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Background: miR-944 belongs to the MicroRNAs family, as shown in our previous study,
and is essential in the colorectal cancer (CRC) progression. It is negatively associated with
invasion depth and lymph node status. Epithelial-mesenchymal transition (EMT) is essential
in tumor invasion and metastasis. However, the relationship between miR-944 and EMT in
CRC is unknown and should be further investigated.

Methods: Epithelial-mesenchymal transition (EMT) progression in CRC cell lines was
detected with Cell morphology and Western blotting. CRC cell migration and invasion
were examined using Transwell assays. Transcriptome and clinical data were obtained
from The Cancer Genome Atlas (TCGA) database. The potential pathway of miR-944 and
GATAG6 were predicted using KEGG analysis. Colocalization was validated using immuno-
fluorescence and Immunohistochemistry. Nuclear and Cytoplasmic Protein Extraction assays
were conducted to determine the effects of miR-944 on Wnt/B-catenin signaling.

Results: We found that miR-944 influences EGF-induced EMT malignant phenotype
in vitro. KEGG analyses showed that miR-944 and GATAG are associated with EMT related
pathways, wnt signaling pathways. On the other hand, Western Blot analyses showed that
miR-944 can regulate EMT and wnt-B-catenin pathway-related protein, including p-catenin,
ZEBI, snaill via GATA6 regulation. miR-944 also abrogates E-ca after EGF induction.
Immunohistochemistry (IHC) and Immunofluorescence (IF) co-expression showed that
GATAG6 expression is positively associated with B-catenin and ZEB1. GATAG silencing can
reverse EMT malignant phenotype and alterations of related protein induced by miR-944.
Quantitative polymerase chain reaction analysis results showed that miR-944 is negatively
associated with the UICC stage (P= 0.02), lymph nodes (p=0.04), and liver metastasis
(p=0.03). Moreover, patients with high miR-944 expression have better survival (p=0.045).
We finally combined miR-944 and GATAG6 and found that miR-944/GATAG6 ratio could be
a novel prognostic biomarker in the TCGA dataset and it is an independent risk prognosis
factor (p=0.045).

Conclusion: Our results suggest that miR-944 suppresses the aggressive biological pro-
cesses by directly repressing GATA6 expression and could be a potential candidate for
therapeutic applications in CRC.
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Introduction
Colorectal cancer (CRC) ranks third in cancer incidence rates and is the
world’s second cause of cancer-related deaths.'” About 25% of CRC patients
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experience metastasis either at the time of diagnosis or
recurrence and most CRC patients with distant metastasis
had a poor 5-year survival rate (15%). It is therefore
important to understand the underlying metastases biolo-
gical mechanisms of CRC and establish a novel therapeu-
tic target that can help in the CRC malignant process.

The “epithelial-mesenchymal transition” (EMT) (major
developmental regulatory program) is essential in promot-
ing tumor invasion and metastasis in colorectal cancer.*
Neoadjuvant therapy can suppress or reverse CRC pro-
cesses to reduce metastases, recurrence, and resistance.>°
It is important to find key target playing a significant role
in EMT progression for CRC treatment.

GATAG belongs to the GATA family of transcription fac-
tors that binds to the A/TGATAA/G sequence and enhance or
suppress downstream gene expression.” GATAG is located in
the human chromosome (18q11.2) and plays various roles in
cancer development.®*’ miR-944 is a conserved miRNA
located in the human chromosome (3q28) and it inhibits
several cancer cells’ migration and invasion.'®"" Our previous
study found that miR-944 inhibits Colorectal cancer (CRC)
development by targeting GATA bind protein 6. miR-944 is
also negatively associated with CRC patients’ (TNM) stage,
invasion depth, and lymph node status.'

This study aimed to determine the miR-944 mechanism
on the biological regulation of the EMT process in CRC. We
first found that miR-944 suppresses malignant EMT biolo-
gical behavior in CRC cells and is also negatively associated
with CRC patients’ (TNM) stage, lymph node status, and
liver distance. CRC patients with low miR-944 expression
have poor survival. Furthermore, we confirmed that GATA6
as miR-944 target gene can regulate Wnt—-catenin pathway,
consistent with the KEGG analysis. We finally demonstrated
that the low miR-944/GATAG ratio is associated with poor
survival in CRC patients. In conclusion, miR-944 suppresses
the biological processes and could be a potential exogenous
biological reagent for the CRC therapy.

Materials and Methods

Human Tissue Specimens and Cell Lines

We collected 140 pairs (67 men and 73 women median age of
61.7 years and age range of 29-81 years) of fresh colorectal
cancer and their paired adjacent non-tumor colorectal tissues
after colorectal cancer surgery at the Gastrointestinal Surgery
Department of the First Affiliated Hospital of China Medical
University. All the specimens were pathologically diagnosed
as colorectal cancer, and the data was classified following the

8th UICC guideline. Informed consent was obtained from
some patients, and the remainder were exempt from
informed consent as anonymity was assured, as approved
by the ethics committee of the First Affiliated Hospital of
China Medical University. This study was conducted in
accordance with the Declaration of Helsinki. miRNA and
mRNA expression data (except a too high or too low expres-
sion of miR-944 and GATAG6) and the clinicopathological
annotations of 285 CRC patients were downloaded from the
TCGA portal (http://cancergenome.nih.gov). We analyzed

the correlation between GATA6 and B-catenin, [-catenin,
and ZEBI using GEPIA."

Two CRC cell lines (HCT116 and SW480) were
sourced from a cell bank at the Chinese Academy of
(Shanghai, China)
a recommended growth medium supplemented with 10%
fetal bovine serum (FBS; Hyclone, Logan, UT, USA) and
100U/m penicillin or streptomycin in a humidified cham-
ber with 5% CO2 at 37°C.

Sciences and cultured with

Kyoto Encyclopedia of Genes and
Genomes (KEGG) Analysis and Gene Set
Enrichment Analysis (GSEA)

We classified the samples into high-expression and low-
expression miR-944 groups according to the miR-944
expression median levels and conducted KEGG analysis
using GSEA. miR-944/GATA6 ratio was also used to
conduct a similar analysis.

RNA Isolation and Quantitative
Real-Time PCR

We extracted Total RNA from CRC cell lines and colorectal
tissue and stored them in liquid nitrogen with Trizol reagent
(Takara Bio, Otsu, Japan) according to the instructions.
NanoDrop ND-1000 instrument (NanoDrop, USA) was
used to measure miR-944, and Hairpin-it microRNA con-
centration and RT-PCR Quantitation Kit (Shanghai, China)
was used to normalize U6 snRNA. We used Cycle Dice Real-
Time (Thermal) to measure miRNA expression levels
according to instructions with U6 RNA as the internal con-
trol. Thermocycling conditions were: 95° C for 3min, then 45
cycles of 95° C for 12s, and 62° C for 45s. The following
primers were used: miR-944 forward primer,
5'-GCACTCCTAAAATTATTGTACATCG-3'; U6 forward
primer, 5-CTCGCTTCGGCAGCACA-3'; miR-1 reverse
primer, 5-TATGGTTGTTCACGACTCCTTCAC-3', U6
reverse primer, 5'-AAC GCTTCACGAATTTGCGT-3. The
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relative f miR-944 expression was represented as Fold

2 —AACt

changes ( ) and each experiment was conducted thrice

in replicate.

Protein Isolation and Western Blot

RIPA lysis buffer containing 1% PMSF was used to
extract the Total sample from two infected CRC cell
lines (HCT116 and SW480). We separated protein samples
using 10% sodium dodecyl sulfate-polyacrylamide gel and
then transferred them on PVDF membranes. The mem-
branes were enclosed with 5% non-fat milk for 2 hours
and incubated with a rabbit anti-GATAG6 antibody at 1:500
dilution (CST, USA), a rabbit anti-p-catenin antibody
1:1000 dilution (Proteintech, USA), a rabbit anti-ZEB1
(Proteintech, USA) at 1:1000 dilution, a rabbit anti-
Lamin B1 (Beyotime, China) at 1:1000 dilution, a mouse
anti-GAPDH (Proteintech, USA) at 1:3000 dilution at
4°C for 12 h. The secondary antibodies were used corre-
spondingly for 2 hours. We assessed the Western blot
results using the ECL detection kit (Thermo Scientific,
Rockford, IL, USA) and each experiment was done thrice.

Immunoprecipitation

Lysis buffer contained 20 mM Tris/HCI (pH7.4), 1.0% NP-
40, 150 mM NaCl, 1 mM EDTA, 10 ug/mL leupeptin, and 50
pg/mL PMSF. We used lysis buffer to extract CRC cell
protein. Preincubated antibody-beads with magnetic beads
(Bio-Rad, Hercules, CA, USA) and 200ul rabbit GATAG6-
antibody (CST, USA) or IgG (Santa Cruz, Japan) at 1:100
dilution were incubated with extracted CRC protein at 4 °C
overnight. We used Western blot the following day to visua-
lize immunoprecipitation sample separated using magnetic
beads. We used RIPA lysis to wash immunocomplex.

Immunohistochemistry (IHC)

We deparaffinized Paraffin-embedded PC tissues continu-
ous sections (4um) at 65°C for 2h and then washed them
using ethanol and xylene. Antigen repair was done at high
pressure for 2.5min for GATAG6, B-catenin, and ZEB1. We
then incubated sections with hydrogen peroxide (3%) and
10% normal goat serum for 15min and 20 min, respec-
tively. The sections were also incubated with a GATA6
antibody (1:200) (CST, USA), B-catenin antibody (1:200)
(Proteintech, USA) and ZEB1 (1:200) (Proteintech, USA)
at 4°C overnight. We incubated secondary antibody using
streptavidin—peroxidase reagent with sections for 15 min,
and then added 3,3'-diaminobenzidine (DAB) for color
reactions and visualized at 20 magnification.

We conducted Immunohistochemistry (IHC) score as pre-
viously described.'* GATA6, p-catenin and ZEB1 coloration
ranges were used as the standard to assess the staining score
defined as 1 (0-25%), 2 (25-50%), 3 (50-75%), 4 (75-100%)
[0 (negative), 1 (weak), 2 (moderate) and 3 (strong)]. The two
scores were the final score ranging between 0 to 7, and the
final score> 3 was defined as positive expression.

Transfection

We synthesized miR-944 mimics, miR-944 inhibitor, and
GATAG6 siRNA and their corresponding negative control
(NC) at GenePharma (Shanghai, China) and the sequence
were; miR-944 mimics, 5-AAAUUAUUGUACAUCG
GAUGAG-3', Negative control, 5-UUCUCCG AACGUG
UCACGUTT-3, miR-944 inhibitor, 5'-CUCAUCCGAUGU
ACAAUAAUUU-3, MircoRNA inhibitor N.C, 5-CAG
UACUUUUGUGUAGUACAA-3'. We used Lipofectamine
3000 (Invitrogen, Carlsbad, CA, USA) to perform transfec-
tion according to the manufacturer’s instructions. The trans-
fection efficiency had been tested in our previous study.

EMT Construction

We incubated miR-944 mimics, miR-944 inhibitor, and
miR-944 inhibitor + GATAG6 siRNA, and their correspond-
ing scramble infected two CRC cell lines (HCT116 and
SW480 cells) with 50 ng/mL EGF (Peprotech, RockyHill,
NJ, USA) twice for 48 hours using 1% BSA (Sigma) as
a control. Cells were cultured with the recommended
growth media containing 1% FBS to enhance the EGF
effect. We observed EMT-like cell morphology (a spindle-
shaped and fibroblast-like morphology), EMT-induced cell
invasion and migration, and the alteration of the EMT-
related protein, verifying the EMT process.

Cell Migration and Invasion Assay

We constructed miR-944 overexpression, HCT116 down-
regulation, and SW480 cell lines as previously described.
We added 8*104infected HCT116/well and 5*105 infected
SW480/well in 300ul free medium into the upper chamber
and 600 pL medium with 10% fetal bovine serum into the
bottom chamber. We coagulated the upper membrane with
Matrigel (BD Biosciences) for invasion assays. PC cells
stuck in the bottom membrane were stained after 24 hours
using cool methanol and dried using 0.1% crystal violet
(Sigma) for 30 min. We used a microscope (Nikon
Microphot-FX, Tokyo, Japan) to take Cell photographs,
and counted the number in five random fields per chamber
at x20 magnification.
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Immunofluorescence (IF)

Briefly, we fixed CRC cells plated in 24-well culture plates
using 4% paraformaldehyde at room temperature for 30min.
The samples were then permeabilized in 1% Triton X-100
and blocked in 5% BSA for 2 h and then incubated with
primary antibody [rabbit anti-GATA6 at 1:100 dilution
(CST, USA) and mouse anti-p-catenin at 1:100 dilution
(Proteintech, USA)] at 4 °C overnight. The secondary anti-
bodies were then incubated with green FITC (Proteintech)
and red TRIC (Proteintech). We finally co-stained the cells
using DAPI (Sigma, St. Louis, MO, USA) for nuclei visua-
lization and used a fluorescence microscope (Nikon
Microphot-FX, Tokyo, Japan) for visualization.

Statistical Analysis

The three independent experiments results were repre-
sented as the mean + standard deviation and we used
SPSS 17.0 statistical software (Chicago, IL, USA) to con-
duct all the statistical analyses. Scientific graphing was
plotted using GraphPad Prism (GraphPad Software,
USA). Student’s #-test was used to determine the relation-
ship between miR-944 expression, clinicopathological
parameters, and cell migration invasion assays. We used
Chi-squared, and Cox’s proportional hazards regression
model for conducting univariate association analysis
between clinicopathological factors and survival to deter-
mine independent prognostic factors. Pearson’s correlation
coefficient was used to explore the relationship between
GATA6 and B-catenin or ZEBI. Protein GATAG6, B-
catenin, ZEB1, snaill, GATA3, E-cadherin, ZO1 expres-
sion results were analyzed using paired t-tests. P<0.05 was
considered as a statistically significant difference.

Results

miR-944 Ectopic Expression Affects EGF-
Induced EMT-Like Cell Morphology, and
EGF-Induces Cell Malignant Invasion,
Migration, and Intracellular Calcium
Alteration in Two CRC Cell Lines

Several studies have found that EGF can induce cell EMT
phenotype in various cancers and EMT is essential in
cancer metastasis.'>'® We compared the cell morphology
between miR-NC and miR-944 groups, anti-NC and anti-
944 groups, and the corresponding groups induced by EGF
for two days. We found that both HCT116 and SW480
cells exhibited EMT-like cell morphology after EGF

introduction and most cells lost their epithelial character-
istics and had a spindle-shaped and fibroblast-like mor-
phology. There was no significant cell morphology
difference between the miR-NC and miR-944 groups, anti-
NC, and anti-944 groups. We found that miR-944 exhib-
ited EMT-like cell morphology and anti-944 had the
reverse function after EGF introduction (Figure 1). We
compared negative control and transfected groups to deter-
mine cancer cell invasion and migration assays. We found
HCT 116 and SW480 cell invasion and migration in the
miR-944 group with or without EGF treatment (Figure 2).
On the contrary, the anti-miR-944 group with or without
EGF treatment exhibited different results (Figure 2).

miR-944 Suppresses EMT Activation via
the Wnt-p-Catenin Signaling Pathway

We first conducted KEGG analysis and found that GATA6
was all associated with the Wnt-B-catenin signaling pathway.
(Figure 3A, Supplementary Table 1). Wnt-B-catenin signal-

ing pathway is essential in the cancer EMT process.'” Hwang
et al'® found that GATAG directly affects Wnt6, leading to
cellular B-catenin accumulation and canonical WNT-f-
catenin pathway activation. We identified that miR-944
could bind to the 3'UTR of GATAG6 in our previous study
and hypothesized that miR-944 regulates the wnt-f-catenin
signaling pathway. We then extracted protein from trans-
fected HCT116 and SW480 cells to perform Western blot.
The results showed that miR-944 overexpression signifi-
cantly inhibited GATAG6, -catenin protein and ZEB1 (down-
stream protein of wnt-f3-catenin signaling pathway) and EMT
related protein (E-cadherin and snaill) expression in two
CRC cells (Figure 3B and D), and also the B-catenin nuclear
translocation (Figure 3C and E). We also found that GATA6
were co-stained in normal HCT116 and SW480 cells in the
cytoplasm using IF (Figure 4A) and co-expression relation-
ship between miR-944, GATA®G, B-catenin, and ZEB1 using
immunohistochemistry. (Figure 4B) Spearman’s rank corre-
lation was used to analyze the results and found consistency
with Western Blot results (Table 1). We further identified that
GATAG6 was structurally binds to P-catenin in two colon
cancer cells using IP analysis (Figure 4C). Moreover, the
Correlation Analysis showed that GATAG6 is positively asso-
ciated with B-catenin while B-catenin is associated with
ZEBI in GEPIA (Figure 4D).

The intracellular calcium is essential for cellular function
regulation, including gene transcription, cell proliferation,
used Fluo-4 and

invasion, and migration.'”? We
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Figure | Cell morphology in miR-944, anti-miR-944, and corresponding negative control infected HCT 116 and SW480 cells with or without EGF (50 ng/mL) treatment.
(A and C) BSA treatment, (B and D) EGF treatment. The fibroblastoid-like phenotype in HCT116 (A and B) and SW480 (C and D) weakened miR-944 group cells

compared with the scramble group. Anti-miR-944 had the opposite effect.

Fluorescence microscope to examine the intracellular
calcium.?"** The Fluorescence intensity in the miR-944
group was weaker than in the miR-NC group. The anti-miR
-944 enhanced intracellular calcium in HCT116 and SW480
(Supplementary Figure 1) and EGF-induced EMT was found
to be calcium-signal dependent.”® Therefore, miR-944 can
regulate CRC EMT phenotype by regulating intracellular cal-

cium translocation.

In summary, miR-944 modulates EMT progress via
GATA6-mediated Wnt—fB-catenin signaling pathway regu-
lation. (Figure 4E) by

GATAG Silencing Reverses the Anti-
miR-944 Effects in Both CRC Cell Lines
and miR-944 Can Suppress CRC EMT by
Binding to GATA6

We conducted a rescue experiment and constructed three
co-infected groups (anti-NC and siRNA-NC infected
group, anti-miR-944 and siRNA-NC infected group, and
anti-miR-944 and GATAG6 siRNA infected group) and then
compared CRC cell migration and invasion function and
measured GATAG6, B-catenin, and ZEB1 expression in the
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Table | Relationship of GATA6 with miR-944, B-Catenin and ZEBI
GATAb6
Low'’ High33 Pearson P
miR-944 High?' 12 9 8.642 0.003
Low? 5 24
B-catenin High2® 5 21 5265 0.022
Low?* 12 12
ZEBI High* 7 27 8517 0.004
Low'® 10 6
three co-infected groups to further identify the relationship Djiscussion

between miR-944 and GATA6 and miR-944 mechanism in
CRC. GATAG silencing reversed the inhibition of HCT116
and SW480 cell invasion and migration caused by the
miR-944 inhibitor (Figure 5). We also found that GATA6
could reverse GATAG, B-catenin, and ZEBI1 expressions
induced by miR-944 in Two CRC cells
(Figure 6).

inhibitor

miR-944 is Associated with Poor Survival
and miR-944/GATA6 Ratio is a Prognostic
CRC Marker

We used the chi-square test to analyze the relationship
between miR-944 expression and clinical parameters in
140 CRC patients. We found that miR-944 is associated
with the TNM stage, Lymph node status, and liver metas-
tasis (Table 2). CRC patients were further divided into two
groups according to median miR-944 expression level.
Kaplan—Meier survival analysis showed that highly
expressed miR-944 in CRC patients had a significantly
higher overall survival (Figure 7A). We analyzed the rela-
tionship between miR-944 expression and clinical para-
meters in the TCGA dataset and found that miR-944 is
negatively associated with the TNM stage, consistent with
our results (Figure 7B).

We further evaluated the combination of miR-944 and
GATAG6 as a potential CRC prognostic biomarker. We
integrated the two markers in a ratio (miR-944/GATA6
ratio) in the TCGA dataset and found that high ratio
patients had an early TNM stage and high survival using
the R program (4.0.2) (Figure 7C and D). Besides,
Univariate and multivariate Cox regression analysis results
showed that low miR-944/GATA6 ratio independently

causes poor prognosis (Figure 7E and F).

EMT (the transformation from benign to invasive carci-
noma) are significantly associated with cancer metastasis.
However, the EMT process is complex since several genes
and signaling pathways are involved in the progress.
While several studies have focused on EMT control at

molecular levels,**?

we found that miR-944 downregula-
tion is associated with EMT-related biological processes
in CRC (cell adhesion, migration, and invasion). No study
has investigated the relationship between miR-944 and
EMT and our study provides new information on the
EMT mechanism in CRC.

Previous studies have shown that miR-944 suppresses
tumors. Flores-Pérez et al*® first reported that miR-944 influ-
ences breast cancer cell migration by targeting SIAH1 and
PTP4Al. Liu et al’’ found that miR-944 as a potential
miRNA driver inhibits cell growth in non-small cell lung
cancer by targeting EPH7A. While miR-944 has been

reported to be oncogenic in cervical cancer,”®

subsequent
studies have also revealed that it inhibits gastric cancer
metastasis by preventing the epithelial-mesenchymal transi-
tion via MACC1/Met/AKT signaling.*’ We found that miR-
944 was negatively associated with CRC patients survival,
inhibited CRC EMT phenotype and influenced EMT related
protein. Bioinformatics analysis are often used to identify
experiments’ results in various cancers.’**' Meanwhile, our
experiments’ results were consistent with the bioinformatics
analysis results.

GATAG6, a transcription factor gene that is almost
amplified or overexpressed in various cancers, is essential
in tumor occurrence progress and development.®*>> GATA
6 is involved in the mesoderm and endoderm-derived cell
differentiation, including Heart, lungs, and gastrointestinal
tract.” However, the GATA6 mechanism is still unknown.
in breast increases

GATA6 overexpression cancer
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Figure 5 Cell invasion and migration in rescue experiment. GATA6 knockdown reversed cell migration and invasion functions caused by the silencing miR-944 with or
without EGF (50 ng/mL) treatment. (A) Cell migration and invasion assays in Human colon cancer cells-116 (HCT116) cells, and (B) Cell migration and invasion assays in
SW480 cells, n = 3, *P < 0.05 and **P < 0.01 using t-test.
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Figure 6 GATA6, B-catenin, and ZEBI protein changes in rescue experiment. Knockdown reversed the increased GATAG®, B-catenin, and ZEB| expression levels induced by
the miR-944 inhibitor with or without EGF (50 ng/mL) treatment. (A) GATA6 antisense experiments in Human colon cancer cells-116 (HCT116) cells, and (B) GATAé

antisense experiments in SW480 cells, n

epithelial-mesenchymal transition via slug expression
upregulation.** Some studies have also indicated that ecto-
pic expressing microRNAs influence GATA6 expression.
miR-196b negatively regulates GATA6 expression in
colon cancer and miR-124 induces cell invasion and
GATA6  in
cholangiocarcinoma.®>*® We also identified that miR-944

metastasis by  directly  targeting
can suppress GATA6 expression and GATA6 inhibition
could reverse the effect on EMT phenotype and related
protein induced by anti-miR-944 in CRC cells.

Ectopic Wnt activation is common in human can-
in CRC.”” Wnt

a critical role in development processes, such as influ-

cers, especially signaling plays
encing stem cell proliferation and differentiation.’®
Aberrant activation of canonical Wnt signaling results
in B-catenin nuclear translocation found in the dedif-

ferentiated mesenchyme-like tumor cells undergoing an

= 3, *P < 0.05 and **P < 0.0l using t-test.

EMT with
downregulation.>® It has also been reported that cano-

active associated E-cadherin
nical Wnt signaling activation, including TWiSTI1,
ZEB1, and MMP9, amplifies or overexpresses a set
of EMT activators.*® Conversely, DKK1, a wnt signal-
ing protein inhibitor, suppresses CRC cell malignant
biological behaviors via EMT program inhibition.*!
While Transcription factor (GATA6) has been reported
to bind to lgr5 promoter regulates LGRS expression in
colorectal tumorigenesis which is downstream of the
Wnt-B-catenin signaling pathway.*> The Western Blot
and co-expression IHC experiment also indicated that
GATAG is associated with B-catenin and could prompt
B-catenin translocation in the nucleus. We hypothesized
that the GATA6 expression decrease induced by miR-
944 suppresses the EMT process in CRC by mediating
the wnt-B-catenin signaling pathway.
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Table 2 Association of miR-944 Expression Levels with Clinical Data

Parameters No. of Patients Expression of miR-944 P value
Low High

Age (years) 0.36
<60 103 42 6l
260 37 17 20

Gender 0.4
Male 67 27 40
Female 73 32 41

Size (maximal diameter) 0.07
25cm 49 16 33
<5em 91 43 48

Differentiation 0.17
Well, Moderate 120 53 67
Poor 20 6 14

TNM stage 0.02
I+ 86 30 56
n+1v 54 29 25

Tumor invasion 0.42
TI+T2+T3 102 42 60
T4 38 17 21

Lymph node status 0.04
Positive 89 32 57
Negative 51 27 24

Metastasis 0.03
MO 127 49 78
MI 13 9 4

Furthermore, miR-944 can regulate the EMT process
by mediating Ca2+. The KEGG analysis results showed
that miR-944 expression is significantly related to the
Calcium signaling pathway. Increasing piece of evidence
have shown that intracellular calcium alteration in various
cancer cells affects tumor progression, migration, invasion,
and metastasis.*>** Intracellular calcium and intracellular
calcium increase in breast cancer abrogate EMT pheno-
type, resulting in B-catenin nuclear translocation, and this
could be the potential Wnt/B-catenin
mechanism.”> We found that miR-944 mimics inhibited p-
catenin expression in the nucleus. It has also been con-
firmed that GATAG as a transcription factor can bind to the

calreticulin (CRT) promoter in mice and humans via repor-

canonical

ter gene and ChiP analyses.*> Our previous study also
found that CRT is positively related to miR-944 and

GATAG6. CRT regulates the increase of intracellular cal-
cium, Integrinfl, Fibronectin, and c-Myc expressions
induced by EGF in MDCK cells.'” CRT also influences
calcium release and influx in integrin-mediated Ca2+ sig-
naling pathway.*®*” Therefore, miR-944-GATA6 regulates
CRC EMT phenotype by mediating intracellular calcium.

In conclusion, miR-944-GATA6 suppresses EGF-
induced EMT in CRC cells via the wnt/B-catenin sig-
naling pathway which could also be regulated via
CRT-mediated change of intracellular calcium.
Importantly, the miR-944/GATAG6 ratio is a novel bio-
marker of survival and treatment outcome in CRC
patients. However, the relationship between intracellu-
lar calcium and EMT, and miR-944-GATA6 mechan-
ism are still unknown and will be further investigated

in our future study.
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Figure 7 Identification of the miR-944 and miR-944/GATAG ratio as a CRC prognosis marker. (A) High and low miR-944 expressions plotted against overall survival time in
60 CRC patients. (B) Chi-square analysis of the relationship between the miR-944 and clinical stage in TCGA data. (C) High and low miR-944/GATAé6 expression ratio
plotted against overall survival time in TCGA. (D) Chi-square analysis of the relationship between the miR-944/GATAG6 ratio and clinical stage in TCGA data. (E) Univariate
Cox regression analysis of the relationship between the miR-944/GATAG® ratio and prognosis in TCGA. (F) multivariate Cox regression analysis of the relationship between

the miR-944/GATAG6 ratio and prognosis in TCGA.
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