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Background: The serious side effect of current conventional treatments for patients with
metastatic colorectal cancer (CRC) highlights the requirement of an alternative treatment
strategy. Natural compounds, such as curcumin, have been gained much attention due to its
low toxicity and anti-tumor effect.

Methods: qPCR and Western blot were used to measure the molecular changes induced by
curcumin. Wound-healing assay and transwell assay were conducted to study the effect on
cell migration and invasion. RT' PCR array was performed to identify the miRNAs involved
in curcumin-repressed EMT. Three algorithms and luciferase reporter assay were used to
identify EPMS as a target of miR-200c. The bioinformatical analysis of TCGA-COAD and
other CRC cohorts were used to examine the association of EPM5 with EMT signatures and
clinical relevance. The ectopic expression or siRNA-mediated knockdown of EPMS5 was
applied to study the role of EPMS5 in CRC.

Results: Treatment with curcumin changed the epithelial-mesenchymal transition (EMT)-
related gene expression, repressed cell migration and invasion in CRC cells. Its anti-tumor
capability required the upregulation of miR-200c. EPMS5 was a direct target of miR-200c and
enriched in the consensus molecular subtype (CMS) 4 of CRC. Ectopic expression of EPM5
alone was sufficient to induce EMT in CRC. Downregulation of EPMS5 was necessary for
curcumin-repressed EMT, migration, and invasion. Higher expression of EPM5 was asso-
ciated with the advanced TNM stages and poor survival in CRC.

Conclusion: Our data provide the first evidence that the curcumin inhibits EMT in CRC by
upregulation of miR-200c and downregulation of EPMS5, and the use of curcumin might be
able to prevent or delay CRC progression.
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Introduction
Metastasis, which is defined as the spread of tumor cells from the primary sites to a
second part within the patients, is the major cause of death in colorectal cancer
(CRC)."? Despite the tremendous advances achieved in the past years, there is a
paucity of effective treatment for patients with metastatic CRC tumors.® Thus, a
better understanding of the underlying metastasis mechanism and novel compounds
was urgently needed for proposing an effective treatment strategy.*
Epithelial-mesenchymal transition (EMT) has been considered as a key metastatic
step, which is associated with poor prognosis in CRC.>® EMT is a complex process
including the dissolution of cell-cell junction and loss of apicobasolateral polarity,
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which resulted in the formation of migratory mesenchymal
cells with invasive properties.”® The decrease of E-cadherin
expression and increase of VIM is generally accepted as a
hallmark of the EMT process regulated by various transcrip-
tional factors, such as ZEB1, ZEB2, TWIST, SLUG and
SNAIL.’" In addition to these EMT transcriptional factors
(EMT-TFs), recent evidence showed that microRNAs
(miRNAs) are also critical for EMT regulation.6’8 For
instance, miRNAs from the miR-200 family repress EMT
by directly targeting and downregulating ZEB1/ZEB1/
SNAIL/SLUG via miR-200-binding sites located within
their 3'UTRs, resulting in enhanced E-cadherin expression
and inhibition of cancer cell migration and motility.'*'* On
the contrary, theses EMT-TFs bind directly to the common
promoter regions of the miR-200c family and cause tran-
scriptional repression.'> Therefore, the balance between
miR-200c and EMT-TFs determines, at least in part, the
status of epithelial or mesenchymal phenotype.'®

Curcumin, a naturally occurring polyphenolic com-
pound from Curcuma longa, has long been expected to
be a therapeutic or preventive agent for several major
human diseases due to its non-toxic and various therapeu-
tic properties including anti-tumor activity.'”"'® Curcumin
exhibits anticancer activities through its effects on differ-
ent biological pathways involved in the repression of
oncogene expression and induction of cell cycle arrest.'**°
Recently, Ni et al reported that a curcumin analog
demethoxycurcumin inhibited EMT in prostate cancer
cells,21 which raised our concern that whether the use of
curcumin alone will suppress EMT in CRC.

In the present study, we showed that the curcumin
repressed EMT, migration, and invasion in CRC through
induction of tumor suppressor miR-200c. Moreover, we
identified that the EPMS5 was a direct target of miR-200c.
The dysregulation of miR-200c/EPMS5 was required for
curcumin-repressed EMT. The elevated expression of
EPMS5 was associated with the advanced TNM stage and
poor survival rate of CRC patients.

Materials and Methods

Cell Culture and Materials

Human-derived colorectal cancer cell lines SW620 and HT29
were obtained from the American Type Culture Collection
(ATCC). Both cell lines were cultured in Dulbecco’s Modified
Eagle Medium (DMEM, GIBCO, Gaithersburg, MD, USA)
supplemented with 10% fetal bovine serum (GIBCO,
MD, USA)

Gaithersburg, and penicillin/streptomycin

(Sigma-Aldrich) at 37°C with an atmosphere of 5% CO2 in
humidified air. Curcumin was purchased from Sigma-Aldrich
and dissolved in DMSO. The concentration of DMSO in the
final working solution was below 0.05%. HMI0353-
MISSION® microRNA Mimic from Sigma-Aldrich was
used as a miR-200c mimic.

Western Blot

Cells were harvested by RIPA buffer and the whole-cell
protein was subsequently extracted by centrifugation at 4°C
for 30 minutes. BCA Protein Assay Kit (ab102536,
ABCAM) was used to measure the concentration of protein
in each sample. 50 pg of protein was loaded in the 10% or
12% SDS-PAGE gels and transferred to polyvinylidene fluor-
ide membranes. After blocking in 5% milk in Tris-buffered
saline—Tween (TBST), membranes were incubated with pri-
mary antibodies overnight at 4°C. The following antibodies
were used in this study: ZEB1 (D80D3) Rabbit mAb #3396;
ZEB2 (E6U7Z) Rabbit mAb #97885; Snail (C15D3) Rabbit
mADb #3879; Slug (C19G7) Rabbit mAb #9585; E-Cadherin
(24E10) Rabbit mAb #3195; Vimentin (D21H3) XP® Rabbit
mAD #5741; B-Actin (13ES) Rabbit mAb #4970.

RNA Extraction and qPCR

Total RNA was isolated from cells using the RNeasy Mini
Kit (Cat No./ID: 74104, QIAGEN) and miRNA kit (Omega
Bio-tek, Inc, Guangzhou, China) respectively followed by
complementary DNA synthesis with 2 ng of total RNA.
Real-time quantitative PCR (qRT-PCR) was performed in
triplicate in a 96-well plate containing 1 pL of synthesized
cDNA by the use of a QuantiNova™ SYBR Green PCR Kit
(Qiagen, Germany). The primer sequences used for PCR
were as follows: VIM, forward: TACAGGAAGCTGC
TGGAAGG, reverse: ACCAGAGGGAGTGAATCCAG;
CDH]1, forward: CCCGGGACAACGTTTATTAC, reverse:
GCTGGCTCAAGTCAAAGTCC; SNAIL, forward: GCAC
ATCCGAAGCCACAC, reverse: GGAGAAGGTCCGAG
CACAC; ZEBI, forward: TCAAAAGGAAGTCAATGG
ACAA, GTGCAGGAGGGACCTCTTTA. The
relative gene expression was analyzed by the 2(-Delta
Delta C(T)) Method.*?

Treverse:

RT? Polymerase Chain Reaction (PCR)

Arrays

miRNA profiling was performed with miScript miRNA
PCR array human miRNome from Qiagen (Qiagen,
Valencia, CA). Total RNA was extracted from cells with
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or without curcumin treatment. cDNA was prepared as
mentioned in RNA extraction and gPCR. The cDNA was
mixed with RT1 qPCR master mix supplied by the manu-
facturer and real-time PCR was performed in a 96-well
plate format. The reaction cycle as follows: 15 min at 95 °
C and 40 cycles of 15 s at 94 °C, 30 s at 60 °C, and 30 s at
72 °C. Data were automatically analyzed by the online
RT' Profiler PCR Array Data Analysis Software ver-
sion 3.5.

Bioinformatic Analysis

The potential targets of miR-200c were identified by 3 algo-
rithms (TargetScan, Diana Tools, miRDB). TCGA data (gene
expression data, miRNA expression data, and clinical data)
was downloaded from The Cancer Genome Atlas Program
(https://portal.gdc.cancer.gov/).”> GSE17536 and GSE37892
were obtained from NCBI GEO (www.ncbi.nlm.nih.gov/geo).
The R package (CMScaller) was applied for CMS classifica-
tion of TCGA data.>* Pearson was performed for analysis of
the correlation coefficient between EPM5 and EMT transcrip-
tion factors. Gene Set Enrichment Analysis (GSEA) was
performed on pre-ranked gene lists based on expression cor-
relation coefficients (Pearson) with EPM5 by the GSEA
software.”’

Wound-Healing Assay

The Culture-Insert (IBIDI) was used to generated scratch 2
hours after the addition of Mitomycin C (10 ng/mL) in the
cell medium. To remove Mitomycin C and detached cells,
cells were washed twice with cold PBS and culture med-
ium was added. Subsequently, cells were cultured and
allowed to close the wound for 24 hours and images
were captured on a microscope. Rate of migration was
calculated by the following formula: Ry~ (W-Wp/t (R
Rate of cell migration; W;: Initial wound width; Wy Final
wound width; t = duration of migration).

Migration and Invasion Assay by Transwell
Cells were starved with serum-free medium 1 day before.
For migration assay, 3x10° cells were seeded directly in
the upper chamber in a serum-free medium. For invasion
assay, the upper chambers of the transwell were coated
with Matrigel, and 5x10° cells were seeded on the
Matrigel. 10% FBS was used as a chemoattractant in the
lower chamber. After culture for 24 hours, cells at the top
of the upper chamber were removed and cells in the lower
chamber were fixed with 4% PFA, followed by staining

with crystal violet. The stained cells were counted with
microscopy, at least 6 fields each well were analyzed.

Mice Xenograft

SW620 cells were treated with DMSO or curcumin for 72
hours, subsequently were injected to severe combined
immunodeficient (SCID) mice through the tail vein (1 x
10° cells per mouse, 6 mice each group). After 6 weeks of
the injection, mice were sacrificed and the lungs were
taken out. The lungs were fixed in formaldehyde and
stained by hematoxylin-eosin. The micro-metastasis

tumors were counted by microscopy.

Luciferase Reporter Assay

The Dual-Luciferase Reporter Assay System (Promega)
was used for the reporter activation determination strictly
according to the manufacture’s instruction.”® Briefly. Cells
were harvested and lysed for 20 minutes at room tempera-
ture by passive lysis buffer. The cell debris was removed
after centrifugation, while the supernatant was further
used. For analysis of the reporter activity of miR-200c
mimic on the wild type or mutated EPM5 3'UTR, both
were cloned into a Luc-expressing pGL3 vector. The
activity of luciferase was normalized to the Renilla signal
to control for differences in transfection efficiency.

Statistical Analysis

The statistics for Kaplan-Meier survival curves were cal-
culated by the Log rank test. A two-tailed Student’s #-test
was performed for the calculation of the difference
between two groups. A one-way analysis of variance fol-
lowed by a Tukey multiple comparisons post hoc test was
used for comparison of multiple groups. Pearson’s correla-
tion was applied to the mRNA expression correlation
analysis. qPCR, migration, and invasion data were
expressed as mean = SD. Calculations were performed
using Prism8. p-values < 0.05 were considered as signifi-
cant. * < 0.05; ** < 0.01; *** < 0.001; **** < (0.0001.

Results
Curcumin Suppresses EMT, Migration,

and Invasion in CRC

To investigate the potential role of curcumin in colorectal
cancer cell metastasis, the mesenchymal-like CRC cell line
SW620 was treated with DMSO or curcumin for 48 or 72
hours, and the EMT-related genes were subsequently eval-
uvated. The EMT-inducing transcriptional factor SNAIL,
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SLUG, ZEBI1, and ZEB2 were significantly decreased,
accompanied by a downregulation of mesenchymal marker

gene Vimentin (Figure 1A and B). In contrast, the epithe-

lial marker gene CDH1 was upregulated. Accordingly, the

protein analysis revealed the same pattern (Figure 1C).
However, another two EMT-TFs, TWIST1 and TWIST2,
were not changed after curcumin treatment (data not

shown). A control group without treatment excluded the
possibility that DMSO influences EMT in CRC cells.

It has been well-accepted that EMT is related to cell
migration and invasion, which directly contribute to tumor
metastasis.>’ To study the function of curcumin on cell
migration and invasion, the “wound healing” and transwell
assay were performed. Treatment with curcumin slowed
the “wound” close compared with the DMSO group
(Figure 1D). Transwell assay showed that the number of
migrated cells was decreased after curcumin treatment
(Figure 1E). By using transwell containing matrigel, a
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Figure | Curcumin repressed EMT in CRC cells. (A) qPCR analysis of indicated EMT-inducing transcriptional factors in SW620 cells 48 hours after treated with either
DMSO or curcumin. (B) qPCR analysis of mesenchymal marker Vimentin and epithelial marker CDHI in SW620 cells after treated with either DMSO or curcumin. (C)
Western blot analysis of indicated proteins in SW620 cells 72 hours after treatment. (D) Wound-healing assay of SW620 cells treated as indicated. (E, F) Migration (E), or
invasion (F) assay performed in SW620 cells. Cells were stained with crystal violet. (G) SW620 cells were treated as indicated and subsequently injected into the tail vein of
SCID mice. Left: Representative examples of the hematoxylin and eosin staining of the resected lungs are shown. Right: Quantification of metastatic tumor nodules in the
lung per mouse 6 weeks after tail-vein injection. In panels A, B, D, E, F and G, results were expressed as mean * SD. * < 0.05; *** < 0.001.

Abbreviations: CRC, colorectal cancer; DMSO, Dimethyl sulfoxide; EMT, epithelial-mesenchymal transition; qPCR, quantitative polymerase chain reaction; SCID, severe
combined immune deficient.
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downregulation in the number of invasive cells was
observed (Figure 1F). Moreover, mice injected with cur-
cumin-treated SW620 cells had more tumor formations,
compared with mice injected with DMSO-treated cells
(Figure 1G). Taken together, these results indicated that
the curcumin could suppress EMT, migration, and invasion
in CRC cells.

miR-200c Was Induced by Curcumin

EMT is considered as a response to the combination of
extracellular signaling, in which a number of molecules
were involved, such as microRNA family.?*2° To address
whether the curcumin-repressed EMT was due to the
upregulation of tumor-suppressive miRNAs, a miRNA
array containing 90 miRNAs was performed. Therefore,
three miRNAs were upregulated, whereas one miRNA was
downregulated in SW620 cells after curcumin treatment
(Figure 2A-C). To verify the observation of miRNA array,
the mature miR-210, let-7, miR-218, and miR-200c were
analyzed by qPCR (Figure 2D). The miR-200c, which
represents a tumor suppressor, was significantly upregu-
lated by curcumin, suggesting that the miR-200c was a
potential regulator in curcumin-repressed EMT. Since
miR-200c belongs to the miR-200 family, we further
checked the other members (miR-200a, —200b, —200c,
—141, —429) of the miR-200 family in SW620 cells after
curcumin treatments. However, these four miRNAs were

not induced by curcumin (Supplementary Figure la).

Therefore, we chose miR-200c for further study.

Upregulation of miR-200c Was Required
for Curcumin-Repressed EMT

In order to further study the role of miR-200c in the curcu-
min-regulated EMT, a miR-200c mimic was transfected to
SW620 cells. As expected, SNAIL, SLUG, ZEB1, and VIM
were largely downregulated, whereas the CDH1 was upre-
gulated by overexpression of miR-200c (Figure 3A).
Accordingly, cell migration and invasion capabilities were
decreased by ectopic miR-200c (Figure 3B). Moreover, after
the endogenous miR-200c in an epithelial-like CRC cell line
HT29 was neutralized by antagomiR miR-200c, an upregu-
lation of SNAIL, SLUG, ZEB1, and VIM, as well as a
downregulation of CDHI1 (Figure 3C), were observed.
Furthermore, the neutralization of miR-200¢ in curcumin-
treated SW620 cells dramatically prevented the decrease of
EMT markers repressed by curcumin, suggesting that the
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Figure 2 miR-200c was induced by curcumin. (A) Heatmap of miRNA PCR array
results performed in SW620 cells treated with DMSO or curcumin. Data were
normalized in row. Red denotes low expression levels, whereas green denotes low
expression levels. (B, C) Volcano plot (B) and scatter plot (C) of miRNA PCR
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Abbreviations: DMSO, Dimethyl sulfoxide; miRNA, microRNA; PCR, polymerase
chain reaction; qPCR, quantitative polymerase chain reaction.

upregulation of miR-200c was required for curcumin-
repressed EMT (Figure 3D).

EPMS5 is a Direct Target of miR-200c

To figure out which gene was the downstream mediator or
effector involved in the curcumin/miR-200c cascade, we iden-
tified EPMS as a potential target of miR-200c. qPCR analysis
showed that EPM5 was downregulated in SW620 cells after
curcumin treatment (Figure 4A). Analysis of the TCGA data-
base with 461 primary CRC tumor samples indicated an
inverse correlation between EPMS5 and mature miR-200c
(Figure 4B). Moreover, the inspection of the EPM5 genomic
region revealed a miR-200c binding site within the 3" UTR of
EPM5 (Figure 4C, Supplementary Figure 2a). Furthermore,
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Abbreviations: EMT, epithelial-mesenchymal transition; qPCR, quantitative polymerase chain reaction.

the ectopic expression of miR-200c repressed EPMS protein in
SW620 cells (Figure 4D). The wild type of reporter containing
full length of the 3’ UTR of EPM5 was repressed by miR-
200c, whereas the mutated reporter decreased the responsive-
ness to miR-200c (Figure 4E). In line with the previous
studies, a luciferase reporter of /L6 was also downregulated
by miR-200c.’**" Taken together, miR-200c directly
repressed EPMS through the binding site in its 3’ UTR.

EPMS5 Induce EMT in CRC

Analysis of the TCGA-COAD database showed that the
expression of EPMS5 was positively correlated with EMT-
inducing transcriptional factors, whereas inversely corre-
lated with epithelial-related gene CDHI (Figure 5A).
Moreover, a similar correlation pattern was observed in
another two cohorts (Supplementary Figure 3a). Gene Set
Enrichment Analysis (GSEA) revealed that the mRNA of
EPMS5 was positively associated with EMT hallmark gene
signature (Figure 5B, and Supplementary Figure 3b). To

further explore the relationship between the EPMS5 and
tumor features, the association of EPM5 with consensus
molecular subtypes (CMS) classification was analyzed.

CMS was one of the most robust CRC classifications
based on comprehensive gene expression profiles,* which
linked the gene expression to the cancer cell behavior and
outcome. CMS4, which was characterized as EMT features
and poor prognosis, showed a higher expression of EPMS
compare with the other three subtypes CMS1-3 (Figure 5C,
and Supplementary Figure 3c). Taken together, these results
implied the potential role of EPMS5 in EMT.

Next, the function of EPMS in curcumin-repressed EMT

was experimentally investigated. EMT-inducing transcrip-
tional factors were induced, whereas the epithelial related
gene CDHI1 was downregulated after the transfection of
pcDNA-EPMS in an epithelial-like CRC cell line HT29
(Figure 5D). Moreover, siRNA-mediated knockdown of
EPMS5 in mesenchymal-like CRC cell line SW620
increased the mesenchymal marker Vimentin and decreased
the epithelial marker E-cadherin (Figure SE), suggesting
that EPM5 was an EMT inducer or mediator. Furthermore,
overexpression of EPMS5 in SW620 cells that were pre-
treated with curcumin largely abolished the effect of
curcumin on EMT repression (Figure 5F). Accordingly,
curcumin-repressed migration and invasion were also

submit your manuscript

9410

Dove

Cancer Management and Research 2020:12


https://www.dovepress.com/get_supplementary_file.php?f=260129.docx
https://www.dovepress.com/get_supplementary_file.php?f=260129.docx
https://www.dovepress.com/get_supplementary_file.php?f=260129.docx
http://www.dovepress.com
http://www.dovepress.com

Dove Wang et al
1.5+ EPM5 1500- TCGA-COAD <&
S
g '\\Qo o<Q
S
_ *x & Q\So &
s 1000 € &
z 1.0+ o .
o 2 EEA
e g 5004 .t
2 o . GAPDH
_g 0.5+ 2
- ©
S ©
s & o+ T T 1
0 20000 40000 60000 80000
0.0 I : miR-200c
DMSO Curcumin
C E 1.5 @ control oligo @ miR-200c mimic
EPMS5 5 —eeeen UUUGCAGAGGUGAGGUAAGACUU------3’ > »
LT g
hsa-miR-200c-5p 3’ GGUUUGUGACGACCCAUUCUGC 5 o
(wild type) 8
..‘ﬁ__> 0.5
hsa-miR-200c-5p 3’ GGUUUGUGACGACCCAACCCGC 5 3
(mutant) 3
0.0 T T

T T
EPM5 EPM5 IL6
(mutant)

pGL3

Figure 4 EPMS is a direct target of miR-200c. (A) qPCR analysis of EPM5 mRNA expression in SW620 cells treated with or without curcumin for 48 hours. (B) Correlation
analysis between EPM5 and miR-200c from TCGA-COAD. (C) Schematic representation of the EPM5 3'UTR indicating the miR-200c seed-matching sequences. (D)
Western blot analysis of EPM5 in SW620 cells. Cells were transfected with control oligo or miR-200c mimic 72 hours before harvest. (E) Luciferase reporter assay in
SW480 cells 72 h after transfection with control oligo or miR-200c mimic and the empty pGL3 vector or pGL3 harboring the indicated 3'-UTR-reporter constructs. A 3'-
UTR reporter of the known miR-200c target IL6 served as a positive control. In panels A and E, results were expressed as mean + SD. * < 0.05; ** < 0.01.
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prevented by overexpression of EPMS5 (Figure 5G-H).
Taken together, these results indicated that EPMS5 induced
EMT, and the downregulation of EPMS5 was necessary for
curcumin-repressed EMT in CRC cells.

EPM5 Was Involved in CRC Progress

To obtain further insight into the association between
curcumin-repressed EPM5 and progression of CRC, the
mRNA of EPM5 from TCGA-COAD database was exam-
ined in each of the T, N and M status that proposed by the
American Joint Committee on Cancer (AJCC).* In the T
stage, the mRNA of EPMS5 was upregulated as the T stage
increased (Figure 6A). Moreover, the expression of EPMS5
in M1 patients was higher than that of MO patients (Figure
6B). Furthermore, the increased expression of EPMS5 was
associated with CRC patients’ lymph node metastasis, and
the expression level of EPMS was positively associated
with the degree of lymph node metastasis (Figure 6C).
CRC patients with higher expression of EPMS5 had a
short overall survival rate (Figure 6D). These results
strongly suggested that the expression of EPM5 was asso-
ciated with colorectal cancer progression, and curcumin
had a potential protective role against CRC progression by
repressing EPMS.

Discussion

Although chemotherapy and radiotherapy remain the most
useful treatments for metastatic CRC, the serious side effects
have been affecting the quality of patients’ life.**>°
Therefore, the use of natural compounds with low toxicity
has gained much attention as an alternative treatment.**>” In
many Southeast Asian countries, the plant Curcuma longa
from which the curcumin derived has been consumed as a
daily condiment and traditional medicine for centuries.'”'%3*
It has been reported as an effective medicine in the treatment
of a variety of diseases, including CRC."”*° Curcumin exerts
its anti-tumor effect by downregulating multiple cell signal-
ing pathways involved in the development and progression

of cancer.*%*!

miRNAs, which regulated the expression of
about 60% of mammalian genes, were also regulated by
curcumin.**** One of the first systematic studies to investi-
gate the effect of curcumin on miRNA expression has been
done in human pancreatic cancer cells, in which the authors
found that the upregulation of miR-22 and downregulation of
miRNA-199a* was the critical mediator for the effect of
curcumin.** Accordingly, it suggested that the modulation
of miRNAs may be an important mechanism underlying the
biological effect of curcumin.*® In the present study, we

demonstrated that the curcumin inhibited the mesenchymal
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R < 0.0001.

phenotype of CRC cells via the upregulation of miR-200c.
Together with miR-200a, miR-200b, miR-141, and miR-429,
miR-200c belongs to the miR-200 family.*® Previous studies
have demonstrated a critical role of miR-200 family in the
regulation of EMT through post-transcriptional repression of
ZEBI1, ZEB2, SNAIL, and SLUG.'*'* Additionally, theses
EMT transcription factors bind directly to the common pro-
moter regions of the miR-200 family to repress its expres-
sion. As a result of this bidirectional repression between the
miR-200 family and EMT transcription factors, a feed-for-
ward loop was established, resulting in the expression of an
epithelial or mesenchymal phenotype depending on the
initial signal.’**” Here, we found that the expression of
miR-200c in CRC cells was induced by curcumin, and thus

repressed the mesenchymal phenotype of CRC cells. As a
consequence of EMT repression, the cell migration and inva-
sion were also inhibited by curcumin.

Besides the transcription factors, we found that the
expression of EPMS5 (also known as PRICKLE2) was
Further
revealed that EPMS5 acted as a downstream of curcumin/

downregulated by curcumin. investigation
miR-200c cascade, and miR-200c mediated the curcumin-
repressed EMT by direct repression of EPM5. EPMS,
which encodes a homolog of Drosophila prickle, is asso-
ciated with progressive myoclonic epilepsy type 5.** In
one previous study to examine the role of the transcrip-
tional regulator NF-xB in EMT of primary human small

airway epithelial cells, the authors found that EPMS5 was
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highly induced by the well-known EMT inducer TGF-B.*’
However, the function of EPM5 was not further studied.
Here, we showed that the elevated expression of EPMS5
was sufficient to induce EMT in CRC. Moreover, the
downregulation of EPM5 was necessary for curcumin-
repressed EMT. GSEA also revealed a strong positive
correlation between EPMS5 and TGF-f signaling gene sig-
nature (Supplementary Figure 4a-b), implying that TGF-p-
induced EPM5 may be an effector of TGF-B signaling to
induce EMT. However, this hypothesis needs further

experimental evidence in the future.

Taken together, our results verified that curcumin
repressed EMT, migration, and invasion in CRC through
the upregulation of miR-200c. EPMS5 was a direct target of
miR-200c and involved in the curcumin-repressed EMT.
Elevated expression of EPM5 was associated with the
advanced TNM stages and poor prognosis. Despite the
lack of in vivo evidence, our study makes it very likely
that curcumin can contribute significantly to the improve-

ment of cancer therapy and prevention.
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