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Tissue miR-200c-3p and circulating
miR-1290 as potential prognostic
biomarkers for colorectal cancer
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Epithelial-mesenchymal transition (EMT)-related cancers generally elicit low immune responses.

EMT is regulated by several microRNAs (miRNAs) in cancers. Thus, this study aimed to evaluate the
prognostic potential of EMT-related miRNAs as biomarkers in colorectal cancer (CRC). Formalin-fixed
paraffin-embedded tumor and normal tissue and plasma samples were obtained from 65 patients with
pathologically confirmed CRC. In addition, plasma samples were obtained from 30 healthy volunteers.
Immunohistochemical staining for E-cadherin, ZEB1, PD-1, PD-L1, CD3, CD4, CD8, Foxp3, and CD68
was conducted on tissue samples. Droplet digital polymerase chain reaction (ddPCR) analysis was
performed to evaluate miR-21-5p, 34a-5p, 138-5p, 200a-3p, 200b-5p, 200c-3p, 630, 1246, and 1290
expression in tissue samples and miR-630, 1246, and 1290 expression in plasma samples. miR-21-5p,
34a-5p, 630, 1246, and 1290 expression was higher in tumor tissues than in normal tissues (P <0.05).
EMT was significantly associated with reduced tumor-infiltrating T cells. Moreover, miR-21-5p,
miR-34a-5p, miR-200a-3p, and miR-200c-3p expression was negatively correlated with T cell density
(P<0.05). High tissue levels of miR-200c-3p were associated with poor overall survival (OS) (P<0.001).
CRC patients with the EMT phenotype had poor OS; however, PD-L1 positivity and abundant PD-1
positive immune cells were correlated with better OS (P <0.05). miR-1246 and miR-1290 levels were
significantly higher in the plasma of patients with CRC than in the plasma of healthy controls (P <0.05).
High plasma levels of miR-1290 were correlated with advanced stage and poor OS (P <0.05). The tissue
expression of miR-200c-3p and plasma levels of miR-1290 measured by ddPCR indicate their potential
as prognostic biomarkers for CRC.

Abbreviations

CD3 Cluster of differentiation 3

CD4 Cluster of differentiation 4

CD68 Cluster of differentiation 68

CD8 Cluster of differentiation 8

CPS Combined positive score

CRC Colorectal cancer

ddPCR  Droplet digital polymerase chain reaction
EMT Epithelial-mesenchymal transition
Foxp3  Forkhead box P3

ICC Intraclass correlation

IHC Immunohistochemistry
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IM Invasive margin

miRNA  MicroRNA

(O Overall survival

PCR Polymerase chain reaction

PD-1 Programmed cell death protein 1
PD-L1  Programmed cell death ligand-1

TC Tumor center
TMA Tissue microarray
TNM Tumor-node-metastasis

ZEB-1  Zinc finger E-box-binding homeobox 1

Colorectal cancer (CRC) contributes significantly to the global cancer burden, ranking third in incidence and
second in mortality’. In recent years, advances in diagnostic and therapeutic strategies have resulted in a decrease
in the incidence of CRC and improvement in patient survival>. However, the treatment of metastatic CRC remains
a considerable challenge®. With the development of new chemotherapeutic and immunotherapeutic agents,
the cost of CRC treatment has increased considerably, while survival rates have remained limited. Multiagent
approaches have been developed based on availability and not on the basis of validated and refined treatment
algorithms®. To overcome such challenges, it is necessary to identify biomarkers that enable accurate prognosis
and a personalized approach in the treatment of CRC.

The epithelial-mesenchymal transition (EMT) is a key cellular process in CRC progression and metastasis.
Molecular pathways (including EMT) vary widely, and different investigators have used different methods to
classify EMT. Several commonly used EMT markers include the loss of E-cadherin expression and increased
expression of EMT-related transcription factors, such as ZEB1%7. Recent findings have suggested that relation-
ships may exist between EMT and microRNAs (miRNAs)® or tumor-associated immune cells’.

miRNAs are non-coding RNAs comprising 20 to 22 nucleotides that regulate gene expression'’. Several
studies suggest that miRNAs are involved in cancer progression, because miRNAs regulate the expression of
tumor-suppressor genes, oncogenes, and other regulatory molecules involved in cell differentiation, apoptosis,
and tumorigenesis!!~1°. Furthermore, recent reports show that miRNAs are involved in EMT regulation. miR-
21-5p, an important miRNA in cancer, is located on chromosome 17q23.2, which frequently has a copy-number
gain in metastatic CRCs'*. Downregulation of miR-21-5p has been reported to reverse EMT and the cancer stem
cell phenotype'®. Moreover, the miR-200 family has been reported to target and downregulate ZEB1, an EMT
activator'®. However, these EMT-related miRNAs likely have several different targets and function at various
levels.

The tumor immune microenvironment is another key factor in CRC progression and metastasis'’. With
an increasing interest in immunotherapy, targeting the tumor immune microenvironment has emerged as a
therapeutic strategy. Previous findings have suggested that the immunological synapse between PD-1 (which
is expressed on lymphocytes) and PD-L1 (which is expressed on tumor cells) causes cytotoxic T cell anergy in
the tumor microenvironment, enabling further tumor progression'!. miRNAs are also known to contribute to
immune evasion of neoplastic cells through the regulation of various pathways'é, as well as PD-1 and PD-L1
expression'®. Thus, miRNAs have the potential to serve as diagnostic and prognostic markers.

Although miRNAs are typically expressed in tissue samples, they can also be detected in blood samples as
they are released from tumor cells into the circulation®. Despite their small quantity, circulating miRNAs have
apparent merits over tissue miRNAs as biomarkers because blood samples are easier and less invasive to obtain
than tissue samples. Therefore, analysis of circulating miRNAs in addition to that of tissue miRNAs is necessary
to assess their potential as novel biomarkers.

Although the roles of the EMT, tumor immune microenvironment, and related miRNAs in CRC progression
have been widely studied, the clinical significance of the related miRNAs remains unclear. This is partly owing to
the extensive number of targets and functional roles of miRNAs. In addition, studies involving human subjects are
rare. Consequently, this study aims to illustrate the relationship among miRNAs, EMT, and the tumor immune
microenvironment in CRC and determine the clinical potentials of several miRNAs as prognostic biomarkers.
We quantified the expression levels of miRNAs previously reported to be related to EMT in various cancers, using
tissue and plasma samples from 65 patients with CRC. We then investigated the clinicopathologic significance
of the measured miRNA expression levels.

Methods

Study population and clinical specimens. This study included plasma specimens from 30 healthy
blood donors and tissue and plasma specimens from 65 patients with CRC who underwent radical surgical
resection at the Seoul National University Bundang Hospital between March 2011 and March 2012. Patients who
received preoperative radiotherapy or chemotherapy were excluded from the study. Clinicopathologic features
of CRC patients are summarized in Table 1. Tissue specimens were obtained during resection, whereas plasma
samples were obtained approximately 1 to 20 days before resection. Tissue samples were fixed in 4% buffered
formalin solution and embedded in paraffin. Blood samples were processed within 2 h of collection and centri-
fuged at 3,000 rpm for 10 min. Each plasma sample was filtered through a Fisherbrand Standard Serum Filter
(13 mm x 4"; Fisher HealthCare, Houston, TX, USA) and stored at -80 °C until use. Clinicopathologic data such
as age, sex, histological grade, and patients’ overall survival (OS) were obtained from electronic medical records.
OS was defined as the period from surgery to death from any cause or to the date of the last follow-up. Cancer
stages were determined based on the guidelines from the American Joint Committee on Cancer (8th edition).
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Variable N (%)
Mean age (Range)-year | 64.7 (38-85)
Sex

Male 40 (61.5)
Female 25 (38.5)
Tumor size

<5cm 44 (67.7)
>5cm 21(32.3)
Histologic grade

WD 8 (12.3)
MD 49 (75.4)
PD 8(12.3)
Lympbhatic invasion

Absent 43 (66.2)
Present 22 (33.8)
Venous invasion

Absent 49 (75.4)
Present 16 (24.6)
Perineural invasion

Absent 39 (60)
Present 26 (40)
TNM staging

I 17 (26.2)
I 16 (24.6)
III 16 (24.6)
v 16 (24.6)
Location

Right 14 (21.5)
Left/rectum 51 (78.5)
KRAS

wild 32(49.2)
Mutant 33 (50.8)

Table 1. Summary of clinicopathologic features of patients with colorectal cancer. WD well differentiated, MD
moderately differentiated, PD poorly differentiated.

Ethics approval and consent to participate. This study was approved by the Institutional Review
Board of Seoul National University Bundang Hospital (approval number: B-1012/117-011) and performed in
accordance with the tenets of the Declaration of Helsinki. Informed consent was obtained from all patients and
healthy volunteers for the use of their clinical information and samples for analysis.

Quantification of miRNAs by droplet digital polymerase chain reaction (ddPCR) analy-
sis.  Total RNA was extracted from paired normal and tumor formalin-fixed paraffin-embedded (FFPE) tissue
samples. Four 8-pm-thick FFPE tissue sections were used for RNA extraction. Tissue sections were deparaffi-
nized by incubation at 70 °C for 10 min and centrifugation for 10 min at maximum speed. After deparaffiniza-
tion, RNA extraction was performed using RecoverAll™ Total Nucleic acid Isolation Kit (Invitrogen, Waltham,
MA, USA) according to the manufacturer’s instructions. For blood samples, total RNA was extracted using a
High Pure Viral Nucleic Acid Kit (Roche, Indianapolis, IN, USA) according to the manufacturer’s instructions
with 300 uL of plasma.

Reverse transcription (RT) reactions were performed using the TagMan™ MicroRNA Reverse Transcription
Kit (200 reactions, catalog #4,366,596; Applied Biosystems, Waltham, MA, USA) for nine EMT-related miRNAs
including miR-21-5p (Assay ID 000,397), miR-34a-5p (Assay ID 000,426), miR-138-5p (Assay ID 002,284),
miR-200a-3p (Assay ID 000,502), miR-200b-5p (Assay ID 002,274), miR-200c-3p (Assay ID 001,563), miR-630
(Assay ID 001,563), miR-1246 (Assay ID CTPRJ9P), and miR-1290 (Assay ID 002,863). These miRNAs have
been reported to regulate EMT or to function in relation to EMT!#?!-%, Briefly, each reverse transcriptase reac-
tion contained 7 pL of the RT mixture, 5 pL of total RNA (1 ng of total tissue RNA or 5 uL of plasma RNA), and
3 uL of 5x RT primer. Each 15-pL reaction mixture was incubated in a C1000Touch™ Thermal Cycler (Bio-Rad,
Hercules, CA, USA) at 16 °C for 30 min, 42 °C for 30 min, and 85 °C for 5 min.

miRNA expression levels were measured via ddPCR. Each ddPCR mixture contained 10 pL of ddPCR
Supermix for Probes, 1 uL template DNA synthesized from RT reactions, 1 pL of a FAM-labeled probe for
the miRNA of interest, and 8 pL of distilled water. Oil drops were generated using Droplet Generation Oil for
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Probes (Bio-Rad; catalog #1,863,005). The C1000 Touch™ Thermal Cycler, equipped with a deep-well block, was
used for PCR analysis with the following thermocycling conditions: 95 °C for 10 min, 40 cycles of 94 °C for 30 s
and 60 °C for 1 min, and 98 °C for 10 min. All data were interpreted using the Bio-Rad QX200 droplet reader
and analyzed using the QuantaSoft program (version 1.7.4). The representative results of ddPCR fluorescence
plots were shown in Additional file 1. Quantification was performed by determining the copy number of target
miRNA/1 ng total RNA for tissue samples or the number of copies of target miRNA/1 uL cDNA for plasma
samples, as previously described>?¢.

Tissue microarray (TMA) construction and immunohistochemistry (IHC). A representative tissue
core with a 2-mm diameter was obtained from each patient as an FFPE block, and sets of TM A blocks were made
of these tissue cores. TMA blocks were constructed from the tumor center (TC) and the invasive margin (IM)
of the tumor tissue. Using an automatic immunostainer (BenchMark XT; Ventana Medical Systems, Tucson,
AZ, USA), the tissue samples were stained with antibodies for E-cadherin (mouse monoclonal; BD Biosciences,
San Jose, CA, USA), ZEBI (rabbit polyclonal; Novus Biologicals, Centennial CO, USA), CD3 (rabbit polyclonal;
Dako, Carpinteria, CA, USA), CD4 (rabbit monoclonal; Ventana Medical Systems), CD8 (rabbit monoclonal;
Ventana Medical Systems), CD68 (mouse monoclonal; Dako), Foxp3 (mouse monoclonal; Abcam, Cambridge,
UK), PD-1 (rabbit monoclonal; Cell Signaling Technology, Danvers, MA, USA), and PD-L1 (mouse monoclo-
nal; 22C3 PharmDx Kit; Dako). The stained images were digitalized for analysis.

For E-cadherin IHC, membranous expression was considered to reflect a positive result, and the area (%)
of positive staining was examined. The area (%) and intensity of nuclear ZEB1 expression were recorded, and
the intensities were classified as indicating negative (0), weak (1), or strong (2) expression. EMT phenotype was
defined as any loss of E-cadherin expression or a score greater than 20 as determined by multiplying the ZEB1-
expression intensity by the % area positive for ZEB1 expression.

PD-L1 was interpreted with a combined positive score (CPS). CPS is defined as the percentage of PD-L1
staining cells (tumor cells, lymphocytes, and macrophages) relative to total viable tumor cells. CPS > 1 was used
as the cut-off for PD-L1 positive?.

Image analysis for immune cell densities. The digitalized IHC-stained images were analyzed using
QuPath software (version 0.2.0-m4). For each IHC-stained image for the immune checkpoint marker, PD-1, or
immune cell markers (CD3, CD4, CD8, CD68, and Foxp3), the number of positively stained cells was counted
using the cell count function in QuPath, and the density was calculated as the number of cells/mm?.

KRAS mutation analysis using the PNAClamp™ KRAS Mutation Detection Kit. DNA was
extracted from tumor tissues obtained from 65 patients with CRC, using the QIAamp® DNA FFPE Tissue Kit
(Qiagen, Hilden, Germany). KRAS mutations in the CRC tissue samples were detected using a peptide nucleic
acid (PNA) PCR mixture (20 uL) containing 7 pL of extracted DNA, 3 uL of PNA mixture, and 10 uL of KRAS
PNA premixture, which were provided in the PNAClamp™ KRAS Mutation Detection Kit (Panagene, Daejeon,
South Korea). Real-time PCR was performed using the StepOnePlus Real-Time PCR System (Applied Biosys-
tems). The PCR conditions were as follows: 94 °C for 5 min, followed by 40 cycles of 94 °C for 30 s, 70 °C for 20 s,
63 °C for 30 s, and 72 °C for 30 s.

Statistical analyses. All statistical analyses were performed using R software (version 4.1.0; http://cran.r-
project.org/). The Wilcoxon rank-sum tests and Kruskal-Willis tests were used to determine correlations
between miRNA expression levels and the clinicopathological features of the patients with CRC. The maximal X>
method was used to define the optimal cut-off values for continuous variables. Kaplan-Meier survival analysis
was performed to determine the associations of variables with survival. Spearman’s correlation coefficient was
used to determine the relationship between miRNAs and the tumor immune microenvironment in the tumor
tissues. To compare immune cell densities or miRNA expression levels between the two groups, Wilcoxon rank-
sum tests were performed after verifying that the groups in the test did not follow normal distributions. The tests
were unpaired, except for the comparison of miRNA expression levels between tumor and normal tissues, which
was performed using a paired test. P values < 0.05 were regarded as statistically significant.

Results

Evaluation of miRNA expression in tissue samples using ddPCR. We investigated nine different
miRNAs that were previously reported to be related to EMT in solid tumors, namely miR-21-5p, 34a-5p, 138-5p,
200a-3p, 200b-5p, 200c-3p, 630, 1246, and 1290. The miRNA expression levels in paired normal and cancer tis-
sues were measured using ddPCR. Compared to expression levels in matched normal tissues, expression levels of
most miRNAs in tumor tissues showed statistically significant differences (Fig. 1). miR-21-5p, 34a-5p, 630, 1246,
and 1290 showed significantly higher expression in tumor tissues than in normal tissue (P<0.05). miR-138-5p
and miR-200b-5p showed lower expression in tumor tissues than in normal tissues (P < 0.05), but the number of
miR-138-5p and miR-200b-5p copies was small (mean, <5 copies/ng).

Relationships between tissue miRNAs and the tumorimmune microenvironment.  After classi-
fying the patients into two groups on the basis of their EMT status, we observed a significant difference between
the groups in terms of their T cell densities in both TC and IM tissues. T cell markers (CD3, CD4, and CD8) were
expressed at a lower density in CRCs with the EMT phenotype in both TC and IM tissues (Fig. 2a-f,h, P<0.05;
Fig. 2g, P=0.063). Similarly, the EMT phenotype was associated with lower density of PD-1 in both TC (Fig. 2d;
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Figure 1. miRNA expression levels in tumor and normal tissues from CRC patients. Tumor tissues had high
expression of miR-21-5p, 34a-5p, 630, 1246, and 1290 compared to normal tissues (a, b, g-i). The expression
levels of miR-138-5p, 200a-3p, 200b-5p, and 200c-3p were lower in tumor tissues than in normal tissues (c-f).
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Figure 2. EMT status was associated with a low density of tumor-infiltrating immune cells (CD3, CD4, CD8)
and the immune checkpoint protein PD-1 in TC (a-d) and IM (e-h).
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Figure 3. Representative images of immunohistochemistry of EMT markers (ZEB-1 and E-cadherin), immune
checkpoints (PD-L1 and PD-1), and immune cell markers (CD3 and CD8) in tumor tissues.

miR-21-5p —-0.247* -0.261* -0.238 -0.127 |-0.145 |-0.256* —-0.038
miR-34a-5p -0.165 -0.187 -0.116 -0.197 | -0.051 —-0.168 -0.049
miR-200a-3p | —0.143 -0.156 -0.208 -0.24 -0.087 | -0.069 -0.143
Tumor center miR-200c-3p | - 0.262* -0.252* —-0.293* -0.281* | -0.222 —-0.145 -0.195
miR-630 —0.144 -0.087 -0.157 0.264* 0.093 -0.221 0.056
miR-1246 -0.01 0.138 0.007 0.216 -0.059 0.008 0.152
miR-1290 —-0.083 0.012 0.033 0.226 0.012 0.069 0.082
miR-21-5p -0.336** | -0.335"* | -0.351" |-0.259* |-0.236 -0.371** | -0.21
miR-34a-5p -0.279* | -0.329" | -0.273* -0.263* | -0.26" -0.261* -0.179
miR-200a-3p | - 0.246* -0.277% | -0.265" —-0.283* | -0.246* | -0.114 -0.257*
Invasive margin | miR-200c-3p | —0.293* —-0.256* —0.327** | -0.251* | -0.287* | -0.187 —-0.338**
miR-630 -0.153 -0.1 -0.193 0.051 0.123 -0.16 -0.09
miR-1246 0.1 0.144 -0.018 0.047 -0.015 {0.118 0.012
miR-1290 0.075 0.003 0.07 0.135 0.059 0.212 0.031

Table 2. Correlation coefficients between microRNA expression and tumor immune microenvironment
(immune cell and immune checkpoint) in tumor center and invasive margin. Data are presented as Spearman’s
correlation coefficient. *P-value <0.05, **P-value <0.01.

P=0.031) and IM (Fig. 2h; P=0.026) tissues. However, no significant correlation was found between the EMT
status and a PD-L1 CPS of 21 (data not shown; P=0.294 and 0.923, respectively).

The tissue expression levels of the nine miRNAs included in this study did not show statistically significant
correlations with the EMT status of the patient (P>0.05; data not shown). We investigated correlations between
miRNA expression levels and tumor-infiltrating immune cell densities in tumor tissues (Fig. 3). The expression
levels of miR-21-5p, miR-34a-5p, miR-200a-3p, and miR-200c-3p were negatively correlated with the densities
of most tumor-infiltrating immune cells in both TC and IM tissues, as shown in Table 2. The results suggest
weak but statistically significant (P<0.05) correlations®; exact correlation coeflicients are recorded in Table 2.
Specifically, the CD8-positive T cell density was inversely correlated with miR-21-5p, miR-34a-5p, miR-200a-3p,
and miR-200c-3p levels in IM tissues.

Correlations with immune checkpoint markers were also investigated. The PD-1 positive immune cell density
was negatively correlated with miR-21-5p (P=0.002) and miR-34a-5p (P=0.035) expression in IM tissues. miR-
200c¢-3p expression showed a negative relationship with a PD-L1 CPS of > 1 in IM tissues (Wilcoxon test, P<0.05).
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T-miR-21-5p T-miR-200c-3p P-miR-1290
Variable Median (range) Pvalue | Median (range) Pvalue Median (range) Pvalue
(10*x copies/ng) (10*x copies/ng) (copies/pL)
Sex 0.198 0.182 0.548
Male 6.42 (0.909-99.9) 2.205 (0.222-22.53) 2.25(0.617-8.1)
Female 8.76 (0.903-41.82) 3.45(0.195-10.47) 1.73 (0.837-7.067)
Tumor size 0.795 0.358 0.369
<5cm 8.385 (0.903-75.39) 2.124 (0.195-10.47) 1.85 (0.653-8.1)
>5cm 7.2 (1.413-99.9) 2.496 (0.222-22.53) 2.43 (0.617-6.533)
Histologic grade 0.170 0.774 0.117
WD 4.11 (0.909-12.48) 2.711 (0.393-8.91) 1.258 (0.837-6.433)
MD 8.37 (0.903-99.9) 2.43 (0.195-22.53) 2.067 (0.617-8.1)
PD 11.28 (0.975-41.82) 2.385 (0.339-10.47) 3.233 (1.733-5.933)
Lymphatic invasion 0.002** <0.001** 0.884
Absent 6.06 (0.903-75.39) 1.809 (0.195-8.91) 2.067 (0.617-8.1)
Present 13.305 (3.06-99.9) 5.34 (0.234-22.53) 2.067 (0.75-5.933)
Venous invasion 0.204 0.094 0.469
Absent 7.98 (0.903-89.4) 2.28 (0.195-11.01) 1.933 (0.617-8.1)
Present 10.23 (2.97-99.9) 5.235 (0.228-22.53) 2.33(0.75-6.533)
Perineural invasion 0.068 0.941 0.426
Absent 7.05 (0.903-60.48) 2.295 (0.195-9.6) 2.1(0.617-7.067)
Present 10.23 (1.107-99.9) 2.493 (0.222-22.53) 1.833(0.75-8.1)
TNM staging 0.010** 0.007** <0.001**
I 6.27 (0.903-60.48) 1.398 (0.36-8.91) 1.23 (0.653-4.067)
1I 5.595 (1.107-28.02) 1.737 (0.195-6.24) 3.7 (1.223-8.1)
I 10.92 (0.975-41.82) 2.285 (0.228-9.6) 1.4 (0.617-6.533)
v 12.21 (5.52-99.9) 5.79 (0.24-22.53) 2.287 (0.75-5.733)
Location 0.577 0.022* 0.667
Right 6.885 (0.975-41.82) 5.55 (0.339-10.47) 2.117 (0.837-5.933)
Left/rectum 8.4 (0.903-99.9) 2.13 (0.195-22.53) 1.933 (0.617-8.1)
KRAS 0.665 0.943 0.431
Wild 8.175 (0.909-89.4) 2.204 (0.225-11.01) 1.683 (0.653-8.1)
Mutant 8.28 (0.903-99.9) 2.76 (0.195-22.53) 2.1(0.617-7.067)

Table 3. Relationship between the concentration of tissue microRNA-21-5p, 200c-3p, and plasma
microRNA-1290 and clinicopathologic features. Data are presented as Median (range). *P-value <0.05,
**P-value <0.01. T-, tissue; P- plasma. SD standard deviation, WD well differentiated, MD moderately
differentiated, PD poorly differentiated.

Evaluation of miR-630, 1246, and 1290 expression in plasma samples. Because the quantity of
nucleic acids in cell-free plasma is generally very low, we chose three miRNAs, which had tissue expression lev-
els that suggested relatively abundant quantities, for further evaluation in plasma samples (Fig. 1). Specifically,
we measured the expression levels of miR-630, 1246, and 1290 in cell-free plasma from healthy individuals and
patients with CRC. The plasma samples were analyzed in triplicate by ddPCR to validate the reproducibility
of the results. The intraclass correlations (ICCs) for all samples were >0.950 except for miR-630 expression in
healthy individuals (ICC=0.514), suggesting that the results were highly reproducible (Additional file 2).

The plasma expression levels of miR-1246 and 1290 in patients with stage II-IV CRC were significantly higher
than those in healthy volunteers (P <0.05). The miR-630, miR-1246, and miR-1290 expression levels in patients
with stage I CRC did not differ significantly from those in healthy volunteers (Additional file 3). Besides, the
plasma levels of miR-640, 1246, and 1290 did not show statistically significant correlations with tumor-infiltrating
immune cell densities or immune checkpoint markers (data not shown).

Clinicopathologic correlations among EMT, tumor immune responses, and miRNAs. As
expected, patients with CRC and the EMT phenotype had significantly worse OS (Additional file 4a; P<0.001).
PD-L1 positivity in IM and TC tissues predicted significantly better OS (Additional file 4b and 4c; P=0.012 and
0.024, respectively). In addition, the high density of PD-1-positive immune cells in both IM and TC tissues was
strongly associated with better OS (Additional file 4d and 4e; P<0.001 and 0.002, respectively).

Table 3 summarizes the correlations between clinicopathologic parameters and miRNA expression levels.
Higher expression levels of miR-21-5p and 200c-3p were observed in CRC cases with lymphatic invasion and
an advanced tumor-node-metastasis (TNM) stage (P < 0.05) and were associated with worse OS (Fig. 4a and b;
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Figure 4. Kaplan-Meier survival analysis of the relationships between miRNA expression levels and OS. The
expression level of miR-21-5p was (a) correlated with the patient OS but with borderline statistical significance.
Patients with high miR-200c-3p expression in tissues (b) and high miR-1290 expression in plasma (c) had lower
OS rates than patients with low expression of these miRNAs.

P=0.053 and <0.001, respectively). No significant difference in miRNA expression levels was found, according
to the KRAS mutational status (P> 0.05).

High plasma expression of miR-1290 showed a strong association with an advanced TNM stage (Table 3;
P <0.001). Furthermore, high plasma expression of miR-1290 was associated with worse OS (Fig. 4c; P=0.029).

Discussion

Calin et al. suggested the role of miRNAs in cancer in 2002%. miRNAs were established as cancer biomark-
ers in 2008 when Lawrie et al. identified miRNAs with diagnostic and prognostic value in diffuse large B-cell
lymphoma*®’. miRNAs have many advantages as biomarkers, including easy extraction through liquid biopsies
and high tissue-type specificity. Many researchers have attempted to establish new miRNAs as biomarkers for
various diseases, with promising results, although such research is still in the early stages. For example, data
from a previous study suggested that circulating miR-200c-3p may be useful as a diagnostic and prognostic
biomarker for gastric cancer®. The results of another study suggested miR-148a as a biomarker for predicting
the efficacy of chemotherapy in patients with advanced colorectal cancer®. Using such biomarkers may enable
the customization of treatment strategies for individuals, which holds implications in personalized medicine.

Similar to some previous studies measuring multiple miRNA expression levels**, we also observed a great
variance in the detected amount of miRNA molecules in this study. For example, tissue levels of miR-138-5p
and miR-200b-5p were detected at amounts of fewer than 5 copies/ng of RNA in both normal and tumor tis-
sues; therefore, the difference between paired tissues was small in scale although statistically significant (Fig. 1).
However, tissue levels of miR-1246 and miR-1290 were detected at amounts of more than 1 x 10° and 1 x 10*
copies/ng of RNA, respectively; consequently, the observed difference between paired tissues was greater in
scale while statistical significance was comparative (Fig. 1). As the biological relevance of miRNAs as potential
biomarkers includes not only the statistical significance but also the actual detected amount, the quantitative
analysis provided by this study aids in the assessment of the potential clinical utility of the investigated miRNAs.

Our results suggest that tissue levels of miR-200c-3p and circulating levels of miR-1290 are potential prog-
nostic biomarkers for CRC. In addition, the high expression level of each miRNA was associated with worse OS.
Furthermore, as suggested by our current results and previous findings, such associations may reflect the key
roles played by miR-200c-3p and miR-1290 in the regulation of EMT-immune crosstalk in CRC.

One seemingly counterintuitive result is that while the expression level of miR-200c-3p is lower in tumor
tissue, patients with a high expression level of miR-200c-3p show poor survival. Previous studies suggest that the
switch between EMT and mesenchymal-epithelial transition (MET) is a transient and dynamic process wherein
EMT plays a critical role in the first stages of metastasis, such as tumor cell dissemination, while MET drives
the later stages of metastasis, such as the colonization of the metastatic site**. miR-200c-3p downregulation is
associated with EMT and miR-200c-3p overexpression is associated with MET, which may partially explain
the seemingly unreasonable observation: the EMT-related expression pattern reflects the metastatic nature of
the tumor tissue, but the MET-related expression pattern is associated with poorer survival owing to its role
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in more advanced metastatic stages. However, such an explanation is limited. Our current understanding of
the role of miRNAs in cancer progression is rather oversimplified, where the complex mechanisms of multiple
miRNAs regulating the expression of various genes are not thoroughly reflected. In fact, previous studies on the
biomarker potential of miR-200c-3p in various cancer types have produced controversial results*>*. A more
sophisticated understanding of the workings of miRNAs in the regulation of cancer progression is necessary for
a more exhaustive explanation.

Crosstalk between EMT and the tumor immune microenvironment has widely been suggested for various
types of tumors. In an ovarian carcinoma study, the mesenchymal subtype with an EMT-related gene signature
correlated with the lower density of CD8-positive tumor-infiltrating lymphocytes®. Altered expression of EMT
markers was associated with decreased tumor infiltration of CD4- and CD8-positive T cells in a study of non-
small cell lung cancer®® and with upregulated inhibitory immune checkpoint molecules such as PD-L1 in a study
of lung adenocarcinoma®*. Such results indicate that EMT is a process involving evasion of the host immune
system, and our results demonstrate a similar trend with CRC. The EMT statuses of the patients were highly cor-
related with a low density of tumor-infiltrating CD3-, CD4-, and CD8-positive lymphocytes. Similarly, low densi-
ties of PD-1-positive cells in both TC and IM tissues were correlated with an EMT phenotype in CRC patients.
These results not only clarify EMT as an immune-related process but also hold implications for immunotherapy,
as data from many previous studies have identified the tumor immune microenvironment as a key factor in
predicting and explaining the success of immunotherapy in many cancer types*'~*. A deeper understanding of
the relationship between EMT and the tumor immune microenvironment may lead to refined immunotherapies.

We also identified miRNA markers associated with the EMT phenotype that had effects on tumor immune
microenvironment. Notably, tissue levels of miR-200c-3p were negatively correlated with cells positive for
immune cell markers such as CD3, CD4, and CD8 and negatively correlated with cells positive for the immune
checkpoint marker PD-L1. These results agree with data from previous functional studies of the miR-200 family
in regulating the immune system™, which may explain the worse OS observed in patients with high miR-200c-3p
expression. Similarly, the circulating plasma levels of miR-1290 showed a negative association with CD3-, CD8-,
and PD-1-positive cells. Considering that recent findings elucidated the role of miR-1290 in the immune escape
of cancer cells in gastric cancer®, this finding may explain the worse OS observed in patients with high plasma
levels of miR-1290.

This study does have some limitations. Notably, this study was conducted with a retrospective cohort at a
single institute, and only 65 samples from patients with CRC were analyzed. Therefore, the potential utility of
miRNAs suggested by this study as biomarkers needs to be further validated in an independent cohort as well
as in a multi-centered study of a larger scale.

In conclusion, we identified tissue levels of miR-200c-3p and plasma levels of miR-1290 as potential prognos-
tic markers of CRC, which may reflect functional associations of the miRNAs with EMT or the tumor immune
microenvironment. Clinically, these miRNA markers could be used to accurately evaluate the prognosis and
metastatic potential of CRC in an individual patient and to adjust the therapeutic strategy accordingly.

Data availability

The datasets supporting the conclusions of this article are included within the article and its additional files.

Received: 4 August 2021; Accepted: 25 January 2022
Published online: 10 February 2022

References

1. Bray, E et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J. Clin. 68, 394-424. https://doi.org/10.3322/caac.21492 (2018).

2. Lieberman, D. A. et al. Guidelines for colonoscopy surveillance after screening and polypectomy: a consensus update by the US
Multi-Society Task Force on Colorectal Cancer. Gastroenterology 143, 844-857. https://doi.org/10.1053/j.gastro.2012.06.001 (2012).

3. Fakih, M. G. Metastatic colorectal cancer: current state and future directions. J. Clin. Oncol. 33, 1809-1824. https://doi.org/10.
1200/JC0O.2014.59.7633 (2015).

4. Meropol, N.J. & Schulman, K. A. Cost of cancer care: issues and implications. J. Clin. Oncol. 25, 180-186. https://doi.org/10.1200/
JC0.2006.09.6081 (2007).

5. Spaderna, S. et al. A transient, EMT-linked loss of basement membranes indicates metastasis and poor survival in colorectal cancer.
Gastroenterology 131, 830-840. https://doi.org/10.1053/j.gastro.2006.06.016 (2006).

6. Pena, C. et al. The expression levels of the transcriptional regulators p300 and CtBP modulate the correlations between SNAIL,
ZEB1, E-cadherin and vitamin D receptor in human colon carcinomas. Int. J. Cancer 119, 2098-2104. https://doi.org/10.1002/ijc.
22083 (2006).

7. Peinado, H. et al. Snail and E47 repressors of E-cadherin induce distinct invasive and angiogenic properties in vivo. J. Cell Sci. 117,
2827-2839. https://doi.org/10.1242/jcs.01145 (2004).

8. Wellner, U. et al. The EMT-activator ZEB1 promotes tumorigenicity by repressing stemness-inhibiting microRNAs. Nat. Cell Biol.
11, 1487-1495. https://doi.org/10.1038/ncb1998 (2009).

9. Li, S. et al. Tumor-associated macrophages remodeling EMT and predicting survival in colorectal carcinoma. Oncoimmunology
7, €1380765. https://doi.org/10.1080/2162402X.2017.1380765 (2018).

10. Cortez, M. A. & Calin, G. A. MicroRNA identification in plasma and serum: a new tool to diagnose and monitor diseases. Expert
Opin. Biol. Ther. 9, 703-711. https://doi.org/10.1517/14712590902932889 (2009).

11. Grenda, A. & Krawczyk, P. New Dancing Couple: PD-L1 and MicroRNA. Scand. J. Immunol. 86, 130-134. https://doi.org/10.1111/
§ji.12577 (2017).

12. Aslam, M. I, Taylor, K., Pringle, J. H. & Jameson, J. S. MicroRNAs are novel biomarkers of colorectal cancer. Br. J. Surg. 96, 702-710.
https://doi.org/10.1002/bjs.6628 (2009).

13. Chen, C. Z,, Li, L., Lodish, H. E. & Bartel, D. P. MicroRNAs modulate hematopoietic lineage differentiation. Science 303, 83-86.
https://doi.org/10.1126/science.1091903 (2004).

14. Jin, D,, Fang, Y., Li, Z., Chen, Z. & Xiang, J. Epithelial-mesenchymal transitionassociated microRNAs in colorectal cancer and
drug-targeted therapies (Review). Oncol. Rep. 33, 515-525. https://doi.org/10.3892/0r.2014.3638 (2015).

Scientific Reports |

(2022) 12:2295 | https://doi.org/10.1038/s41598-022-06192-w nature portfolio


https://doi.org/10.3322/caac.21492
https://doi.org/10.1053/j.gastro.2012.06.001
https://doi.org/10.1200/JCO.2014.59.7633
https://doi.org/10.1200/JCO.2014.59.7633
https://doi.org/10.1200/JCO.2006.09.6081
https://doi.org/10.1200/JCO.2006.09.6081
https://doi.org/10.1053/j.gastro.2006.06.016
https://doi.org/10.1002/ijc.22083
https://doi.org/10.1002/ijc.22083
https://doi.org/10.1242/jcs.01145
https://doi.org/10.1038/ncb1998
https://doi.org/10.1080/2162402X.2017.1380765
https://doi.org/10.1517/14712590902932889
https://doi.org/10.1111/sji.12577
https://doi.org/10.1111/sji.12577
https://doi.org/10.1002/bjs.6628
https://doi.org/10.1126/science.1091903
https://doi.org/10.3892/or.2014.3638

www.nature.com/scientificreports/

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Han, M. et al. Antagonism of miR-21-5p reverses epithelial-mesenchymal transition and cancer stem cell phenotype through
AKT/ERK1/2 inactivation by targeting PTEN. PLoS ONE 7, €39520. https://doi.org/10.1371/journal.pone.0039520 (2012).

Burk, U. et al. A reciprocal repression between ZEB1 and members of the miR-200 family promotes EMT and invasion in cancer
cells. EMBO Rep. 9, 582-589. https://doi.org/10.1038/embor.2008.74 (2008).

Mlecnik, B. et al. The tumor microenvironment and Immunoscore are critical determinants of dissemination to distant metastasis.
Sci. Transl. Med. 8, 327ra326. https://doi.org/10.1126/scitranslmed.aad6352 (2016).

Zhang, Y., Yang, P. & Wang, X. F. Microenvironmental regulation of cancer metastasis by miRNAs. Trends Cell Biol. 24, 153-160.
https://doi.org/10.1016/j.tcb.2013.09.007 (2014).

Wang, Q. et al. The roles of microRNAs in regulating the expression of PD-1/PD-L1 immune checkpoint. Int. J. Mol. Sci. https://
doi.org/10.3390/ijms18122540 (2017).

Zedan, A. H. et al. microRNA expression in tumour tissue and plasma in patients with newly diagnosed metastatic prostate cancer.
Tumour. Biol. 40, 1010428318775864. https://doi.org/10.1177/1010428318775864 (2018).

Han, M. et al. MiR-21-5p regulates epithelial-mesenchymal transition phenotype and hypoxia-inducible factor-lalpha expression
in third-sphere forming breast cancer stem cell-like cells. Cancer Sci. 103, 1058-1064. https://doi.org/10.1111/j.1349-7006.2012.
02281.x (2012).

Nie, D., Fu, J., Chen, H., Cheng, J. & Fu, J. Roles of microRNA-34a in epithelial to mesenchymal transition, competing endogenous
RNA sponging and its therapeutic potential. Int. ]. Mol. Sci. 20, 1009. https://doi.org/10.3390/ijms20040861 (2019).

Long, L. et al. Down-regulation of miR-138-5p promotes colorectal cancer metastasis via directly targeting TWIST2. J. Transl.
Med. 11, 275. https://doi.org/10.1186/1479-5876-11-275 (2013).

Zhang, W. C. et al. Tumour-initiating cell-specific miR-1246 and miR-1290 expression converge to promote non-small cell lung
cancer progression. Nat. Commun. 7, 11702. https://doi.org/10.1038/ncomms11702 (2016).

Marzinotto, L. ef al. miR-204 is associated with an endocrine phenotype in human pancreatic islets but does not regulate the insulin
mRNA through MAFA. Sci. Rep. 7, 14051. https://doi.org/10.1038/s41598-017-13622-7 (2017).

Tavano, E. et al. Droplet digital PCR quantification of miR-1290 as a circulating biomarker for pancreatic cancer. Sci. Rep. 8, 16389.
https://doi.org/10.1038/s41598-018-34597-z (2018).

Park, Y. et al. PD-L1 testing in gastric cancer by the combined positive score of the 22C3 PharmDx and SP263 assay with clinically
relevant cut-offs. Cancer Res. Treat. https://doi.org/10.4143/crt.2019.718 (2020).

Schober, P,, Boer, C. & Schwarte, L. A. Correlation coefficients: appropriate use and interpretation. Anesth. Analg. 126, 1763-1768.
https://doi.org/10.1213/ANE.0000000000002864 (2018).

Calin, G. A. et al. Frequent deletions and down-regulation of micro- RNA genes miR15 and miR16 at 13q14 in chronic lymphocytic
leukemia. Proc. Natl. Acad. Sci. US A 99, 15524-15529. https://doi.org/10.1073/pnas.242606799 (2002).

Lawrie, C. H. ef al. Detection of elevated levels of tumour-associated microRNAs in serum of patients with diffuse large B-cell
lymphoma. Br. J. Haematol. 141, 672-675. https://doi.org/10.1111/j.1365-2141.2008.07077.x (2008).

Valladares-Ayerbes, M. et al. Circulating miR-200c-3p as a diagnostic and prognostic biomarker for gastric cancer. J. Transl. Med.
10, 186. https://doi.org/10.1186/1479-5876-10-186 (2012).

Takahashi, M. et al. The clinical significance of MiR-148a as a predictive biomarker in patients with advanced colorectal cancer.
PLoS ONE 7, e46684. https://doi.org/10.1371/journal.pone.0046684 (2012).

Arabkari, V. et al. Relative and absolute expression analysis of microRNAs associated with luminal a breast cancer-a comparison.
Pathol. Oncol. Res. 26, 833-844. https://doi.org/10.1007/s12253-019-00627-y (2020).

Brabletz, T. To differentiate or not-routes towards metastasis. Nat. Rev. Cancer 12, 425-436. https://doi.org/10.1038/nrc3265
(2012).

Tejero, R. et al. miR-141 and miR-200c-3p as markers of overall survival in early stage non-small cell lung cancer adenocarcinoma.
PLoS ONE 9, €101899. https://doi.org/10.1371/journal.pone.0101899 (2014).

Saleeb, R. et al. The miR-200 family as prognostic markers in clear cell renal cell carcinoma. Urol. Oncol. 37, 955-963. https://doi.
org/10.1016/j.urolonc.2019.08.008 (2019).

Murakami, R. et al. Establishment of a novel histopathological classification of high-grade serous ovarian carcinoma correlated
with prognostically distinct gene expression subtypes. Am. J. Pathol. 186, 1103-1113. https://doi.org/10.1016/j.ajpath.2015.12.029
(2016).

Chae, Y. K. et al. Epithelial-mesenchymal transition (EMT) signature is inversely associated with T-cell infiltration in non-small
cell lung cancer (NSCLC). Sci. Rep. 8, 2918. https://doi.org/10.1038/s41598-018-21061-1 (2018).

Lou, Y. et al. Epithelial-mesenchymal transition is associated with a distinct tumor microenvironment including elevation of
inflammatory signals and multiple immune checkpoints in lung adenocarcinoma. Clin. Cancer Res. 22, 3630-3642. https://doi.
0rg/10.1158/1078-0432.CCR-15-1434 (2016).

Mak, M. P. et al. A patient-derived, pan-cancer EMT signature identifies global molecular alterations and immune target enrich-
ment following epithelial-to-mesenchymal transition. Clin. Cancer Res. 22, 609-620. https://doi.org/10.1158/1078-0432.CCR-15-
0876 (2016).

Kang, B. W, Kim, J. G., Lee, I. H., Bae, H. I. & Seo, A. N. Clinical significance of tumor-infiltrating lymphocytes for gastric cancer
in the era of immunology. World J. Gastrointest. Oncol. 9, 293-299. https://doi.org/10.4251/wjgo.v9.i7.293 (2017).

Loupakis, F et al. Prediction of benefit from checkpoint inhibitors in mismatch repair deficient metastatic colorectal cancer: role
of tumor infiltrating lymphocytes. Oncologist 25, 481-487. https://doi.org/10.1634/theoncologist.2019-0611 (2020).

Zhu, J. et al. Resistance to cancer immunotherapy mediated by apoptosis of tumor-infiltrating lymphocytes. Nat. Commun. 8,
1404. https://doi.org/10.1038/s41467-017-00784-1 (2017).

Wendlandt, E. B., Graff, J. W,, Gioannini, T. L., McCaffrey, A. P. & Wilson, M. E. The role of microRNAs miR-200b-5p and miR-
200c-3p in TLR4 signaling and NF-kappaB activation. Innate Immunol. 18, 846-855. https://doi.org/10.1177/1753425912443903
(2012).

Liang, Y, Liu, Y., Zhang, Q., Zhang, H. & Du, J. Tumor-derived extracellular vesicles containing microRNA-1290 promote immune
escape of cancer cells through the Grhl2/ZEB1/PD-L1 axis in gastric cancer. Transl. Res. https://doi.org/10.1016/j.trs1.2020.12.003
(2020).

Author contributions

EK, S.CJ., and S.K.N. acquired, analyzed, and interpreted the data; performed statistical analysis; and drafted
manuscript. Y.P. and S.H.S. analyzed the data and performed statistical analyses. K.U.P, H.K.O., D.WK., and
S.B.K. provided technical and material support. H.S.L. conceived and designed the study, analyzed and inter-
preted the data, drafted the manuscript, obtained funding or the study, and supervised the study. All authors
read and approved the final manuscript.

Funding
This work was supported by the Seoul National University Foundation (800-20190384).

Scientific Reports |

(2022) 12:2295 | https://doi.org/10.1038/s41598-022-06192-w nature portfolio


https://doi.org/10.1371/journal.pone.0039520
https://doi.org/10.1038/embor.2008.74
https://doi.org/10.1126/scitranslmed.aad6352
https://doi.org/10.1016/j.tcb.2013.09.007
https://doi.org/10.3390/ijms18122540
https://doi.org/10.3390/ijms18122540
https://doi.org/10.1177/1010428318775864
https://doi.org/10.1111/j.1349-7006.2012.02281.x
https://doi.org/10.1111/j.1349-7006.2012.02281.x
https://doi.org/10.3390/ijms20040861
https://doi.org/10.1186/1479-5876-11-275
https://doi.org/10.1038/ncomms11702
https://doi.org/10.1038/s41598-017-13622-7
https://doi.org/10.1038/s41598-018-34597-z
https://doi.org/10.4143/crt.2019.718
https://doi.org/10.1213/ANE.0000000000002864
https://doi.org/10.1073/pnas.242606799
https://doi.org/10.1111/j.1365-2141.2008.07077.x
https://doi.org/10.1186/1479-5876-10-186
https://doi.org/10.1371/journal.pone.0046684
https://doi.org/10.1007/s12253-019-00627-y
https://doi.org/10.1038/nrc3265
https://doi.org/10.1371/journal.pone.0101899
https://doi.org/10.1016/j.urolonc.2019.08.008
https://doi.org/10.1016/j.urolonc.2019.08.008
https://doi.org/10.1016/j.ajpath.2015.12.029
https://doi.org/10.1038/s41598-018-21061-1
https://doi.org/10.1158/1078-0432.CCR-15-1434
https://doi.org/10.1158/1078-0432.CCR-15-1434
https://doi.org/10.1158/1078-0432.CCR-15-0876
https://doi.org/10.1158/1078-0432.CCR-15-0876
https://doi.org/10.4251/wjgo.v9.i7.293
https://doi.org/10.1634/theoncologist.2019-0611
https://doi.org/10.1038/s41467-017-00784-1
https://doi.org/10.1177/1753425912443903
https://doi.org/10.1016/j.trsl.2020.12.003

www.nature.com/scientificreports/

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-022-06192-w.

Correspondence and requests for materials should be addressed to H.S.L.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:2295 | https://doi.org/10.1038/s41598-022-06192-w nature portfolio


https://doi.org/10.1038/s41598-022-06192-w
https://doi.org/10.1038/s41598-022-06192-w
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Tissue miR-200c-3p and circulating miR-1290 as potential prognostic biomarkers for colorectal cancer
	Methods
	Study population and clinical specimens. 
	Ethics approval and consent to participate. 
	Quantification of miRNAs by droplet digital polymerase chain reaction (ddPCR) analysis. 
	Tissue microarray (TMA) construction and immunohistochemistry (IHC). 
	Image analysis for immune cell densities. 
	KRAS mutation analysis using the PNAClamp™ KRAS Mutation Detection Kit. 
	Statistical analyses. 

	Results
	Evaluation of miRNA expression in tissue samples using ddPCR. 
	Relationships between tissue miRNAs and the tumor immune microenvironment. 
	Evaluation of miR-630, 1246, and 1290 expression in plasma samples. 
	Clinicopathologic correlations among EMT, tumor immune responses, and miRNAs. 

	Discussion
	References


