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ABSTRACT
Background: MicroRNA (miR) has been suggested in the development of several types of cancer; yet, 
the exact function of miR-4284 in colon cancer remains elusive.

Methods: MiR-4284 expression was assessed in normal colon cell line CCD-18Co, and HT-29 and 
SW480 cell lines representing human colon cancer. Potential target gene of miR-4284 was predicted 
using TargetScanHuman, and experimentally verified using luciferase report assay. Wound-healing, cell 
invasion and attachment were evaluated to determine the effect of miR-4284 on the migration, invasion, 
and metastatic properties of colon cancer cell lines. Expression of epithelial-mesenchymal transition (EMT) 
phenotypic protein hallmarks, including N-cadherin, E-cadherin, as well as Vimentin, was also evaluated.

Results: MiR-4284 was significantly decreased in colon cancer cell lines, and Perilipin 5 (PLIN5) 
was found to be directly targeted by miR-4284. Ectopic expression of miR-4284 significantly reduced 
endogenous expression level of PLIN5 in colon cancer cell lines, suppressing migration, invasion, and 
metastatic phenotypes. In addition, re-introducing miR-4284 reversed the expression profile of EMT 
markers.

Conclusion: Our findings for the first time identify miR-4284 as an anti-tumor miRNA in colon cancer, 
which acts to reduce PLIN5 and inhibit EMT, leading to inhibited colon cancer tumorigenesis. These 
results highlight the potential of miR-4284 as a therapeutic target in metastatic colon cancer.
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Introduction
  Owing to its lethality, colon cancer causes a significant 
number of human deaths across the globe. In 2017, 
approximately 0.1 million new colon cancer cases 
were reported in US alone (1). Generally, colon cancer 
treatment includes surgery, chemotherapy and/or 
radiotherapy (2). However, due to severe side effects of 
colon cancer chemotherapy, the life quality of the patients 
is badly impaired (3). Hence, identification of safer drugs 
and potent therapeutic targets may help to resolve the 

problem and enable the efficient management of colon 
cancer.
  MicroRNAs (miRNAs, miRs), a subset of non-coding 
RNAs that can target mRNAs with complementary 
sequences and result in translational degradation and/
or inhibition (4), are vital players in the proliferation, 
differentiation, and survival of cells. In 1993, a small 
RNA was discovered as the first miRNA, transcribed from 
the lin-4 locus of Caenorhabditis elegans (5). Seven years 
later, let-7, the first mammalian miRNA, was identified 
(6). Those two key findings sparked a number of genomic 
studies, which demonstrated extensive transcription of 
non-coding RNAs, including miRNAs (7, 8).
  The capacity of certain miRNAs to target several 
mRNAs critically modulated in disease states inspires 
promising therapeutic candidates (miRNA mimics) or
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targets (anti-miRs) (1, 9-11). In the context of colon 
cancer, one novel mature microRNA, miR-4284, has been 
seldom studied. While in other types of human cancers, 
miR-4284 is frequently involved. For instance, in gastric 
cancer, miR-4284 was found to promote tumorigenicity 
by targeting ten-eleven translocation 1 (12). Up-regulating 
miR-4284 in human glioblastoma could inhibit the viability 
and induce apoptosis of cancer stem-like cells (13). In clear 
cell papillary renal cell carcinoma, miR-4284 was shown 
to be one of the down-regulated miRNAs in a miRNA 
profiling study (14). Of interest to our study, recently in a 
similar miRNA profiling investigation among a panel of 
radioresistant prostate cancer cells, miR-4284 was among 
the most significantly dysregulated miRNAs (15).
  In the present study, we sought to uncover the function 
of miR-4284 in human colon cancer and elucidate its 
potential molecular target, as well as the signaling 
pathway(s) involved in its action.

Materials and Methods
Cell lines
  HT-29 and SW480 cells (both human colon cancer cell 
lines), and CCD-18Co cells (a human normal colon cell 
line) were acquired from the American Type Culture 
Collection (ATCC). Cells were maintained in complete 
RPMI-1640 medium (Hyclone; GE Healthcare) with 10% 
fetal bovine serum (FBS; Gibco), 100 U/ml penicillin 
and 100 μg/ml streptomycin, at 37 °C in a humidified 
atmosphere containing 5% CO2.

MicroRNA assays
  mirVana miRNA negative control (4464061) and hsa-
miR-4284 mirVana miRNA mimic (MC17194) were both 
purchased from Thermo Fisher Scientific (Waltham, MA, 
USA). Transfection of cells was conducted according to 
the provided protocols. Following transfection, cultures 
were kept for another 48 h before any further experiment.

Luciferase reporter assay
  The potential miR-4284 binding site at the 3’-untranslated 
region (3’-UTR) of Perilipin 5 (PLIN5) was inserted at the 
downstream of the firefly luciferase open reading frame 
(ORF) driven by a CMV promoter in a pCMV-Firefly 
Luc vector (16156; Thermo Fisher Scientific). Luciferase 
construct containing mutated 3’-UTR was prepared with 
a standard overlap-extension protocol. To determine the 
luciferase activity, HT-29 or SW480 cells in a 24-well 
plate (5 × 104 per well) were co-transfected with 200 ng 

of wild-type or mutant luciferase constructs, and 400 ng 
of hsa-miR-4284 or negative control, using Lipofectamine 
2000 (Invitrogen). After 48 h, cells were harvested and 
assessed using the Luc-Screen Extended-Glow Luciferase 
Reporter Gene Assay System (Thermo Fisher Scientific), 
following provided protocols.

RNA extraction and quantitative real time polymerase 
chain reaction (qRT-PCR)
  Extraction of total mRNA was performed with mirVana 
miRNA Isolation Kit (Thermo Fisher Scientific). The miR-
4284 expression level was assessed by miRNA-specific 
TaqMan Pri-miRNA Assay (Hs04227316_pri; Thermo 
Fisher Scientific) and normalized by RNU48 Control 
miRNA Assay (001006; Thermo Fisher Scientific). 1 μg 
of total RNA was prepared for reverse-transcription using 
Superscript II First-Strand Synthesis kit (Thermo Fisher 
Scientific) at the manufacturer’s recommendation. Levels 
of GAPDH mRNA were used for normalization. Primers 
used in the current study are presented in Table 1.

Western blot
  Cells were plated in 6-well plates at 1×106 cells/well 
density with 2 ml completed RPMI-1640 medium. 24 h 
following transfection with hsa-miR-4284 or negative 
control, total protein was prepared with RIPA buffer (150 
mM NaCl, 50 mM Tris-HCl pH 7.4, 1 mM EDTA, 1% 
sodium deoxycholate, 1% Triton X-100, 0.1% sodium 
dodecyl sulfate (SDS), and protease inhibitors). Protein 
quantity was assessed by the BCA assay. Proteins of 
equal amounts were resolved using SDS-PAGE and then 
transferred onto a nitrocellulose membrane with the 
semi-dry transfer unit (Bio-Rad Laboratories). Next, the 
membrane was incubated in blocking buffer (phosphate 
buffer saline (PBS) plus 0.1% Tween-20) with 5% nonfat 
milk for 20 min, followed by hybridization with primary 
antibodies at 4 °C overnight. Primary antibody against 
PLIN5 was purchased from Proteintech (#26951-1-AP; 
Wuhan, China), antibodies against N-cadherin (ab18203), 
E-cadherin (ab76055), Vimentin (ab92547), and GAPDH 
(ab181602) were all commercially available from Abcam 
(Cambridge, MA, USA). After washes in blocking buffer, 
membranes were hybridized with HRP-conjugated 
secondary antibody (Thermo Fisher Scientific) for 1 h at 
ambient temperature before visualization with Luminata 
Forte Western HRP Substrate (EMD Millipore).

Wound-healing assay
  Cells (1×105) transfected with hsa-miR-4284 or miRNA

Gene Sense (5’ to 3’) Antisense (5’ to 3’)

PLIN5 AAGGCCCTGAAGTGGGTTC GCATGTGGTCTATCAGCTCCA

TGF-β GGCGATACCTCAGCAACCG CTAAGGCGAAAGCCCTCAAT

GAPDH CAGCCTCAAGATCATCAGCA TGTGGTCATGAGTCCTTCCA

Table 1. Primers used for RT-PCR.
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negative control were seeded into 6-well plate post 
transfection. A linear cut was generated cautiously 
across the confluent monolayer cells with the tip of a 
100 μl sterile pipette, after which gentle washes of PBS 
were performed to remove the debris. Migration was 
quantitated as the distance the growing edge moved on the 
wounded monolayer after 36 h, and migration rates were 
calculated as the percentages relative to the appropriate 
control.

Cell invasion assay
  Cell invasion assay was conducted using a 24-well plate 
with chamber inserts (pore size: 8 μm, BD Biosciences). 
The hsa-miR-4284- or miRNA negative control- 
transfected cells (1×105 per well, diluted with serum-
free culture medium) were fed into the upper chambers 
with membranes coated with Matrigel. The lower 
compartments received 500 μl complete medium per 
well to attract cells. The cultures were maintained in the 
incubator at 37 °C for 24 h, and afterwards treated with 20 
μM 5-ethynyl-2’-deoxyuridine (EdU) at 37 °C for another 
4 h. Membrane inserts were then detached for staining 
with the EdU kit (Invitrogen). For each well, six random 
microscopic fields were counted, and the percentage 
of cell numbers relative to the appropriate control was 
calculated as the invasion rate.

Cell attachment and detachment assay
  The cells (1×105 cells per well) were plated in a 24-well 
plate. In brief, to assess cell attachment, non-attached cells 
were removed by two washes with PBS after incubation for 
1 h, and the cells that remained attached were trypsinized 

for counting. The attachment rate was calculated as the 
percentage of attached cells in total cells and normalized to 
the appropriate control. To assess detachment, cells were 
cultured for 24 h and then treated with 0.05% trypsin for 3 
min to be detached and counted. The remaining cells still 
attached were further trypsinized with 0.25% trypsin for 
counting. The percentage of detached cells in total cells 
was defined as the detachment rate, normalized to the 
appropriate control.

Statistical analysis
  All values were expressed as means ± standard deviations 
(SDs). Two-tailed student’s t-test was employed to 
examine statistical differences between treatment groups. 
Differences were regarded as statistically significant with 
p less than 0.05.

Results
MiR-4284 is down-regulated in colon cancer cell lines
  First, with qRT-PCR evaluation of miR-4284 expression 
in human colon cancer cell lines HT-29 and SW480, we 
discovered that miR-4284 is markedly lower compared to 
its levels in the normal colon cell line CCD-18Co (Figure 
1A). Next, using the TargenScanHuman webtool (16), we 
identified that the 3’-UTR of PLIN5 mRNA harbored a 
putative binding site complementary to miR-4284 (Figure 
1B). These findings indicated that miR-4284, which may 
target PLIN5, was substantially suppressed in colon cancer 
cells in comparison with normal human colon cells.

Figure 1. MiR-4284 expression is reduced in colon cancer cells, and directly targets 3’-UTR of PLIN5. (A) MiR-4284 levels in 
normal human colon cell line CCD-18Co compared with HT-29 and SW480 cells. (B) Sequences of putative miR-4284 binding sites 
on the 3’-UTR of PLIN5. (C) Schematics of luciferase reporter constructs: top, wild type (WT) luciferase construct (WT-Luci) contains 
original putative binding site from PLIN5 3’-UTR; bottom, mutated version (MT-Luci). (D) WT and mutated luciferase constructs along 
with either miR-4284 or miRNA negative control were transfected into HT-29 and SW480 cells. Luciferase activity was presented as 
relative to respective negative control. Values were mean ± SD of 3 independent biological replicates; ** P < 0.01, * P < 0.05, compared 
to respective control.
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MiR-4284 directly binds to the 3’-UTR of PLIN5
  Next, we carried out validation of the putative miR-
4284binding motif on the 3’-UTR of PLIN5, employing 
the luciferase reporter assay. As demonstrated in Figure 
1C, sequence from wild-type (WT-Luci) 3’-UTR of 
PLIN5 mRNA was constructed to the downstream of 
luciferase ORF, as well as its mutated version (mut-Luci). 
Then, these two constructs were transfected separately 
into both HT-29 and SW480 cells, along with miR-4284 
mimic or miRNA negative control. The activity of the 
luciferase reporter was examined. It was consistently 
observed that activity of WT-Luci was dramatically 
reduced by miR-4284 to ~ 30% of the control, in both 
HT-29 and SW480 cells (Figure 1D). Whereas activity 
of mut-Luci remained mostly unaffected in miR-4284 
transfected cells when compared to the control. Therefore, 
the complementary sequence within PLIN5 3’-UTR was 

Figure 2. MiR-4284 mimic elevates miR-4284 expression in colon cancer cells. (A) PLIN5 mRNA levels in normal human colon cell 
line CCD-18Co compared with HT-29 and SW480 cells. (B) Relative miR-4284 levels in HT-29 and SW480 cells after transfection with 
either miR-4284 mimic or miRNA negative control. Values were mean ± SD of 3 independent biological replicates; ** P < 0.01, * P < 0.05, 
compared to negative control.

indeed directly targeted by miR-4284.

MiR-4284 inhibits PLIN5 expression in colon cancer cells
  Next, we tested whether miR-4284 indeed targets PLIN5 
in vivo. Endogenous PLIN5 mRNA level in normal human 
colon cell line CCD-18Co was found to be up-regulated 
compared with that in HT-29 and SW480 cells (Figure 
2A). Next, both HT-29 and SW480 cells were transfected 
with miR-4284 as well as negative control, followed 
by qRT-PCR to assess the transcript level of PLIN5. 
Levels of miR-4284 in HT-29 and SW480 cells were, as 
expected, highly up-regulated upon transfection (Figure 
2B). In comparison with the control, miR-4284 greatly 
reduced PLIN5 mRNA levels in both lines of colon cancer 
cells (Figure 3A), evidently demonstrating that PLIN5 
was a bona fide target of miR-4284. With antibody against 
PLIN5, we verified that PLIN5 protein was drastically 

Figure 3. PLIN5 is down-regulated by miR-4284 expression in colon cancer cell lines. Levels of PLIN5 mRNA (A) and protein 
(B) in HT-29 and SW480 cells transfected with either miR-4284 or miRNA negative control. Values were mean ± SD of 3 independent 
biological replicates; * P < 0.05, compared to negative control.
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decreased as well in cells transfected with miR-4284, but 
not the negative control (Figure 3B).

MiR-4284 inhibits migration and invasion of colon 
cancer cells
  In order to elucidate the role of miR-4284 in colon 
cancer tumorigenesis, we evaluated the wound-healing 
capacity and the invasive properties of miR-4284 or 
control miRNA transfected HT-29 and SW480 cells. 
Indeed, the migration rates of both cell lines were greatly 
reduced after miR-4284 transfection in comparison to 
control experiments (Figure 4A and 4B). Further, miR-
4284 transfection also lowered the invasion rates of both 
HT-29 and SW480 cells (Figure 4C and 4D). Altogether, 
these data strongly indicated the anti-tumor property of 
miR-4284 in colon cancer.

MiR-4284 reverses the epithelial-mesenchymal 
transition (EMT) of colon cancer cells
  As we were performing the aforementioned assays, 
we frequently observed morphological changes in cells 
when they were transfected with miR-4284. Both HT-
29 and SW480 cells originally displayed an elongated 
fibroblastoid morphology; however, upon miR-4284 
transfection both lines of cells assumed a rounded cell 
shape (data not shown), which suggested a loss of EMT 

phenotype. To examine this possibility, we assessed 
attachment and detachment capacities of both lines of 
colon cancer cells following transfection with miR-
4284 or the negative control. We found that miR-4284 
dramatically lowered both attachment and detachment 
rates of HT-29 and SW480 cells (Figure 5A  and 
5B). These findings indicated an inhibition of EMT 
characteristics at the level of cell morphology. We further 
assessed if the same trend still held at the molecular 
level. In this context, we examined the transcript levels of 
E-cadherin (epithelial marker), N-cadherin and Vimentin 
(both mesenchymal markers). Consistently, miR-4284 
reduced E-cadherin, while up-regulated N-cadherin and 
Vimentin, in comparison with control transfected cells 
(Figure 5C), suggesting reversed EMT phenotype at the 
protein level.

Discussion
  In our current study, we showed that miR-4284 was 
suppressed in HT-29 and SW480 cells, both human colon 
cancer cell lines, with CCD-18Co cells (normal colon 
cell line) as the control. Interestingly, through in silico 
analysis, we found a putative binding site of miR-4284 on 
the 3’-UTR of PLIN5 mRNA. Through luciferase reporter 
assay, we determined that the 3’-UTR sequence was 
directly targeted by miR-4284. Moreover, introduction of  

Figure 4. MiR-4284 expression suppresses migration and invasion of colon cancer cells. (A) Wound-healing assay for HT-29 and 
SW480 cells, transfected with either miR-4284 or negative control. (B) The migrated distances relative to respective controls at 36 h 
after the wound being generated were measured. (C) Cell invasion assay for HT-29 and SW480 cells, transfected with either miR-4284 
or miRNA negative control. (D) The amounts of invaded cells relative to the respective control were calculated 24 h after seeding. Values 
were mean ± SD of 3 independent biological replicates; ** P < 0.01, * P < 0.05, compared with negative control.
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miR-4284 into HT-29 and SW480 cells down-regulated 
PLIN5 at both transcript and protein levels, indicating that 
PLIN5 was repressed by miR-4284 in vivo. Further, miR-
4284 expression dramatically inhibited the migratory and 
invasive activities of colon cancer cells, likely through 
reverse of EMT, as indicated by a substantial reduction in 
E-cadherin expression (epithelial marker) and an elevation 
in the expression of N-cadherin as well as Vimentin (both 
mesenchymal markers).
  EMT refers to the vital process for differentiated 
epithelial cells to change status, acquiring the capacity to 
invade, resist apoptosis, and disseminate, which eventually 
leads to metastasis formation (17, 18). MiRNAs are 
frequently associated with the EMT of multiple human 
cancers, colon cancer included, by altered expression of 
tumor suppressor genes or oncogenes (19). For instance, 
in lung cancer, miR-134/487b/665 cluster affects EMT 
mediated by transforming growth factor-β (TGF-β) 
via membrane associated guanylate kinase inverted 2 
(MAGI2) (20). In addition, in breast cancer miR-125b/489 
reportedly regulates EMT (21, 22). Down-regulated miR-
200c contributes to epidermal growth factor receptor 
(EGFR) inhibitor resistance through manifestation of EMT 
features (23). Further, miR-216a/217 was demonstrated to 
target SMAD7 and PTEN to induce EMT in liver cancer 
(24).
  A recent study has identified co-regulated miRNAs with 
the potential to cooperate during the EMT process, by 
combined computational and experimental approaches 
(25). This study reported that miRNAs could serve as a 
secondary regulatory layer post transcription, enhancing 
transcriptional modulations on EMT-associated processes 
(i.e., cell-adhesion or organization of extracellular matrix) 
while at the same time dampening transcriptional impacts 
on irrelevant genes. This discovery raises significant 
concern over the function of miRNAs in the metastasis of 
cancer. In line with this recent discovery, we hereby report 
that a novel miR-4284 is significantly down-regulated 
and directly targets PLIN5 to inhibit the EMT process 
in colon cancer cells. Ectopic expression of miR-4284 
dramatically reduced endogenous PLIN5 mRNA and 
protein. In addition, miR-4284 also functioned to suppress 

the migration, invasion and EMT of colon cancer cells.
PLIN5 belongs to the PAT (perilipin, adipophilin and 
TIP47) family of amphiphilic proteins, the main structural 
proteins associated with lipid droplet fractions (26). To 
date, the major function of PLIN5 is mainly to maintain 
lipid homeostasis by inhibiting lipolysis (27), and report 
on the involvement of PLIN5 in human cancer is limited. 
A recent investigation found that PLIN5 was robustly 
expressed in tumors of human patients with hepatocellular 
carcinoma (28). Results of our current study have brought 
this discovery one step further, by identifying its upstream 
regulator, miR-4284, whose expression directly suppresses 
PLIN5 in colon cancer cells. Our future study will focus 
on verifying the involvement of PLIN5 in colon cancer 
using an animal model in vivo.
  In summary, this study presented the first data involving 
miR-4284 and PLIN5 in colon cancer EMT. EMT is 
commonly believed to correlate with the aggressiveness 
of cancer cells, for instance capacities to migrate and 
invade, hence reverse or inhibition of such transition may 
inspire new therapeutic strategies for cancer treatments. 
To this end, we discovered that miR-4284 reversed the 
EMT of colon cancer cell lines HT-29 and SW480, which 
was likely the reason miR-4284 could potently inhibit 
the migratory and invasive activities of colon cancer 
cells. Hence, our results highlight the potential of miR-
4284 as a promising target in colon cancer treatment, via 
inhibiting the expression of PLIN5 and EMT process of 
colon cancer cells.
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Figure 5. MiR-4284 inhibits epithelial-mesenchymal transition (EMT) of colon cancer cells. (A) Cell attachment and (B) detachment 
assays were conducted in HT-29 and SW480 cells transfected with either miR-4284 or miRNA negative control. Values were mean ± SD 
of 3 independent biological replicates; ** P < 0.01, * P < 0.05, compared to negative control. (C) Expression of EMT phenotypic proteins 
was assessed in HT-29 and SW480 cells transfected with either miR-4284 or miRNA negative control.
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