
values in HT-29/OXA and LOVO/OXA cells was signifi-
cantly increased (Fig. S1) and MCF2L-AS1 expression was 
significantly increased in HT-29/OXA and LOVO/OXA 
cells (Figure 1A). We then assessed relationships between 
the expression of this lncRNA and chemotherapy responses 
in CRC patients by analyzing tissue samples (Fig. S2) and 
serum samples (Figure 1B) from individuals being treated 
with OXA via qPCR after separating patients as per RECIST 
criteria into chemotherapy responders (n=56) and non- 
responders (n=64). This analysis revealed MCF2L-AS1 to 
be upregulated in non-responders relative to responders with 
CRC. Kaplan-Meier analyses also revealed the high expres-
sion of MCF2L-AS1 levels were associated with shorter 
CRC patient overall survival (Fig. S3) and non-responders 

Figure 1 The expression of MCF2L-AS1 was enhanced in CRC/OXA cells and samples of serum. MCF2L-AS1 levels were assessed in CRC/OXA cells (A) and serum (B) via 
qPCR. (C) CRC patient overall survival was assessed via the Kaplan-Meier approach. **p < 0.01.
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were associated with shorter CRC patient overall survival 
(Figure 1C).

MCF2L-AS1 Knockdown Suppresses 
CRC/OXA Cell Survival and 
Chemoresistance
To assess the importance of MCF2L-AS1 as a mediator of 
OXA resistance in CRC, we next transfected sh-MCF2L- 
AS1 into HT-29/OXA and LOVO/OXA cells to knock down 
the expression of this lncRNA (Figure 2A). We then treated 
cells that had been transfected with this shRNA or 
a corresponding control construct (sh-NC) with a range of 
OXA concentrations, revealing higher cell viability and 
OXA IC50 values in the sh-MCF2L-AS1 group as com-
pared to the sh-NC group (Figure 2B and C). These data 
indicated that knocking down MCF2L-AS1 was sufficient to 
reduce the survival and chemoresistance of CRC/OXA cells.

Knocking Down MCF2L-AS1 Suppresses 
in vivo CRC Tumor OXA Resistance
To more fully understand how MCF2L-AS1 impacts tumor 
growth, nude mice were subcutaneously implanted with 
CRC/OXA/sh- MCF2L-AS1 cells and were then treated 
with OXA. Tumor volumes were significantly lower in 
mice in the sh-MCF2L-AS1 group that were treated with 
OXA relative to mice in the sh-NC group that were treated 

with OXA (Figure 3A and B). Following OXA treatment, 
overall survival was higher for mice in the sh-MCF2L-AS1 
group (Figure 3C and D). Knocking down MCF2L-AS1 
thus impaired in vivo OXA resistance.

miR-105 Inhibition Reverses the Effects of 
MCF2L-AS1 Knockdown on Survival and 
Chemoresistance in CRC/OXA Cells
To explore whether lncRNA interacted directly with 
miRNA to regulate the expression of miRNA’s targets 
in CRC/OXA cells, the position distribution of 
MCF2L-AS1 in CRC/OXA cells was firstly examined. 
The results revealed that MCF2L-AS1 was mostly 
located in cytoplasm of CRC/OXA cells (Fig. S4). 
Potential interactions between miR-105 and MCF2L- 
AS1 were predicted using the StartBase 2.0 (http:// 
starbase.sysu.edu.cn/) tool, which identified sequence 
complementarity between these two ncRNAs 
(Figure 4A). Additionally, We observed significant 
reductions in miR-105 expression in serum samples 
(Fig. S5A) from non-responders and in CRC/OXA 
cells (Fig. S5B) relative to responders and parental 
cells, respectively. To validate this putative binding 
interaction, HEK293T cells were co-transfected with 
miR-105 mimic or control constructs (NC) and 
MCF2L-AS1-wt or MCF2L-AS1-mut reporters. This 
analysis revealed that miR-105 overexpression was 

Figure 2 Knocking down MCF2L-AS1 suppressed CRC/OXA cell survival and resistance to oxaliplatin. (A) MCF2L-AS1 levels in sh-NC and sh-MCF2L-AS1 CRC/OXA cell 
groups were assessed via qPCR. OXA IC50 values and cell survival in sh-NC and sh-MCF2L-AS1 groups treated with a range of OXA concentrations were determined via 
MTT assay for HT-29/OXA (B) and LOVO/OXA (C) cells. **p < 0.01.
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sufficient to impair MCF2L-AS1-wt, but not MCF2L- 
AS1-mut, luciferase activity (Figure 4B). In subsequent 
pulldown and RIP assays, miR-105 was further con-
firmed to bind directly to MCF2L-AS1 (Figure 4C–F). 
These data indicated that MCF2L-AS1 can target miR- 
105 in CRC. TO better understand the role of this 
MCF2L-AS1/miR-105 ais in CRC/OXA cells, miR- 
105 levels were next assessed in cells treated under 
four different conditions (sh-NC, sh-MCF2L-AS1, sh- 
MCF2L-AS1 + NC inhibitor, and sh-MCF2L-AS1 + 
miR-105 inhibitor), revealing a significant increase in 
miR-105 expression upon r sh-MCF2L-AS1 transfec-
tion that could be reversed via miR-105 inhibitor trans-
fection in these CRC/OXA cells (Figure 4G). Survival 
rates and IC50 values in these groups were then 
assessed, revealing that the inhibition of miR-105 in 
both tested cell lines reversed these effects (Figure 4H 
and I). As such, our findings identified miR-105 as an 
MCF2L-AS1 target, suggesting that this lncRNA reg-
ulates miR-105 to thereby control CRC cell activity.

miR-105 Overexpression Suppresses IL- 
1β and Thereby Impairs the Survival and 
Oxaliplatin Resistance of CRC/OXA Cells
Given that miRNAs can regulate the expression of specific 
genes, we used the TargetScan application to identify IL-1β as 
a putative miR-105 target (Figure 5A). Additionally, IL-1β 
expression was significantly increased in HT-29/OXA and 
LOVO/OXA cells compared with HT-29 and LOVO cells 
(Figure S6). In a luciferase reporter gene assay, we confirmed 
that miR-105 mimic transfection was sufficient to suppress the 
activity of the WT but not the mutant IL-1β reporter construct 
(Figure 5B). Overexpressing miR-105 also suppressed IL-1β 
expression, whereas knocking down this miRNA resulted in 
the opposite phenotype (Figure 5C and D). The effect of miR- 
105 mimic transfection on the expression of IL-1β was 
reversed upon IL-1β transfection (Figure 5E and F). In subse-
quent experiments, we determined that miR-105 overexpres-
sion was sufficient to suppress HT-29/OXA and LOVO/OXA 
cell survival and to decrease OXA IC50 values in these cells, 

Figure 3 MCF2L-AS1 knockdown suppresses in vivo OXA resistance. Tumor volume (A and B) and overall survival (C and D) were examined in vivo in OXA-treated sh- 
NC and sh-MCF2L-AS1 groups. **p < 0.01.
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Figure 4 Sh-MCF2L-AS1 suppresses CRC/OXA cell survival and oxaliplatin resistance, while miR-105 inhibition reverses this effect. (A) Interactions between miR-105 and 
MCF2L-AS1 were predicted with StartBase 2.0. (B) Luciferase reporter assays were conducted as a means of measuring luciferase activity. (C and D). MCF2L-AS1 
enrichment within CRC/OXA cells was assessed via a RIP assay approach. (E and F). Biotin-coupled sense or antisense DNA probes specific for MCF2L-AS1 were combined 
with lysates prepared from CRC/OXA cells, after which RNA was pulled down and qPCR was conducted. (G) miR-105 levels in CRC/OXA cells were assessed via qPCR. 
(H and I). Cell survival and OXA IC50 values were measured via MTT assay for CRC/OXA cells. **p < 0.01.
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while IL-1β overexpression partially reversed these changes 
(Figure 5G and H). Together, these results suggested that IL-1β 
is a miR-105 target gene, and indicated that miR-105 

overexpression can suppress the growth and chemoresistance 
of CRC/OXA cells growth and drug resistance, while IL-1β 
upregulation can reverse this phenotype.

Figure 5 miR-105 overexpression results in the inhibition of IL-1β and the suppression of CRC/OXA cell survival and oxaliplatin resistance. (A) Binding interactions between miR- 
105 and IL-1β were predicted with TargetScanHuman 2.0. (B) Luciferase assays were used to quantify luciferase activity. Levels of IL-1β expression in CRC/OXA cells were 
quantified via qPCR (C and E) and ELISA (D and F). (G and H). Cell survival and OXA IC50 values were measured via MTT assay for CRC/OXA cells. **p < 0.01.
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MCF2L-AS1 Targets miR-105 to Regulate 
the Expression of IL-1β in CRC/OXA 
Cells
To better understand how MCF2L-AS1, miR-105, and IL-1β 
are associated with one another, we next measured IL-1β 
expression in the sh-NC + NC inhibitor, sh-MCF2L-AS1 + 
NC inhibitor, sh-NC + miR-105 inhibitor, and sh-MCF2L- 
AS1 + miR-105 inhibitor groups via qPCR and ELISA. This 
revealed that IL-1β was suppressed upon MCF2L-AS1 down-
regulation in these OXA cells, while miR-105 inhibitor trans-
fection was sufficient to reverse this phenotype (Figure 6A and 
B), indicating that MCF2L-AS1 can indirectly control the 
expression of this inflammatory cytokine by binding miR-105.

Discussion
Regulatory interactions between different non-coding RNA 
species and target mRNAs have been identified as key reg-
ulators of chemoresistance in a range of oncogenic contexts. 
In CRC, for example, 5FU resistance is at least partially 
driven by the lncRNA HOTAIR, which can suppress the 
expression of miR-218 and thereby promote NF-κB/TS 
signaling.20 The BLACAT1/miR-519d-3p/CREB1 signaling 
axis has similarly been shown to control the proliferative, 
migratory, invasive, survival, and chemoresistance activities 
of CRC cells,19 while knockdown of the lncRNA 
SLC25A25-AS1 can enhance CRC cell proliferation, che-
moresistance, and EMT progression.21 MCF2L-AS1 has 
increasingly been identified as an important lncRNA asso-
ciated with cancer-related glycolysis, proliferation, and 

invasive activity.6 Herein, we determined that therapeutic 
non-responder CRC patients expressed substantially higher 
MCF2L-AS1 levels as compared to those that did respond to 
chemotherapy. Functional analyses revealed that knocking 
down MCF2L-AS1 was sufficient to compromise the che-
moresistance of CRC/OXA cells in vitro and in vivo, indicat-
ing that a loss of this lncRNA can disrupt the mechanisms 
governing OXA resistance in this oncogenic context.

In several prior reports, miR-105 was shown to be asso-
ciated with diverse oncogenic processes in the prostate, gas-
tric, non-small-cell lung, and hepatocellular carcinoma (HCC) 
cancer types.22–25 In prostate cancer, for example, miR-105 
can suppress the expression of CDK6 and thereby inhibit 
tumor growth,22 while in gastric cancer it can similarly sup-
press SOX9 expression to impair the EMT and metastatic 
progression.23 In HCC, miR-105 can also impair PI3K/AKT 
activity and thereby disrupt tumor cell proliferation.24 The 
importance of miR-105 as a regulator of CRC cell chemore-
sistance, however, has not been assessed previously. Herein, 
we detected significant miR-105 downregulation in non- 
responder CRC patients and CRC/OXA cells compared with 
responders and chemosensitive cells. Through luciferase 
reporter, RIP, and pull-down assays, we further confirmed 
the ability of MCF2L-AS1 to target miR-105 such that knock-
ing down this miRNA in CRC/OXA cells was sufficient to 
reverse the suppressive effects of sh-MCF2L-AS1 on OXA 
resistance in these cells, confirming that MCF2L-AS1 controls 
the chemoresistance of CRC/OXA cells by regulating 
miR-105.

Figure 6 MCF2L-AS1 targets miR-105 and thereby regulates IL-1β in CRC/OXA cells. The expression of IL-1β in these cells was assessed via qPCR (A) and ELISA (B). **p < 0.01.
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Many studies have highlighted a role for IL-1β as 
a regulator of chemoresistance. In breast cancer patients, for 
example, inflammatory IL-1β responses are associated with 
tumor metastasis and colonization.26 Herein, we found that 
miR-105 was able to target and suppress IL-1β expression, 
with IL-1β overexpression being sufficient to overcome the 
inhibitory effects of miR-105 overexpression in CRC/OXA 
cells. MCF2L-AS1 was also shown to regulate the expression 
of IL-1β by binding to miR-105 within these same cells.

Conclusion
In summary, the knockdown of MCF2L-AS1 was suffi-
cient to overcome the chemoresistance of CRC/OXA cells 
owing to consequent miR-105 upregulation and IL-1β 
downregulation, indicating that this MCF2L-AS1/miR- 
105/IL-1β regulatory axis is an important pathway con-
trolling the therapeutic resistance of CRC/OXA cells.
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