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Long non‑coding RNA MALAT1 regulates 
oxaliplatin‑resistance via miR‑324‑3p/ADAM17 
axis in colorectal cancer cells
Changru Fan, Qiulan Yuan, Guifeng Liu, Yuliang Zhang, Maojun Yan, Qingxu Sun and Chaoyu Zhu* 

Abstract 

Background:  Colorectal cancer (CRC) is one of the most general malignant tumors. Accumulating evidence implied 
that long non-coding RNA Metastasis Associated Lung Adenocarcinoma Transcript 1 (MALAT1) participated in the 
tumorigenesis of CRC. However, the effect of MALAT1 in drug-resistance needed to be further illustrated.

Methods:  Levels of MALAT1, microRNA (miR)-324-3p, and a disintegrin and metalloprotease metallopeptidase 
domain 17 (ADAM17) were detected using quantitative real-time polymerase chain reaction (qRT-PCR) or western 
blot assay. Cell Counting Kit 8 (CCK-8) was used to assess the half maximal inhibitory concentration (IC50) of oxalipl-
atin (Ox). Meanwhile, cell proliferation, migration and apoptosis were detected by CCK-8, transwell assay, and flow 
cytometry, respectively. The interaction between miR-324-3p and MALAT1 or ADAM17 was clarified by dual-luciferase 
reporter assay. Also, the effect of MALAT1 on tumor growth was detected in xenograft tumor mice treated with Ox.

Results:  Significant up regulation of MALAT1 and ADAM17, and decrease of miR-324-3p were observed in Ox-resist-
ant CRC tissues and cells. MALAT1 deficiency enhanced the sensitivity of Ox-resistant CRC cells response to Ox, while 
miR-324-3p repression or ADAM17 acceleration could overturn this effect. Moreover, MALAT1 silencing repressed 
tumor growth in Ox-treated nude mice. Mechanically, MALAT1 exerted promotion effect on the resistance response 
to Ox via miR-324-3p/ADAM17 axis in Ox-resistant CRC cells.

Conclusion:  MALAT1 modulated the sensitivity of Ox through ADAM17 in Ox-resistant CRC cells by sponging miR-
324-3p, thus MALAT1 might serve as a novel insight for the therapy of CRC.
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Highlights

1.	 MALAT1 and ADAM17 were highly expressed, 
while miR-324-3p was down regulated in Ox-resist-
ant CRC tissues and cells.

2.	 Knockdown of MALAT1 could boost the sensitivity 
of Ox-resistant CRC cells response to Ox.

3.	 Either miR-324-3p inhibition or ADAM17 increase 
could abolish the effect of MALAT1 deletion on Ox-
sensitivity in vitro.

4.	 MALAT1 regulated the tumorigenesis via miR-
324-3p/ADAM17 axis in Ox-treated mice.

Background
Colorectal cancer (CRC) is one of the leading causes 
which contributed to cancer-related deaths, and more 
than 1.2 million new cases of CRC are diagnosed every 
year all over the world [1, 2]. Recently, oxaliplatin 
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(Ox)-based chemotherapy was identified as one of the 
most common therapeutic strategies after surgical resec-
tion [3]. Ox combines with 5-fluorouracil and leucovorin 
(FOLFOX), and this combination can promote the drug-
response rate (over than 50%) and improve the median 
survival for the metastatic CRC [4]. However, the out-
comes of metastasis and chemoresistance after receiving 
chemotherapy are the master barrier to the efficiency of 
CRC therapy [5]. Investigating the potential mechanism 
and finding therapeutic biomarkers are necessary to 
develop the drug-therapies for CRC patients.

Long non-coding RNAs (lncRNAs) with over than 200 
nucleotides can exert the functional effects by modify-
ing and interacting numerous types of genes and pro-
teins through mountainous mechanisms [6, 7], flowed 
by participating in the fundamental pathogenesis, such 
as carcinogenesis and cardiovascular diseases [8–10]. 
The function of lncRNAs in cancer progression attracted 
extensive attentions over the past decades, numerous 
lncRNAs were identified to be implicated in carcinogen-
esis by working as oncogenic or tumor suppressor genes 
[11]. Metastasis-associated lung adenocarcinoma tran-
script 1 (MALAT1) is a well-known lncRNA, which is 
strikingly up regulated in liver cancer and cervical can-
cer [12, 13] and acts vital roles in the development of 
human cancers and chemoresistance [14, 15]. In CRC, 
MALAT1 can contribute to the tumor development via 
releasing oncogene polypyrimidine tract binding protein 
[16]. Also, MALAT1 has been reported to reduce the Ox-
sensitivity, thereby decreasing the therapeutic effect via 
repressing miR-218 [17]. Thus, it was necessary to com-
pletely understand the function of MALAT1 in the Ox-
resistance response of CRC cells.

Recently, miRNAs are regarded as a class of non-cod-
ing RNAs, and it can partially complement with mes-
senger RNA (mRNA), thereby curbing the expression of 
targeted proteins [18]. Previously, several miRNAs have 
been confirmed to be involved in the pathogenesis of 
human cancers [19]. Emerging researches also suggested 
that miRNAs were strictly related to chemoresistance in 
diverse cancers [20]. Moreover, growing number of miR-
NAs were identified to be associated with the processes 
of CRC. For instance, miR-324-3p was a key regulator 
in the radioresistance of nasopharyngeal carcinoma by 
targeting oncogene WTN2B [21, 22]. In this study, we 
aimed to explore whether miR-324-3p could account for 
the Ox-sensitivity in CRC. Furthermore, A disintegrin 
and metalloprotease (ADAM) metallopeptidase domain 
17, a member of ADAMs family, was demonstrated to be 
related to the drug-resistance in CRC.

In the paper, we focused on the expression of MALAT1, 
miR-324-3p, and ADAM17 in Ox-resistant CRC tis-
sues and cells. Moreover, we highlighted the potential 

mechanisms of MALAT1 in modifying the sensitivity of 
Ox-resistant CRC cells response to Ox.

Materials and methods
Clinical specimens and cell treatment
Ox-resistant CRC patients (n = 40) and Ox-sensitive 
CRC patients (n = 40) were recruited from Linyi Cancer 
Hospital. And the CRC specimens were received from 
each participator. Tumor response was verified in accord-
ance with the Response Evaluation Criteria in Solid 
Tumors (RECIST). Besides, written informed consents 
were gained from all participators based on the guide-
lines authorized by the Ethics Committee of Linyi Cancer 
Hospital.

For cell culture, the CRC cell lines (HCT116 and 
HCT8) and human fetal normal colonic cells (FHC) 
were purchased from American Tissue Culture Collec-
tion (Manassas, VA, USA). HCT116 and HCT8 were 
maintained in McCoy’s 5A medium (Hyclone, Logan, 
UT, USA) and Roswell Park Memorial Institute-1640 
(RPMI-1640; Hyclone), respectively. FHC were cultured 
with dulbecco’s modified eagle medium/F12 (DMEM/
F12; Hyclone). All the mediums were supplemented with 
10% fetal bovine serum (FBS; Gibco, Carlsbad, CA, USA), 
penicillin–streptomycin (Gibco; 100 U/mL penicillin and 
100  mg/mL streptomycin) at 37  °C in 5% CO2 and 95% 
Moist air.

Development of Ox‑resistant cell lines
This protocol was referenced from the previous descrip-
tions [3]. Briefly, HCT116 and HCT8 cells were cultured 
in relative media with the addition of 0.1  μmol/L oxali-
platin (Ox; Selleck Chemicals, HOU, USA). The surviv-
ing cells were grown and passaged twice (over 9 days) to 
measure viability. Then, the survival cells were exposed 
in the complete medium with 0.5  μmol/L (15  days), 
1.0  μmol/L (30  days), and finally to 2  μmol/L. The Ox-
resistant CRC cell lines were named as HCT116/OxR 
and HCT8/OxR.

Cell transfection
Specific short hairpin (shRNA) targeting MALAT1 (sh-
MALAT1) and its negative control (sh-NC) were synthe-
sized in RiboBio (Guangzhou, China). The full-length of 
ADAM17 was inserted into pcDNA3.1 to create overex-
pression vector (ADAM17), and the scrambled sequence 
was cloned into pcDNA3.1, thereby generating over 
expression control (pcDNA). Besides, the miR-324-3p 
mimic (miR-324-3p), miR-324-3p inhibitor (anti-miR-
324-3p) and their controls (miR-NC and anti-miR-NC) 
were obtained from HANBIO (Shanghai, China). The 
relative sequences were respectively transfected into 
HCT116/OxR and HCT8/OxR cells using Lipofectamine 
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3000 reagent (Invitrogen, Carlsbad, CA, USA). Moreover, 
sh-MALAT1 or sh-NC with lentiviral vector was used to 
form Ox-resistant CRC cells stably.

Quantitative real‑time polymerase chain reaction 
(qRT‑PCR) assay
The total RNA from tumor Ox-resistant CRC tissues and 
cells was extracted with Trizol reagent (Invitrogen). The 
total RNA was reversely transcribed into complemen-
tary DNA (cDNA) utilizing PrimeScript RT reagent Kit 
(Takara, Dalian, China). Then, qRT-PCR was carried out 
with the synthesized cDNA, corresponding primers, and 
the reagent of SYBR Prime Script RT-PCR Kits (Takara). 
The levels were calculated using the 2−ΔΔCt method. U6 
small nuclear 1 (U6, Gene ID: 26827) and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH, GeneID: 2597) 
were used to standardize the expression of miR-324-3p 
(Gene ID: 442898), MALAT1 (GeneID: 378938) and 
ADAM17 (GeneID: 6868). The primers were as listed: 
MALAT1 (Forward: 5′-GGG​TGT​TTA​CGT​AGA​CCA​
GAACC-3′, Reverse: 5′-CTT​CCA​AAA​GCC​TTC​TGC​
CTTAG-3′); miR-324-3p (Forward: 5′-ACT​GCC​CCA​
GGT​GCT​GCT​GG-3′, Reverse: 5′-TGT​CAA​AAG​GGA​
AAT​GAG​GC-3′); ADAM17 (Forward: 5′-GTG​CAG​GGT​
CCG​AGGT-3′, Reverse: 5′-GCG​AGC​ACA​GAA​TTA​
ATA​CGAC-3′); GAPDH (Forward: 5′-GCA​CCG​TCA​
AGG​CTG​AGA​AC-3′, Reverse: 5′-ATG​GTG​GTG​AAG​
ACG​CCA​GT-3′); U6 (Forward: 5′-CTC​GCT​TCG​GCA​
GCACA-3′, Reverse: 5′-AAC​GCT​TCA​CGA​ATT​TGC​
GT-3′).

Cell Counting Kit 8 (CCK‑8)
The cells were seeded in a 96-well plate and cultured for 
72 h with different dose of Ox. Then, 10 mg/mL of CCK8 
reagent was added, and cell viability was detected on the 
base of the protocols. The absorbance at 450  nm was 
measured using a microplate reader. The half-maximal 
inhibitory concentration (IC50) of Ox was determined in 
HCT116/OxR and HCT8/OxR cells.

Transwell assay
For the detection of cell migration in CRC, cells cultured 
in the serum-free medium were seeded on the upper 
chamber (Corning Incorporated, Big Flats, NY, USA) 
pre-coated with Matrigel (BD Biosciences, San Jose, CA, 
USA). The lower chamber supplemented with DMEM 
containing 10% FBS was used as a chemoattractant. After 
incubation for 24 h at 37 °C, the migrated cells were fixed, 
stained, and counted using a microscope (Nikon Eclipse 
TS100; Nikon, Tokyo, Japan).

Flow cytometry assay
HCT116/OxR and HCT8/OxR cells were cultured in 
McCoy’s 5A or RPMI-1640 contained 10% FBS with 
2 μmol/L Ox, respectively. After incubation for 48 h, cells 
were digested using trypsin (Gibco) and washed using 
Phosphate Buffer solution (PBS; Hyclone). Then, these 
cells were incubated with Annexin V-fluorescein isothio-
cyanate (FITC)/propidium iodide (PI) reagent (Vazyme, 
Nanjing, China). The apoptotic signals were analyzed 
using flow cytometer.

Dual‑luciferase reporter assay
StarBase v3.0 was used to predict the binding sites 
between MALAT1 and miR-324-3p, and the complemen-
tary sequences between miR-324-3p and the 3′ Untrans-
lated Regions (3′UTR) of ADAM17 were predicted by 
Target Scan7.2. The common fragments between miR-
324-3p and MALAT1 or ADAM17 were cloned and 
inserted into pmirGLO (Promega, Madison, WI, USA), 
forming WT-MALAT1 and ADAM17-WT. Similarly, the 
relative mutants (MUT-MALAT1 and ADAM17-MUT) 
were constructed in the same way. The reporters were co-
transfected with miR-324-3p or miR-NC, respectively., 
Finally, the luciferase activity was evaluated through 
adopting a Dual-Luciferase Reporter Assay System kit 
(Promega).

Western blot assay
Western blot analysis was performed as previously 
described [23]. Briefly, protein was extracted and loaded 
on a 10% polyacrylamide gel. Then, proteins were trans-
ferred onto Polyvinylidene Fluoride (PVDF; Millipore, 
Bedford, MA, USA), and incubated with primary anti-
body including ADAM17 (ab2051, 1:1000, Abcam, Cam-
bridge, MA, USA), Bcl-2 (ab182858, 1:2000, Abcam), 
Cleaved caspase-3 (ab2302, 1:1000, Abcam), E-cadherin 
(14472, 1:1000, Cell signaling technology, Boston, MA, 
USA), Vimentin (5741, 1:1000, 5741, Cell signaling tech-
nology) and GAPDH (ab8245, 1:6000, Abcam) overnight 
at 4 °C. GAPDH was used as a internal control. Then, the 
membranes were incubated with secondary antibody 
(Abcam) for 40  min at temperature, and an enhanced 
chemiluminescent substrate kit (Millipore) was employed 
to visualize the unique proteins.

Xenograft tumor model
The male nude BALB/c mice (n = 6/group) at the age 
of 6  weeks with 16–20  g weight were purchased from 
Vital River Laboratory Animal Technology (Beijing, 
China). This experiment was performed according to 
the guidelines of the National Animal Care and Eth-
ics Institution and approved by the Animal Research 
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Committee of Linyi Cancer Hospital. Firstly, the mice 
were randomly divided into three groups, and HCT116/
OxR cells (lentivirus-mediated sh-MALAT1 or sh-NC) 
with 200 µL PBS were subcutaneously injected into the 
left flank of the mice. Ox (5  mg/kg) was administered 
two times every week with intragastric injection. After 
injection for 1  week, the tumor length and width were 
measured and recorded every 4  days for total 6 times. 
The volume was calculated according to the formula: vol-
ume = length × width2 × 0.5. All mice were sacrificed, the 
xenograft tumors were fetched and weighed.

Statistical analysis
Data were exhibited as the mean ± standard deviation 
(SD). Statistical analysis was performed using Student’s 
t-test (two-group) and one-way analysis of variance 
(three or more groups) followed by turkey’s test. P < 0.05 
was deemed statistically significant.

Results
MALAT1 was up regulated in Ox‑resistant CRC tissues 
and cells
This study recruited Ox-resistant CRC patients (n = 40) 
and Ox-sensitive CRC patients (n = 40) from Linyi 
Cancer Hospital and the detailed information of these 
patients was shown in Table  1. To explore the role 
of MALAT1 in CRC, we detected the expression of 
MALAT1 in Ox-resistant CRC tissues and cells. As 
described in Fig. 1a–c, MALAT1 was highly expressed in 
Ox-resistant CRC tissues (Fig.  1a) and cells (Fig.  1b, c). 
Subsequently, we determined the IC50 values of oxalipl-
atin in both CRC and Ox-resistant CRC cells and found 
that the IC50 values of oxaliplatin was significantly 
increased in Ox-resistant CRC cells compared with CRC 
cells (Fig. 1d). These data indicated that MALAT1 played 
a crucial role in Ox-resistant CRC.

Knockdown of MALAT1 could augment Ox‑sensitivity 
in HCT116/OxR and HCT8/OxR cells
Firstly, we determined the transfection efficiency of sh-
MALAT1 and found the high knockdown efficiency 
of sh-MALAT1 (Fig.  2a). CCK8 assay manifested that 
MALAT1 deletion repressed the IC50 values of oxali-
platin (Fig.  2b) and cell proliferation (Fig.  2c) in both 
HCT116/OxR and HCT8/OxR cells. Moreover, a distinct 
decrease of cell migration was observed in MALAT1-
silenced HCT116/OxR and HCT8/OxR cells (Fig. 2f, g). 
Also, we examined the effect of MALAT1 silencing on 
cell apoptosis, flow cytometry indicated that MALAT1 
deletion potently triggered cell apoptosis in HCT116/
OxR and HCT8/OxR cells (Fig.  2h). Meanwhile, we 
detected the expression of apoptosis related protein 
Bcl-2 and Cleaved caspase-3, as well as epithelial to 

mesenchymal transition (EMT)-related proteins E-cad-
herin and Vimentin. Our data indicated that MALAT1 
down regulation significantly decreased the expression 
of Bcl-2, Cleaved caspase-3 and Vimentin but increased 
E-cadherin expression (Fig.  2i and j). Taken together, 
the deficiency of MALAT1 increased the sensitivity of 
HCT116 and HCT8 cells to oxaliplatin.

MiR‑324‑3p inhibitor overturned the repressive influence 
of MALAT1 silencing on the Ox‑resistance of HCT116/OxR 
and HCT8/OxR cells
The possible miRNAs targets to MALAT1 were pre-
dicted by StarBase. There were four miRNAs (miR-
5691, miR-1913, miR-324-3p, miR-670-3p) which were 
predicted to have potential binding sites of MALAT1. 
Dual-luciferase reporter assay were used to assess the 
regulatory relationships between these miRNAs and 
MALAT1. As shown in Additional file 1: Fig. S1A, these 
miRNAs were negatively regulated by MALAT1, and the 
negative regulatory relationship between MALAT1 and 
miR-324-3p was more obvious than the others, thus we 
chose miR-324-3p to investigate further. The comple-
mentary binding sequences between miR-324-3p and 
MALAT1 was shown in Fig.  3a. To confirm the direct 

Table 1  Demographic characteristics 
and  clinicopathologic features of  colorectal cancer 
patients (n = 80)

*P < 0.05, ***P < 0.001

Parameter Case Colorectal cancer patients P value

Ox-resistant 
(n = 40)

Ox-sensitive 
(n = 40)

Age (years)

 ≤ 65 42 23 19 0.5021

 > 65 38 17 21

Sex

 Male 41 18 23 0.3711

 Female 39 22 17

Lymphatic metastasis

 No 38 13 25 0.0133*

 Yes 42 27 15

TNM Stage

 I + II 43 17 26 0.0722

 III 37 23 14

Tumor general type 0.4614

 Ulcerative 21 14 7

 Mass 48 26 22

 Infiltrative 11 6 7

Expression of MALAT1 < 0.0001***

 Lower 40 2 38

 Higher 40 38 2
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interaction between MALAT1 and miR-324-3p, we per-
formed the dual-luciferase reporter assay. The results 
validated that miR-324-3p could specifically block the 
fluorescence intensity of WT-MALAT1, whereas the co-
transfection with miR-324-3p had no significant impact 
on the mutant reporter (Fig. 3b and c). The expression of 
miR-324-3p was decreased in Ox-resistant CRC tissues 
(Fig.  3d). In addition, an inverse relationship between 
MALAT1 and miR-324-3p was determined in Ox-resist-
ant CRC tissues (Fig.  3e). Similarly, we found that miR-
324-3p was also down regulated in Ox-resistant CRC 
cells compared with CRC cells (Fig.  3f ). Next, the effi-
ciency of anti-miR-324-3p was verified using qRT-PCR, 
the level of miR-324-3p was reduced by anti-miR-324-3p 
(Fig.  3g). Besides, our data suggested that the decrease 
of IC50 induced by MALAT1 deletion was reversed by 
miR-324-3p inhibitor in Ox-resistant CRC cells (Fig. 3h, 
i). Moreover, cell proliferation (Fig.  3j, k) and migration 
(Fig. 3l, m) inhibited by MALAT1 down regulation were 
blocked by miR-324-3p deletion in Ox-resistant CRC 
cells (Fig. 3j–m). We also determined cell apoptosis and 
discovered that MALAT1 deletion induced cell apoptosis 
was harbored by miR-324-3p deletion (Fig. 3n). Further-
more, we found that the regulatory effects of MALAT1 
deletion on the expression of Bcl-2, Cleaved caspase-3, 
E-cadherin and Vimentin were reversed by miR-324-3p 

down regulation (Fig.  3o, p). These data meant that 
MALAT1 exerted regulatory effects on cell proliferation, 
migration and apoptosis in Ox-resistant CRC cells via 
sponging miR-324-3p.

ADAM17 was a target of miR‑324‑3p
As predicted by TargetScan7.2, there were binding 
sites between miR-324-3p and ADAM17 (Fig.  4a). 
There were three genes (ADAM12, ADAM17 and 
ADAM22) that probably had the existence of bind-
ing sites. Dual-luciferase reporter assay were used 
to assess the regulatory relationships between these 
genes and miR-324-3p. Then we tested the regula-
tory relationships between these genes and miR-
324-3p, and the results showed that ADAM17 showed 
more obvious negative regulatory relationship with 
miR-324-3p. Subsequently, the relationship between 
miR-324-3p and ADAM17 was illustrated using dual-
luciferase reporter assay, the results presented that 
the luciferase activity of ADAM17-WT was decreased 
in HCT116/OxR and HCT8/OxR cells co-transfected 
with miR-324-3p, but miR-324-3p could not alter the 
luciferase activity of ADAM17-MUT in  vitro (Fig.  4b 
and c). Besides, the mRNA and protein levels of 
ADAM17 were up regulated in Ox-resistant CRC tis-
sues (Fig. 4d and e). Moreover, we observed an inverse 

Fig. 1  The level of MALAT1 was up regulated in Ox-resistant CRC tissues and cells. a QRT-PCR analysis for the level of MALAT1 in Ox-resistant CRC 
tissues (n = 40) and Ox-sensitive CRC tissues (n = 40). b, c The expression of MALAT1 in Ox-resistant CRC (HCT116/OxR and HCT8/OxR), CRC (HCT116 
and HCT8) and normal cells (FHC). c The IC50 value of Ox in HCT116, HCT116/OxR, HCT8 and HCT8/OxR was detected by CCK-8 assay. *P < 0.05
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relationship between miR-324-3p and ADAM17 in 
Ox-resistant CRC tissues (Fig.  4f ). Similarly, we also 
observed the higher mRNA and protein expression of 
ADAM17 in Ox-resistant CRC cells in comparison to 
CRC cells (Fig. 4g, h). As shown in Fig. 4i, j, MALAT1 
deletion inhibited the expression of ADAM17, which 
was reversed by miR-324-3p inhibitor. These results 
suggested that miR-324-3p was a direct target of 
ADAM17.

ADAM17 up regulation could abrogate the effect 
of MALAT1 reduction on the Ox‑sensitivity in CRC cells
Next, we investigated whether ADAM17 could modulate 
Ox-resistance in CRC. Firstly, the over expression vec-
tor of ADAM17 was constructed and transfected into 
HCT116/OxR and HCT8/OxR cells, the mRNA and 
protein level of ADAM17 were remarkably enhanced 
in vitro (Fig. 5a and b). CCK8 analysis displayed that the 
inhibition effect of MALAT1 knockdown on the IC50 of 

Fig. 2  Knockdown of MALAT1 could augment the sensitivity response to Ox in HCT116/OxR and HCT8/OxR cells. a–j HCT116/OxR and HCT8/OxR 
cells were transfected with sh-NC or sh-MALAT1. a The knockdown efficiency of sh-MALAT1 in HCT116/OxR and HCT8/OxR cells. b, c The detection 
of IC50 value of Ox in HCT116/OxR and HCT8/OxR cells. d, e Measurement of cell viability by CCK-8 assay. f, g Measurement of cell migration 
HCT116/OxR and HCT8/OxR cells by transwell assay. h Determination of cell apoptosis in HCT116/OxR and HCT8/OxR cells by flow cytometry. i, j 
The expression of Bcl-2, Cleaved caspase-3, E-cadherin and Vimentin was detected by western blot. N = 3, *P < 0.05

Fig. 3  MiR-324-3p inhibitor overturned the effects of MALAT1 silencing on HCT116/OxR and HCT8/OxR cells. a The predictive binding sites 
between MALAT1 and miR-324-3p. b, c Dual-luciferase reporter analysis for the luciferase activities of WT-MALAT1 and MUT-MALAT1 in Ox-resistant 
CRC cells. d The expression of miR-324-3p in Ox-resistant CRC tissues (n = 40) and Ox-sensitive CRC tissues (n = 40). e The relationship between 
MALAT1 and miR-324-3p in Ox-resistant CRC tissues (n = 40). f The level of miR-324-3p in Ox-resistant CRC cells, CRC cells and FHT cells. g The 
transfection efficiency of anti-miR-324-3p in Ox-resistant cells. h–p HCT116/OxR and HCT8/OxR cells were transfected with sh-NC, sh-MALAT1, 
sh-MALAT1 + anti-miR-NC, or sh-MALAT1 + anti-miR-324-3p. h, i The measurement of IC50 value in HCT116/OxR and HCT8/OxR cells response to 
Ox. j, k Detection of cell viability by CCK-8 assay. l, m Measurement of cell migration using transwell assay. n Detection of cell apoptosis by flow 
cytometry. o, p The expression of Bcl-2, Cleaved caspase-3, E-cadherin and Vimentin was determined by western blot. N = 3, *P < 0.05

(See figure on next page.)
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Ox was eliminated by ADAM17 over expression in vitro 
(Fig. 5c, d). Moreover, the repression of MALAT1 dele-
tion on cell proliferation (Fig.  5e, f ) and migration 
(Fig. 5g, h) was restored by ADAM17 over expression in 
HCT116/OxR and HCT8/OxR cells. And the promotion 
of MALAT1 deletion on cell apoptosis was blocked by 
ADAM17 over expression in HCT116/OxR and HCT8/
OxR cells (Fig. 5i). Furthermore, the inhibition on Bcl-2, 
Cleaved caspase-3 expression and Vimentin and promo-
tion on E-cadherin expression induced by MALAT1 dele-
tion were reversed by ADAM17 over expression (Fig. 5j, 

k). All the findings revealed that the effect of MALAT1 
deletion on Ox-resistance was rescued by ADAM17 over 
expression in HCT116/OxR and HCT8/OxR cells.

MALAT1 silencing promoted Ox‑sensitivity in xenograft 
tumor model
Then, we explored the effects of MALAT1 on tumorigen-
esis in vivo. After injection for 27 days, the tumor volume 
and weight were declined by MALAT1 down regula-
tion in Ox-treated mice in comparison with the control 
(Fig. 6a, b). Moreover, we found that decreased MALAT1 

Fig. 4  ADAM17 was a target of miR-324-3p. a The complementary sequences between miR-324-3p and ADAM17. b, c The fluorescence intensities 
of ADAM17-WT and ADAM17-MUT in HCT116/OxR and HCT8/OxR cells transfected with miR-324-3p. d, e Measurement of ADAM17 mRNA 
and protein expression in Ox-resistant CRC tissues (n = 40) and Ox-sensitive CRC tissues (n = 40). f The relationship between miR-324-3p and 
ADAM17 in Ox-resistant CRC tissues (n = 40). g, h Detection of ADAM17 mRNA and protein expression in Ox-resistant CRC cells, CRC cells, and 
FHC cells. i, j The protein expression of ADAM17 in HCT116/OxR and HCT8/OxR cells transfected with sh-NC, sh-MALAT1, sh-MALAT1 + miR-NC, or 
sh-MALAT1 + miR-324-3p. N = 3, *P < 0.05
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and ADAM17 expression and increased miR-324-3p 
expression were found in tumor tissues isolated from 
sh-MALAT1 mice treated with Ox (Fig.  6c). Also, the 
protein level of ADAM17 was constrained by MALAT1 
down regulation in Ox-treated mice (Fig.  6d). Over-
all, MALAT1 deletion could strengthen the sensitivity 
response to Ox via miR-324-3p/ADAM17 axis in xeno-
graft tumor model.

Discussion
Despite current chemotherapeutic methods evidently 
improved the survival of metastatic tumors, nearly 
all CRC patients finally developed into chemoresist-
ance with cell metastasis [5]. Understanding the regula-
tory mechanism of chemoresistance in CRC is utterly 
important to find the therapeutic strategies for CRC 
[24]. MALAT1 was firstly reported to be involved in the 

Fig. 5  ADAM17 up regulation could abrogate the effect of MALAT1 reduction on the sensitivity of Ox-resistant CRC cells. a, b The 
transfection efficiency of ADAM17 in Ox-resistant CRC cells. c–k HCT116/OxR and HCT8/OxR cells were transfected with sh-NC, sh-MALAT1, 
sh-MALAT1 + pcDNA, or sh-MALAT1 + ADAM17. c, d The detection of IC50 value of Ox in HCT116/OxR and HCT8/OxR cells. e, f Measurement of cell 
viability by CCK-8 assay. g, h Measurement of cell migration HCT116/OxR and HCT8/OxR cells by transwell assay. i Determination of cell apoptosis 
in HCT116/OxR and HCT8/OxR cells by flow cytometry. j, k The expression of Bcl-2, Cleaved caspase-3, E-cadherin and Vimentin was detected by 
western blot. N = 3, *P < 0.05
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metastatic development in non-small cell lung cancer 
[25], and the role of MALAT1 in CRC attracted more 
attentions recently [16, 26]. MALAT1 has been reported 
to participate in mountainous biological processes, such 
as development and metastatic outcomes [27]. In a pre-
vious study, the high expression of MALAT1 acted as a 
poor prognostic biomarker in CRC [28]. In this paper, we 
focused on the function of MALAT1 in Ox-resistance of 
CRC. The DNA damage responses acted as the pivotal 
functions in tumorigenesis and chemoresistance, Ox 
led to cell apoptosis by stimulating DNA damages [29]. 
Hence, it was necessary to shed light on the Ox-resist-
ant CRC. Firstly, we found that MALAT1 was highly 
expressed in Ox-resistant CRC tissues and in established 
Ox-resistant CRC cells. The high expression of MALAT1 
might be inversely associated with Ox-resistance. Moreo-
ver, knockdown of MALAT1 could notably decline the 
IC50 of Ox and inhibit cell proliferation, migration, EMT 
and promote cell apoptosis in Ox-resistant HCT116 and 

HCT8 cells. Moreover, MALAT1 knockdown suppressed 
tumor growth in Ox-treated nude mice. After elucidat-
ing the clinical value of MALAT1 in CRC, we tried to 
clarify the underlying molecular of MALAT1 regulating 
this Ox-sensitivity and unravel the probable mechanisms 
on the resistant evolution of CRC. Over the past dec-
ades, the interrelation between lncRNAs and miRNAs 
has been widely acknowledged [30]. According to the 
previous descriptions, starBase v3.0 software was used 
to predict the potential targets of MALAT1. As predicted 
by TargetScan7.2, miR-324-3p was found to be a candi-
date target of MALAT1. A previous research exposed 
that miR-324-3p functioned as a distinct biological role 
in human cancers [31]. MiR-324-3p could modulate the 
progression of cholangiocarcinoma through targeting 
ATP-binding cassette transporter A1 [32]. Collectively, 
miR-324-5p acted as a tumor suppressor in mountain-
ous cancers, including CRC. Moreover, miR-324-5p was 
tightly associated with cisplatin resistance in non-small 

Fig. 6  MALAT1 silencing suppressed tumor growth in Ox-resistant xenograft model mice. Sh-MALAT1 or sh-NC was injected into Ox-treated nude 
mice. a, b The data of the tumour image, tumor volume and weight under MALAT1 repression. c qRT-PCR analysis for the effect of MALAT1 silencing 
on the levels of MALAT1, miR-324-3p, and ADAM17 in tumors. d The protein level of mature ADAM17 in xenograft tumors. N = 3, *P < 0.05
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cell lung cancer cells [33]. Hence, we explored whether 
miR-324-3p could participate in the resistant response 
in CRC. Subsequently, low expression of miR-324-3p 
was observed, which was involved in the resistance of 
Ox-resistant CRC cells. Furthermore, miR-324-3p inhibi-
tor could regain the effect of MALAT1 silencing on 
Ox-resistance in vitro. All findings illuminated that miR-
324-3p, a target of MALAT1, was implicated in the Ox-
sensitivity in CRC.

Previous studies also validated that miRNA could bind 
to the 3′UTR of mRNA [34]. In this paper, ADAM17 
was predicted to be a target of miR-324-3p by TargetS-
can7.2. ADAM17 was a key mediator of chemoresist-
ance in HCT116 cells, and its promoting effect on tumor 
growth was also discovered in previous research [35]. 
The deletion of ADAM17 specially reduced the secre-
tion of EMT-related cytokine in colon cancer [36]. Taken 
together, ADAM17 was an essential factor in regulating 
drug-resistance and cell metastasis of human cancer. In 
this study, ADAM17 could abolish the regulatory effects 
of MALAT1 deletion on Ox-sensitivity in Ox-resistant 
HCT116 and HCT8 cells. These findings indicated that 
ADAM17 functioned as a promotor in Ox-resistance 
in vitro.

Conclusion
In summary, high expression levels of MALAT1 and 
ADAM17, and low level of miR-324-3p were observed 
in Ox-resistant CRC tissues and cells. MALAT1 defi-
ciency could accelerate Ox-sensitivity in HCT116/OxR 
and HCT8/OxR cells, while miR-324-5p reduction or 
ADAM17 up regulation could reverse this effect. More 
importantly, MALAT1 exerted promotion effect on Ox-
resistance via miR-324-3p/ADAM17 axis in  vitro and 
in  vivo. MALAT1 might serve as a novel biomarker in 
Ox-resistant CRC patients. Nevertheless, the further 
explorations were needed in the further.
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Additional file 1: Fig. S1. MALAT1-miRNAs and miR-324-3p-mRNAs inter-
actions are predicted using StarBase and TargetScan7.2 software. (A) Dual-
luciferase reporter was detected to analyze the regulatory relationships 
between miRNAs and MALAT1. (B) Dual-luciferase reporter was detected 
to analyze the regulatory relationships between mRNAs and miR-324-3p. 
N = 3, *P < 0.05, **P < 0.01, ***P < 0.001.

Acknowledgements
None.

Authors’ contributions
CF and CZ conceived and designed the experiments; QY and GL performed 
the experiments, Funding acquisition; YZ and MY contributed reagents/

materials/analysis tools; QS wrote the paper. All authors read and approved 
the final manuscript.

Funding
None.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article.

Ethics approval and consent to participate
Tumor response was verified in accordance with the Response Evaluation 
Criteria in Solid Tumors (RECIST). Besides, written informed consents were 
gained from all participators based on the guidelines authorized by the Ethics 
Committee of Linyi Cancer Hospital. This experiment was performed accord-
ing to the guidelines of the National Animal Care and Ethics Institution and 
approved by the Animal Research Committee of Linyi Cancer Hospital.

Consent for publication
Informed consent was obtained from all patients.

Competing interests
The authors declare that they have no competing interests.

Received: 16 January 2020   Accepted: 9 September 2020

References
	1.	 Han D, Wang M, Ma N, Xu Y, Jiang Y, Gao X. Long noncoding RNAs: novel 

players in colorectal cancer. Cancer Lett. 2015;361(1):13–21.
	2.	 Li PL, Zhang X, Wang LL, Du LT, Yang YM, Li J, Wang CX. Micro-

RNA-218 is a prognostic indicator in colorectal cancer and enhances 
5-fluorouracil-induced apoptosis by targeting BIRC5. Carcinogenesis. 
2015;36(12):1484–93.

	3.	 Yang AD, Fan F, Camp ER, van Buren G, Liu W, Somcio R, Gray MJ, Cheng 
H, Hoff PM, Ellis LM. Chronic oxaliplatin resistance induces epithelial-to-
mesenchymal transition in colorectal cancer cell lines. Clin Cancer Res. 
2006;12(14 Pt 1):4147–53.

	4.	 Alberts SR, Horvath WL, Sternfeld WC, Goldberg RM, Mahoney MR, Dakhil 
SR, Levitt R, Rowland K, Nair S, Sargent DJ, et al. Oxaliplatin, fluorouracil, 
and leucovorin for patients with unresectable liver-only metastases from 
colorectal cancer: a North Central Cancer Treatment Group phase II study. 
J Clin Oncol. 2005;23(36):9243–9.

	5.	 Goldberg RM, Sargent DJ, Morton RF, Fuchs CS, Ramanathan RK, Wil-
liamson SK, Findlay BP, Pitot HC, Alberts SR. A randomized controlled trial 
of fluorouracil plus leucovorin, irinotecan, and oxaliplatin combinations 
in patients with previously untreated metastatic colorectal cancer. J Clin 
Oncol. 2004;22(1):23–30.

	6.	 Esteller M. Non-coding RNAs in human disease. Nat Rev Genet. 
2011;12(12):861–74.

	7.	 Quinn JJ, Chang HY. Unique features of long non-coding RNA biogenesis 
and function. Nat Rev Genet. 2016;17(1):47–62.

	8.	 Kornienko AE, Guenzl PM, Barlow DP, Pauler FM. Gene regulation by the 
act of long non-coding RNA transcription. BMC Biol. 2013;11:59.

	9.	 Tomasoni S, Benigni A. Post-transcriptional gene regulation makes things 
clearer in renal fibrosis. J Am Soc Nephrol. 2013;24(7):1026–8.

	10.	 Geisler S, Coller J. RNA in unexpected places: long non-coding 
RNA functions in diverse cellular contexts. Nat Rev Mol Cell Biol. 
2013;14(11):699–712.

	11.	 Schmitt AM, Chang HY. Long Noncoding RNAs in Cancer Pathways. 
Cancer Cell. 2016;29(4):452–63.

	12.	 Lin R, Maeda S, Liu C, Karin M, Edgington TS. A large noncoding RNA is a 
marker for murine hepatocellular carcinomas and a spectrum of human 
carcinomas. Oncogene. 2007;26(6):851–8.

	13.	 Guo F, Li Y, Liu Y, Wang J, Li Y, Li G. Inhibition of metastasis-associated 
lung adenocarcinoma transcript 1 in CaSki human cervical cancer cells 
suppresses cell proliferation and invasion. Acta Biochim Biophys Sin. 
2010;42(3):224–9.

https://doi.org/10.1186/s12935-020-01549-5
https://doi.org/10.1186/s12935-020-01549-5


Page 12 of 12Fan et al. Cancer Cell Int          (2020) 20:473 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	14.	 Tian X, Xu G. Clinical value of lncRNA MALAT1 as a prognostic marker 
in human cancer: systematic review and meta-analysis. BMJ Open. 
2015;5(9):e008653.

	15.	 YiRen H, YingCong Y, Sunwu Y, Keqin L, Xiaochun T, Senrui C, Ende C, 
XiZhou L, Yanfan C. Long noncoding RNA MALAT1 regulates autophagy 
associated chemoresistance via miR-23b-3p sequestration in gastric 
cancer. Molecular cancer. 2017;16(1):174.

	16.	 Ji Q, Zhang L, Liu X, Zhou L, Wang W, Han Z, Sui H, Tang Y, Wang Y, Liu 
N, et al. Long non-coding RNA MALAT1 promotes tumour growth 
and metastasis in colorectal cancer through binding to SFPQ and 
releasing oncogene PTBP2 from SFPQ/PTBP2 complex. Br J Cancer. 
2014;111(4):736–48.

	17.	 Li P, Zhang X, Wang H, Wang L, Liu T, Du L, Yang Y, Wang C. MALAT1 is 
associated with poor response to oxaliplatin-based chemotherapy in 
colorectal cancer patients and promotes chemoresistance through EZH2. 
Mol Cancer Ther. 2017;16(4):739–51.

	18.	 Zhang Y, Zheng L, Huang J, Gao F, Lin X, He L, Li D, Li Z, Ding Y, Chen 
L. MiR-124 Radiosensitizes human colorectal cancer cells by targeting 
PRRX1. PLoS ONE. 2014;9(4):e93917.

	19.	 Cortes-Sempere M, Ibanez de Caceres I. MicroRNAs as novel epigenetic 
biomarkers for human cancer. Clin Transl Oncol. 2011;13(6):357–62.

	20.	 Singh S, Chitkara D, Mehrazin R, Behrman SW, Wake RW, Mahato RI. 
Chemoresistance in prostate cancer cells is regulated by miRNAs and 
Hedgehog pathway. PLoS ONE. 2012;7(6):e40021.

	21.	 Xu J, Ai Q, Cao H, Liu Q. MiR-185-3p and miR-324-3p predict radiosensitiv-
ity of nasopharyngeal carcinoma and modulate cancer cell growth and 
apoptosis by targeting SMAD7. Med Sci Monit. 2015;21:2828–36.

	22.	 Li G, Liu Y, Su Z, Ren S, Zhu G, Tian Y, Qiu Y. MicroRNA-324-3p regulates 
nasopharyngeal carcinoma radioresistance by directly targeting WNT2B. 
Eur J Cancer. 2013;49(11):2596–607.

	23.	 Zhao Y, Liu Y, Lin L, Huang Q, He W, Zhang S, Dong S, Wen Z, Rao J, Liao 
W, et al. The lncRNA MACC1-AS1 promotes gastric cancer cell metabolic 
plasticity via AMPK/Lin28 mediated mRNA stability of MACC1. Mol Can-
cer. 2018;17(1):69.

	24.	 Dallas NA, Xia L, Fan F, Gray MJ, Gaur P, van Buren G, Samuel S, Kim MP, 
Lim SJ, Ellis LM. Chemoresistant colorectal cancer cells, the cancer stem 
cell phenotype, and increased sensitivity to insulin-like growth factor-I 
receptor inhibition. Cancer Res. 2009;69(5):1951–7.

	25.	 Ji P, Diederichs S, Wang W, Boing S, Metzger R, Schneider PM, Tidow N, 
Brandt B, Buerger H, Bulk E, et al. MALAT-1, a novel noncoding RNA, and 
thymosin beta4 predict metastasis and survival in early-stage non-small 
cell lung cancer. Oncogene. 2003;22(39):8031–41.

	26.	 Ji Q, Liu X, Fu X, Zhang L, Sui H, Zhou L, Sun J, Cai J, Qin J, Ren J, et al. 
Resveratrol inhibits invasion and metastasis of colorectal cancer cells 

via MALAT1 mediated Wnt/beta-catenin signal pathway. PLoS ONE. 
2013;8(11):e78700.

	27.	 Hirata H, Hinoda Y, Shahryari V, Deng G, Nakajima K, Tabatabai ZL, Ishii 
N, Dahiya R. Long noncoding RNA MALAT1 promotes aggressive renal 
cell carcinoma through Ezh2 and interacts with miR-205. Cancer Res. 
2015;75(7):1322–31.

	28.	 Zheng HT, Shi DB, Wang YW, Li XX, Xu Y, Tripathi P, Gu WL, Cai GX, Cai SJ. 
High expression of lncRNA MALAT1 suggests a biomarker of poor prog-
nosis in colorectal cancer. Int J Clin Exp Pathol. 2014;7(6):3174–81.

	29.	 Bartkova J, Horejsi Z, Koed K, Kramer A, Tort F, Zieger K, Guldberg P, 
Sehested M, Nesland JM, Lukas C, et al. DNA damage response as a 
candidate anti-cancer barrier in early human tumorigenesis. Nature. 
2005;434(7035):864–70.

	30.	 Ballantyne MD, McDonald RA, Baker AH. lncRNA/MicroRNA interactions in 
the vasculature. Clin Pharmacol Ther. 2016;99(5):494–501.

	31.	 Kuo WT, Yu SY, Li SC, Lam HC, Chang HT, Chen WS, Yeh CY, Hung SF, Liu 
TC, Wu T, et al. MicroRNA-324 in human cancer: miR-324-5p and miR-
324-3p have distinct biological functions in human cancer. Anticancer 
Res. 2016;36(10):5189–96.

	32.	 Zhang B, Zhou M, Zou L, Miao J, Wang Y, Li Y, Lu S, Yu J. Long non-
coding RNA LOXL1-AS1 acts as a ceRNA for miR-324-3p to contribute to 
cholangiocarcinoma progression via modulation of ATP-binding cassette 
transporter A1. Biochem Biophys Res Commun. 2019;513(4):827–33.

	33.	 Ba Z, Zhou Y, Yang Z, Xu J, Zhang X. miR-324-5p upregulation potentiates 
resistance to cisplatin by targeting FBXO11 signalling in non-small cell 
lung cancer cells. J Biochem. 2019;166(6):517–27.

	34.	 Muniategui A, Nogales-Cadenas R, Vazquez M, Aranguren XL, Agirre 
X, Luttun A, Prosper F, Pascual-Montano A, Rubio A. Quantification of 
miRNA-mRNA interactions. PLoS ONE. 2012;7(2):e30766.

	35.	 Kyula JN, Van Schaeybroeck S, Doherty J, Fenning CS, Longley DB, 
Johnston PG. Chemotherapy-induced activation of ADAM-17: a novel 
mechanism of drug resistance in colorectal cancer. Clin Cancer Res. 
2010;16(13):3378–89.

	36.	 Park GB, Chung YH, Kim D. 2-Deoxy-d-glucose suppresses the migration 
and reverses the drug resistance of colon cancer cells through ADAM 
expression regulation. Anticancer Drugs. 2017;28(4):410–20.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Long non-coding RNA MALAT1 regulates oxaliplatin-resistance via miR-324-3pADAM17 axis in colorectal cancer cells
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Highlights
	Background
	Materials and methods
	Clinical specimens and cell treatment
	Development of Ox-resistant cell lines
	Cell transfection
	Quantitative real-time polymerase chain reaction (qRT-PCR) assay
	Cell Counting Kit 8 (CCK-8)
	Transwell assay
	Flow cytometry assay
	Dual-luciferase reporter assay
	Western blot assay
	Xenograft tumor model
	Statistical analysis

	Results
	MALAT1 was up regulated in Ox-resistant CRC tissues and cells
	Knockdown of MALAT1 could augment Ox-sensitivity in HCT116OxR and HCT8OxR cells
	MiR-324-3p inhibitor overturned the repressive influence of MALAT1 silencing on the Ox-resistance of HCT116OxR and HCT8OxR cells
	ADAM17 was a target of miR-324-3p
	ADAM17 up regulation could abrogate the effect of MALAT1 reduction on the Ox-sensitivity in CRC cells
	MALAT1 silencing promoted Ox-sensitivity in xenograft tumor model

	Discussion
	Conclusion
	Acknowledgements
	References




